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I D o l l a r ’ s  lett a t o  h i s  coope ra to r s  e 
foElo&kn$ r e c e i p t  o f t h e  f i n a l  r e v i s i o n  

I 
’ of d a t a  c a l c u l a t i u n s  from “iversi .de.  
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ESTINATED ANNUAL PARTICULATE EMISSIONS FROM 
SUGAR CANE F I E L D  BURNING 
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S t a t e  

1972 

1973 ( E s t . )  
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19.72 

1973 ( E s t . )  
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1972 

1973 ( E s t . )  

X a u i  

1972 

1973 ( E s t . )  

O a h u  

. 1972 

1973 ( E s t . )  

I n  C r o p  
1.000's acres 

229.2 

226 

104.6 

100  

47.0 

46 

45.5 

46 

- 
. .  . ... 

32.2 

3 4  

- 

- 
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H a r v e s t e d  
1.000's acres 

108.5  

106 

48.0 

46 

23 .4  

22 

22.7 

23 

14.4 

15 

B u r n e d  
E s t i m a t e  

1.000's acres 

95  

93  

3 4  

32  

2 1  

20  

22 

2 2  

14. 

14 

. .  

. .. 

. .  

E m i s s i o n s  
Tons 

4,168 

4 ,031  

.1,557 

1,466 

962 , 

916 , 

1,008 

1,008 
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Revision of hnmaries I made after 

e I returned to “iverside. ‘hese were sent 

to honolulu and form the basis of 

D o l l a r s  letter to his cooperators. 





STATEWIDE AIR POLLUTION RESEARCH CENTER RIVERSIDE, CALIFORNIA 92102 . 

Dear J i m :  
6 3  

It  i s  a b i t  e a r l y  i n  t h e  morning and I am s t - ; ? r t i ng  this a t  < G  

$ 2  

home--will f i n i s h  a t  t h e  o f f i c e .  
i n  t y p i n g  b u t  i t  w i l l  get  t o  you f a s t e r  t h i s  way. 

So pardon agayn 'the mis takes  h <  
" V  

Y -, 

Znclosed a r e  c o p i e s  of t h e  s e t s  of f i e l d  d a t a  t h a t  Me1 D o l l a r  
s e n t  t o  me and/or  brought  w i th  him when he was he re  i n  December, 
The f i r s t  s e t  i nc luded  the raw d a t a  s h e e t s  and sumgarry s h e e t s  
t h e  s i x  samples (2-25 square f o o t  p l o t s  i n  each sample) B ,  C ,  
F ,  G ,  and H .  The second s e t  inc lu3ed  t h e  r a w  d a t a  s h e e t s  f o r  
t h e  remaining f o u r  samples,  M ,  N. 0 ,  and P and t h e  sunnary of 
a l l  1 0  s a n p l e s  o r  20 f i r e s .  

L e 
It took  a l i t t l e  time f o r  m e  t o  dec iphe r  t h e  format so I w i l l  

t r y  t o  g ive  gou the  b e n e f i t  .of w h a t  I l e a r n e d  from t h e s e  s h e e t s .  
. .. , 

. . .  _ -  I-. . 
The f i r s t  Set 

,Using B- l . and  E-2 as examples. and goirp; f i r s t  t o  t h e  raw d a t a  
s h e e t .  Saaple  column: Too r e f e r s  t o  t h e  t o p  t r a s h  w h m  look ing  a t  
t h e  Trash  column and t o  t o p  cdne when l o o k i n g  a t  t h e  Cane P i e c e s  column. 
- Mid r e f e r s  t o  m i d  cane 
was necessa ry  t o  make two packz..nes t o  keep t h e  weight of packages 
w i t h i n  r easonab le  l i m i t s .  Bottom r e f e r s  a g a i n  t o  both  t r a s h  and cane 
as mtm&im d i d  t h e  _TI?EaSove. The 1's and 2 ' s  r e f e r  t o  f i r s t  am 
sec0r.d sample. . 

and t h e r e  a r e ' . o f t e n  two e n t r i e s  because it 

Unburned and Burned columns: The Unburned would be t h e  two 
samoles rnihmm k o l l e c t e d  and s e n t  t o  R i v e r s i d e ,  B-1 and B-2. each 
sample r e p r e s e n t i n g  1 f i r e .  I n  t h e  e a r l i e r  samvling, bottom cane 
was s e n t  t o  us b u t  t o  keep t h e  weiqhts  w i t h i n  the  t a b l e  l i m i t s ,  
we d i d  n o t  use  t h e  bottom cane. A f t e r  abou t  sample E ,  t h e  bottom cane 
was n o t  sh ipzed  t o  us ,  akthough i t s  weight was recorded  i n  Hawaii. 
Thus f o r  B-1, t h e  t r a s h  weights  a r e  noted  for t o p  and bottom aw 
t o t a l e d  a t  12.0 pounds. The v a r i o u s  cane weights  a r e  noted and 
t o t a l e d  a t  142.5 pounds ad I have noted i n  p e n c i l  t h e  t o t a l  p l o t  
weight of 154.5 poun's. The t o t a l  l e a f  t r a s h  012 pounds) and t h e  
t o t a l  t r s s h  o l u s  csne (154.5 DOiJndS) a r e  t h e n  e n t e r e d  on the  summary - -  
s h e e t  under Leaf Trash  ll,t* and Cane and L e a f  Trash "B", r e s p e c t i v e l y ,  
f o r  t h e  P e r  25 f tLcolumns.  0 - 

The Burned cohimn would r e p r e s e n t  t h e  cane weight a f t e r  t h e  i'ireb 
on t h e  two p l o t s  t h a t  were s taked  o u t  a t  t h e  Same time t h e  two " i v e r s i d e  
p l o t s  were c u t  and weighed. ( I am a t  school  noTw and have changed 



t y p e w r i t e r d ) .  
d a t a  f r o m  4 p lo t s - - -2  s e n t  t o  
For B-1 a f t e r  t h e  f i r e , ,  t h e  cane weights  a r e  g r e a t e d  than  t h e  m a t e r i a l  
s e n t  t o  Hiversi.de. 
for t h e  g r e a t  v a r i a t i o n  they  show. $'or B-1 the cane w t .  a f t e r  
f i r e  i s  153. % t hen  shows t h e  ash weight caught i n  a pan of 
150 square inches .  YL'hen t h i s  i s  converted t o  pounds p e r  p l o t  
he g e t s  3.95 pounds. This  amount i s  added t o  t h e  cane w t .  t o  
g ive  156.95 pounds t o t a l  m a t e r i a l  on t h e  p l o t  a f t e r  t h e  f i r e .  
When t h i s  amount i s  s u b t r a c t e d  t o  the  t o t a l  w t .  unburned, t h e  

va lue  i s  -2.45 and t h i s  i s  t h e  n e t  disappearance t h a t  he puhs 
on the surnmary shee t .  I n  th i s  p a r t i c u l a r  c a s e ,  however, he  e n t e r s  
-2 on t h e  summary and I b e l i e v e  t h i s  i s  an a r i t h m e t i c  e r r o r  if 
my penc i l ed  n o t a t i o n s  are c o r r e c t .  There i s  a l s o  an e r r o r  
i n  h i s  a r i t h m e t i c  for B-2 because I show a l o s s  of 71.67 but  
he has  e n t e r e d  72.9. Regardless  of t h e s e  small  errors, hhmm 
t h e  explana t ion  I have gtkven above i s  how he  has  f i g u r e d  each 

of t h e  e n t r i e s  on t h e  raw d a t a  s h e e t s  t h a t  a r e  t r a a s f e r e d  t o  
t h e  summary shee t .  

'I'he format shwwn for B i s  fol lowed f o r  c and D but  changed 
a l i t t l e  i n  E, F, G, and H t o  add columns for Net Burned whioh 
i s  l a b e l e d  a s  "iet Disappearance on the  summary s h e e t .  A l s o  s t a r t i n g  wi th  
E, t he  s i z e  o f  the pan for ashes  was changed t o  133 s q .  i n .  &/a. p0+- 

i iWnhnntimddld$ldmdhdmhdm CLrd k r +  c . l u ~ - ~ r  4 - w  cxe fw s;+ 

Back t o  B for a moment. 

Thus i t  i s  ev iden t  A, t h a t  on t h e s e  s h e e t s ,  t h e r e  a r e  
i v e r s i d e  and 2 sampled a f t e r  t h e  f i r e .  

A : - i i s  happens i n  some o t h e r  p l o t s  and accounts  

My penc i l ed  n o t e s  a t  t h e  bottom of 
t h e  s h e e t  i s  m y  e f f o r t  t o  check h i s  f a c t o r  of  0.067 for conver t ing  
grams huudrhdm#md ashes i n  the pan t o  pounds p e r  25 sq. ft.  T h w  
I g e t  0.053 i n s t e a d  of h i s  value and c a l c u l a t i n g  B-1 g i v e s  m e  
3.13 pounds i n s t e a d  of 3.95. 

Now t o  E for a moment. You have two s h e e t s  f o r  E-- an o r i g i n a l  
and one wi th  my penc i l ed  n o t e s .  l he  n o t e s  i n  the  up,per p a r t  o f  
t h e  page justL,confirm t h e  a r i t h n e t i c  t h a t  he  shows t o  o b t a i n  
Eet Burned. o r  E-1, t he  3.8 ashes  i s  added t o  t h e  222 burned 
cane and*.this-sum i s  s u b t r a c t e d  from t h e  t o t a l  211 cane and t r a s h  
s e n t  t o  R ive r s ide  t o  g i v e  a va lue  of -14.8 n e t  burned (which, aga in  
i s  a c t u a r l y  a gain).mhmmhhm VVhen t h e  t o t a l  f o r  E-2 (0.1) i s  
added t o  E-1 (A14.8) h i s  n e t  for t h e  50 s q  f t .  i s  -1k.7. 'I'his 
i s  converbed t o  tons /acre  ( f a c t o r =  .435) and t h e  two f i g u r e s  a r e  
e n t e r e d  on t h e  summary s W t .  

Now t o  the  summary s h e e t  of t h e  f i r s t  s e t  o f  d a t a  ( B  t h r u  H ) .  
Whereas he has a kep t o  the  columns noted  a t  t h e  bottom, I have 
l a b e l e d  some columns/ for my own c h a r i f i c a t i o n .  For B{I, t h e  
t o t a l  w t .  p e r  50 square f e e t  i s  the  sum4 of B - 1  and B-2. "h is  
should be m u l t i p l i e d  by t h e  f a c t o r  o f  .435 and when I do t h i s  
I g e t  s l i g h t l y  d i f f e r e n t  f i g u r e s  a s  shown roughly i n  p e n c i l .  
Then n e t  d i sappearance  i s  t r e a t e d  on 25, 50 f o n t  and a c r e  b a s i s .  
& r e ,  for B us ing  h i s  f i g u r e s  t h e  74.9 should be 72 and t h e  
32.6 would be 30.8. Even though t h e r e  a r e  t h e s e  smal l  e r n o r s  
I probably use the f i g u r e s  a s  shown when doing t h e  computations 
you_suggest i n  your l a s t  l e t t e r .  
s o  c a n ' t  make any f o r t h e r  comments on what you want done. 

The second s e t  

I ,  

It has  n o t  a r r i v e d  y e t  today 

The second s e t  of d a t a  t h a t  he brought w i th  him i n  December 
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73 - a 
i s  i n  two p a r t s - - - t h e  raw d a t a  s h e e t s  for M ,  N ,  0, and# P, and 
h i s  sumaiftes o f  a l l  20 p l o t s .  The format for t h e  raw d a t a  i s  t h e  
same as for E through H.  

Now for t h e  summaries. I had looked kit t h e s e  be fo re  mainly 
for t he  purpose of s e e i n g  how he  d i d  h i s  s t a t i s t i c a l  work a t  t h e  
t ime I was doing p-$$ summaries i n  January. But now I am looking  
a,t them i n  g r e a t e g  d e t a i l  t o  s e e  what I g e t  out of them for t h e  
purpose o f  w r i t i n g  t h i s  l e t t e r .  

so here  goes on what appear t o  be summaries o f  f i e l d  d a t a  

i'he f i r s t  page i s  a summary of  t he  summary t h a t  i s  shown 
on the  second page. I w i l l  j u s t  n o t e  the f i g u r e s  a.s I see them. 
l29+ 3.7 i s  from l i n e  2 of  second page. 147 + 30 i s  from l i n e  

T'he BUM id#?@ (1469.8) 
d iv ided  by t h e  NUMBER (10)  h a s  t o  be 1 7. 127 *34 i s  from 
l i n e  11 and the  1 7  i s  from l i n e  18. $t is  t h i s  f i g u r e  o f  
17  t h a t  i n t e r e s t e s  me t h e  most because i t  i s  n o t  t o o  f a r  from 
our loss of 1s pummb t ons  p e r  a c r e  a s  he  poin ted  out  i n  

t h e  l e t t e r  t o  Ersk ine  Ian .  5.  
on the phone you po in ted  o u t  t h a t  t h e  d i f f e r e n c e  
may be due t o  t h e  absence of  mid cane i n  t h e  Rivers ide  samples. 

Up u n t i l %  
today I have accepted t h i s  f i g u r e  a t  f a c e  va lue  without  going 
through t h e  c a l c u l a t i o n s  t o  check where the  f i g u r e  came from. 
Obviously from the  f i g u r e s  we s e e  on t h e  second summagg page 
t h e  sum o f  d iv ided  by t h e  number 20 g i v e s  17.2. But 1 cannot 
add up any fi ,gyges t h a t  g i v e  t h e  j! 344 
i n  t h h s  column/given i n  terms o f  lbs /25  s q  f t ,  I can v e r i f y  them 
by adding up t h e  i n d i c a t e d  numbers for t h e  20 e n t r i e s  on the 
raw d a t a  s h e e t s .  But i f  I add up t h e  Net Disappearance i n  t o a s  
p e r  a c r e  from a l l  raw d a t a  s h e e t s  and /or t he  sumr.iary s h e e t  

t h e  column of  Net Disa3pearance on t h e  b a s i s  of 50 sq. f t .  5 
g e t  316.1 which i s  close_r to-344 b u t  o ~ t h e - - w x ~ J x w . . Q .  

u n l e s s  t h e r e  i s  something I do n o t  see ,  i t  seems 
t o  h e  t h a t  t he  l o s s  i n  tons  per  a c r e  could a l s o  be g o t t e n  by 
s u b t r a c t i n g  t h e  weight a f t e r  t h e  f i r e  o f  a l l  l o t s  from t h e  
weight b e f o r e  t h e  f i r e /  f o r  a l l  p l o t s .  %t lt'7 - 127 20. 
Oh, 0h.fJ.f , I just s e e  something a s  I w r i t e  th i s .  The 127t34 
showing on t h e  f i rs t  summary page i s  from l i n e  11 b u t  
t h e  l a b e l s  a r e  d i f f e r e n t .  On t h e  f i r s t  page, t h e  l a b e l  i s  
" t o t a l  w t .  cand and ash a f t e r  burn",  whereas on l i n e  10-11 
on t h e  second page i s  l a b a e d  " w t .  a f t e r  burn ( c a n e ) "  . *t i s  
l i n e  14 of t h e  second page t h a t  matches the l a b e l  on t h e  f i r s t  
page and t h e  value h e r e  i s  130 (129:!,8). Now, i f  we s u b t r a c t  
130 from 147, we g e t  t h e  17 .  
344 came from and I w i l l  have t o  ask Do l l a r  when I g e t  t o g e t h e r  
w i th  them l a t e r  t h i s  month. 

dn t h e  t h i r d  page of t h e  summary, "el a p j l i e s  t he  f i g u r e  of 
1 7  tons /acre  t o  t h e  a c r e s  h a r v t e s t e d  and then our  7 l b s / t o n  
p a r t i c u l a t e  t o  c:me up w i t h  the tons  of p a r t i c u l a t e /  pe r  yea r .  

Ewo f i g u r e s  need v e r i f i c a t i o n  and/or acceptance.  (1) The 
l o s s  of 17  tons /  p e r  a c r e  from t h e i r  f i e l d  d a t a  and t h e  7 pounds 

only.  

s$, even though t h e  f i g u r e s  shows 157. 

I th ink  when we d i scussed  t h i s  

But back t o  his  1 7  t o n s  p e r  a c r e  n e t  disapparence.  

where t h e  o t h e r  numbers 

of t h e  f i r s t  s e t  (BBhrough H )  my sum i s  1&6. If I a d d  up H ti. $4 

But l ~ s t i l l  d o n l t  s ee  where t h e  

' .  



a -4- a C .  

of D a r t i c u l a t e  p e r  ton  burned Brom o u r  s t u d i e s .  Next w o u l d b e  
the‘acceptance b f  t h e  philopf$#sophy t h a t  i t  i s  a c c u r a t e  t o  
express  p a r t i c u l a t e  i n  terms of m a t e r i a l  burned. 

‘“y own p o i n t  o f  view ~P~~~uunnuhM a t  th is  s t a g e  i s  t h a t  t h e  f i g u r e  
o f  17 tons  burnad i s  not  t oo  bad. The concept o f  b a s i n g  
emissions on t h e  amount burned i s  c e r t a i n l y  reasonable .  And 
I th ink  t h a t  ou r  emiss ions  f a c t o r  i s  w i t h i n  reason.  ‘hus t h e  
only a l t e r n a t i v e  i s  t o  use t h e  pounds p a r t i c u l a t e  pe r  a c r e .  
i f  we use t h e  f i g u r e  o f  l o 9  and apply  i t  t o  thmrmfl+ 
l i h e  3 of t h e  t h i r d  page o f  t h e  summary I g e t  795 tons  per  
yea r  i n s t e a d  of  t he  869 Me1 shows. 

I have rambled on much longe r  than  intended.  If you 
come up wi th  somethin new on t h e s e  d a t a  “e l  s e n t ,  l e t  me know. 
I n  the  mean time I w i l l  w a i t  f o r  your  l a s t  l e t c e r  w i th  i t s  
sugges t ions  and t h e n  b e i n  c o n t a c t  w i th  you. 

e 

Best  r ega rds .  
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INSTRUCTIONS 
use routing symbols whenever PO=- 
s ible .  
SENDER 

Forward orieinal end one COPY. 1 
I 

Conserve space. 

Reply below the message, keep 
RECEIVER: I one copy, return one COPY. 

I L ' _ I  
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Use routing symbols whenever pos- 
sible. 
SENDER 

Forward original and one copy. 
Conserve space. 

RECEIVER: 
Reply below the message. keep, 

e 2  . .  

+J - . .- -<- 
Subject: 

-.. ,' . I  . +-_. , .. 
./ 

To: 

L _I : 

L 
5027 - 102 

-1 OPTIONAL FORM 27 
OCTOBER 1961 

GSA FPMR (41 CFR) 101 - 11.6 
3. T O  B E  R E T A I N E D  BY O R I G I N A T O R  
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UNITED STATES GOVERNMENT a L 

Subject: 

! - 
I 

1 \. 

use muting symbols whenever pori- 

Forward original and one COPY. 
Conserve space. 

Reply below the message,  k e e p  
one copy, return one copy. 

sible. 
SENDER 

RECENER: 

L -1 I*._ 
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1 Subject: 

1 

_I 

INSTRUCTIONS 
Use routing symbols whenever pos- 
sible.  
SENDER 

Forward original and one copy. 
conserve space. 

RECEIVER 
Reply below the message. keep 
One COPY, return one COPY. 

I 

-FOLD FOLD- 
W E  BRIEF. INFORhUL U N G U G E  

L -I 
3. T O  B E  RETAINED B Y  ORIGINATOR 

- - .  - 5027-102 . 

OPTIONAL FORM 27 
OCTOBER 1962 

GSA FPMR (41 CFR) 101- 11.6 , 



UNITED STATES GOVERNMENT 

I 
, Subject: 

1 

J 

INSTRUCTIONS 
U s e  routing symbols whenever pos- 
sible.  
SENDER 
Forward original and one copy. 
Conserve space. 

Reply below the message. keep 
one COPY. return one CODY. 

RECEIVER: 
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UNITED STATES GOVERNMENT 

Subject: 

To: 
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IATE O F  MESSAGE 

>ATE OF REPLY 

INSTRUCTIONS 
Use routing symbols whenever pos- 
sible. 
SENDER 

Forward original and one copy. 
conserve space. 

RECEIVER: 
Reply below the message. keep 
one copy, return one copy. 

3. ? < B E  R E T A I N E D  BY O R I G I N A T O R  

5027 - 102 

OPTIONAL FORM 27 
OCTOBER 1961 

CSA PPMR ( 4 1  CFR) 101 - 11.6 



S T A T E  OF Hi_A. l l  

DEPARTMENT OF AGRICULTURE 

tq2e SO. <lNG STREET 

HSNOLYLY. n * w m  e.5914 

January 4 ,  1 9 7 3  

DE. E l l i s  F.  Darley 
P lan t  Pa tho log i s t  
u n i v e r s i t y  o f  C a l i f o r n i a  
Riverside,  CA 92502 

Dear E l l i s :  

I ’ve enclosed summary s h e e t s  f o r  your review and comment. Some 
minor e r r o r s  and missing va lues  were noted: 

Pineapple burn 12-19-72 (I) 

P a r t i c u l a t e  7.2 l b s / t o n  w t .  loss  and noc 5.3 lb s .  

Sugar cane burns 11-8-72 (1) (2)  and (3)  

Duplicate  se t s  - i s  one s e t  missing? 7 
/ (  P a r t i c u l a t e  4 .7  and 9 .9  d ry  t rash  w t .  l o s s  r a t h e r  t h a n  

5.7 and 12.6 r e s p e c t i v e l y ,  if 3.3 l b s .  ash  i s  assumed. 
This  would apply on  a l l  o t h e r  s e t s  o f  d a t a  s i m i l a r l y .  

When c a l c u l a t i n g  volume o f  d i s c h a r g e  ycu have m u l t i p l i e d  revolu- 
t i o n s  by 50 - does t h i s  v a l u e  recognize temperature c o r r e c t i o n s ;  if so ,  
i t  would g i v e  a good estimate of  B t u  values .  

I f  I r e c a l l  c o r r e c t l y ,  t h e  h igh  volume f i l t e rs  were d r i e d  t o  
c o n s t a n t  weight in a d e s i c c a t o r  b e f o r e  and af ter  t h e  burns.  If t h i s  i s  so 
then t h e  moisture  e f f e c t  should no t  be  important.  

Enclosed a r e  t h e  raw d a t a  s h e e t s  f o r  each f i e l d  s tudy .  Th i s  may 
h e l p  you i n  your i n t e r p r e t a t i o n s .  

Alexander El. DLllar: Ph.D. 
Supe rv i so r ,  Hawaii Development I r r a d i a t o r  
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TABLE 3 - PINE3PPLE TRASH 

S m m r y  : 

>Jiurnber of burns 4 

Loading o f  t a b l e  21.9 2 6 . 7  t o n s l a c r e  

Net burned 15.1-t- 4 . 4  t o n s l a c r e  

Volume of dischazge  2 5 3 2 2  176 E t .  lb .  burned 

P a r t i c u l a t e  emissions 9.2 2 2.3 lbs./ton n e t  burned 

3 

3 Le--$&’ 
I 33823 2 10011 x g l m  

0.18 2 .07 lbs./ft.*-rnin. Burn ra te  

For cornparkan - f i e l d  b u r n  r a t e s  2re Ln t h e  
range 0.4 t o  0.8 lbs.Ift .2-rnin.  

4 



Load 
Tons / 
‘?C::e - 
.. 77.G 

16.3 

13.1 

25.k 

26.2 

Burn >.ate 

Jmfn. 
l b s l f t . 2  

- 
0.12 

a. 12 

0.20 

0.27 

Pa L‘ t i.c UIEI t c 
l b sd ton  
b rimed vp/n? 

- - 
12.5 41145 

8.5 43382 

8.6 27957 

7 . 2  22810 

7 
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i' 
STATEWIDE AIR POLLUTION RESEARCH CENTER RIVERSIDE, CALIFORNIA 92502 

1 , .  . .  

ll 

Nov., 24, 1972'  

Dear l'lr. "pangler :  , _  

and s t r i k e o v k r s .  
some whole cane and some ' leaves  only.  I , w i l l  n o t  send. any 

see w h a t  d i f f e r e n c e s  you m y  want t o  'have re'peat f i r e s  on. ' '?he 

4 0  beo T7€5d&% 4 

I a m  typ ipg  t h l s  myself ,  so p lease  . e x + w : t h e  .mispe:\.I.ings . . ' 3  . 

, I  more of cane u n t i l  you have h a d  a chance t o  look  a t  . these . , to .  , , ' . .  . 
next  s e t  of f i l t e r s  I w i l l  send w i l l  be from p i d p p l e  t r a s h  fires. . .  

9 

. .  i 

Here a r e  12 more . f i l t e r s  'of 'sugar' c ne--- . ,  

1 

I' , 
. ,  

. ' I  

" I/ 

, '.. . ,  . -  
e __ ____- --.- 

We'ights on the f i l t e r s  fo l ' iowsr  .,, 
! 

90112'6 Whole cane with d r y  and gre-n l e a v e s  '" 

, .  I , ,  

. .  , . , .  

, i  
3.42985 

* .  ., ' , 
. .  .I i 

' ., i 

. .  = 12 .8  pounds p e r  t on  o f . , f u & l ,  . .  burne.d 

I 

. .  
901127 Whole c m e  

. .  
\ .  

, I  
. t .  , .  

i 
, , . t  

: 4, 

3.36230 
3.32350 

I '  . ,  

I .  s I . . .  , .  
,03880 = ? . l # / t o n  

901128--'Dry l e a v e s  o:dy i 

d . 
901129 Whole cane 

. .  

, ,  
901130 Lzseves only , .  

! 

. ,  I 

I. . 

3.65300 
3.6386 I .  

I ,  .01432 = %/ton$ ' 

, 



, .  . .  , ,  901132 ' ,  Whole cane: . , .  

" NOTEI F i l t e r  f l o w  was n o t  s iokbn,&tic .  , 

' 3,67040 L e s s  a i r  than  should have been. 
F a c t o r  used would then  g'ive a '.T 012 0 f 5'.4#/ton lower y i e l d .  :. . , i ' , , ,  , . 

, I  
. I ,  

, ...' 
, . .  I 

I ,  

, .  . .  . 901133 Whole cane' , ,  ,. 

. .  
! . ,  

. . .  ,. . 
_ 1  

I 3.63925 
, .,,. . .  , ' .  3.61150 

.", ,102775 = , 7.9#/ton , .  ' .t ..... I 

1 ,  ' 

. .  < ' I, ,1 I 901139 L v s  , o n l y ,  .' I .  
, 1  

,." . I 

' \ ,  . ,  ' , : . " t 

. .  
3.64700 ' . ! 

. , , ~  .. , , ,  . 
. ,  I (  . ' , .  , 

3.63470 
: , '  . .  , 

'.01230 = ' 3.8,#/ton 
, ,  

. .  
! 
, ,  , ,, ,. 

', . , .  I . ,  . ,  . , , ,  i 
. .  901135' ,'Lvs only  ' ' ' 

, '  , , .. 
. ., 
' <  I 

, 1 .  , 
I A. 

5 '  

901136 

. ,  

' I  
" I  , ., /* . .  

. ,  
: .  ! .  . . .  .,, I , '  

.Lvs  only.  

3.63520 ,, 
3.62600 
,'.00920 , = 2.9#/to.n 

, ' I  . , ,  

. . .  ). 

' '  I 
I ,  , I S ' .  , . ,  , ,  

, ., , ,  
' 3.63640 

3.62770 
,00870 = ' 2.9#/ton 

I ,  .' , 
I. 

. _ . ~  
, , ' .  . .  f"!' , ' ,  

. '  bjhole ca.ne0wrth dry;and gre:?n,.leaves cont inue ' " t0  g i v e  h ighe r  

When..the fue . l 'mo i s tu re  .data  .are worked up we may f i n d  t h a t  . ' 

t 3 i s  iT3hrmra f u e l  w a s  of h ighe r  moisture  content--or  i t t  coi>.ld j u s t . '  

'Jirnd Souther land . i s  coming out  abou t  t h e  f o u r t h  of .Dec,. 

. .  y i e l d s '  t h a t  d r y ' l e a v e s  a l o n e .  i l t e r , . ,901128 i s  an' except ion .  , I' t 

" 
t i  

be a n  odd b a l l ,  a s  oometimes happens. , . .  . , %  , .  ,,<. . .  
I t '  

(I 
. ,  t h i n k )  and you may want t o  d i s c u s s  any of your r e s u l t s  k i t h  

him. s o  he can make. ,sug r e s t i o n s  while  he , i s  h e r e .  , 



I 
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., 
I 

* -  e 
-..- . . ~ 

~. . . - - - .  .. . -  ~ - 
B'(a)P I N  HI-VOL A I R  FILTERS FROM HAWAII 

F i l t e r  Number 

901121 
901122 
901123 
901124 
901125 
901126 
901127 
901128 
901129 
901130 
901131 
901132 
901133 
901134 
901135 
901136 
901137 

m g / g  p a r t i c u l a t e s  

135.404 
12L, 623 

60.900 
35.139 
87.417 
22.315 
41.753 
27.336 
21.374 
32.056 
22.669 

168.254 
181.622 
112.195 
176.959 

76.087 
52.874 

. .  

GEOLOGICAL RESOURCES, INC. 

\ 



r 

F i 1 t er Number 

901121 
901122 
901123 
901124 
901125 
901126 
901127 
901128 
901129 
901130 
901131 
901132 
901133 
901134 
901135 
901136 
901137 
901138 
901139 
901140 
9q1141 
901142 

TRACE METALS IN HI-VOL AIR FILTERS (ng/m3) 

HAWAII 

N i  Cr B e  Cd 

2 ,666 .4  t r, 555.5. 2,888.5 
1 ,508 .8  t r  419.1  3,688.2 

0 .  0 0 5,234.2 
0 0 0 316.1 
933.2 2,205.8 339.4 1,272.6 
1,657.7 957.8 313.1 1,031.5 
2,714.8 2,121.0 466.6 1,484.7 
2,210.3 1 ,277 .0  294.7 1,080.6 
1,029.3 1,852.7 617.6 1,749.8 
2,748.8 t r  0 1,323.5 
No a i r  volume r e p o r t e d  
1,473.5 0 0 1,571.7 
504.1 0 251.8 . 1,510.6 
t r  0 294.2 1,673.7 

0 0 0 2,885.2 

2,397.9 ' 0 162.0 2,268.3 
4,155.8 0 317.2 2,296.6 
2,390.0 975.5 292.6 1,433.1 
3,218.6 ' 0 204.4 1,737.0 

2,584.3 tr 592.2 3,553.4 

0 t r  356.4 . ,1,555'.4 

997.1 1,150.5 0 1,188.9 

"\ 

\ 

\ 

\ 

cu 

5,891.6 
7,525.0 
8,565.4 

7,183.9 
10,990.4 
6,614.1 
9,351.5 
6,921.0 
10,293 ~ 0 
4,049.1 

9,682.7 

,I 2,902.4 
4,577.6 
4,034.4 
7,069.9 
5,528.6 
11,156.8 
5,155.1 
3,852.5 
4 ,434 .1 .  
3,599.4 



Fi.1 

SPECIAL PAPERS FOR SUGAR CANE F I R E S  

. t e r  NO. Weight bpfore and a f t e r  c o l l e c t i o n  of 
p a r t i c u l a t e  and equ lva len t  weight of 
p a r t i c u l a t e  per t o n  of f u e l  burned 

901121 3.38485 grams 
whole cane 3.33655 
with d r y  and .04830 = 12.3#/ton of dry l v s .  
g reen  l v s  

901122 whole cane w i t h  d r y  and green l x s .  

7.41460 

901123 d ry  

901124 wh 

l e a v e s  only ' 

3.38870 

*= 5.8# ton d r y  lvs. 

le cane with d r y  and green  l v s .  

3.37350 

5.6#/ t o n  d ry  l eaves  

901125 whole cane w i t h  d ry  and g reen  l e a v e s  

3.38435 
'*= 8.2#/ t o n  d r y  l e a v e s .  

\ 

Mr . \Spangler t . .  

Here 'are  the  f i r s t  t r e a t e d  papers  goy s e n t  us f o r  use on 
sugar cane f i r e s .  When bcmding o u r  t a b l e  w i t h  whole cane and 
t h e  d r y  l e a f  t r a s h  t h a t  goes a long  with i t ,  we a,re a b l e  t o  wei$$$ 
only  the d r y  l e a v e s  as burpable  m a t e r i a l .  Some of t h e  green  
l e a v e s  d o , b u ~ r n  and. we know we . a re  l o s i n g  some weight ( w a t e r ? )  from 
t h e  cane i t s e l f ; .  But f o r  p r a c t i c a l  purposes a t  t h e  moment 
we a r e  express ing  y i e l d  of p a r t i c u l a t e  i n  tems of  d r y  l eaves .  
There i s  a t r e n d . , f o r  more p a r t i c u l a t e  t o  be produced from t h e  
wh'ole cane f ~ i r e s :  .It. ,wi'l . '! .  be i n t e r e s t i n g  t o  see i f ,  you 
o b t a i n ' d i f f e r e n t  k inds  and/or amounts of m a t e r i a l s  from whole , .  

cane f i r e s .  
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STATEWIDE AIR POLLUTION RESEARCH CENTER RIVERSIDE, CALIFORNIA 92502 

January 31, 1'973 

Dr. James R. Hammerle 
Chief, National Air Da'ta Branch 

€PA . 
Research Triangle Park, NC 27711 

and Standards 

Dear Dr. Hammerle: 

performed the various multiple corrections on the sane  and t rash  f i r e s .  
of the various printouts are enclosed as follows: 

Following the suggestion you made during your v i s i t  January 18, Minn Poe 
Copies 

1 .  UCR Correlations and Multiple Regression Program, Description. Minn 

How these two methods 
points out t h a t  b o t h  the deletion and step wJs.e .regression methods 
were used t o  derive the pfcddicted equations. 
a re  reconciled i s  given on page 3 of the description. 

Computer l i s t i n g  of the two raw data sheets ,  one each for  cane and 
t rash only. 
fo r  sample number en t r i e s .  For the cane f i r e s ,  i f  you look a t  the 
summary sheets I sent Jim, you' may ident i fy  dates by numbering 
consecutively 1 through 8 s t a r t i ng  with 10-27. 
samples by numbering consecutively 1 t h r o u g h  15 s t a r t i n g  w i t h  D-1, 
b u t  deleting H-1. Dates, 
1 through 8,  s t a r t i ng  with 10-5 and deleting 11-16; samples, 1 
t h r o u g h  1 7 ,  deleting M-3. 

Computer printout sheets of the three derived equations, I ,  I1 and 
111. 
were analyzed using the above program. 
and the multiple regression equation fo r  par t icu la te  emissions ( P E )  
as a function of selected variables were calcula$ed. 
correlat ion coef f ic ien ts ,  par t ia l  correlat ion coef f ic ien ts ,  the 
square of the multiple correlat ion coef f ic ien ts ,  standard deviations,  
e tc .  a re  l i s t e d  on the computer printout.  

I--Sugar cane f i r e s  t e s t ing  PE as a function of the several variables 
These variables a re  l i s t e d  a t  the top 

2. 
Consecutive numbering was used for date en t r ies  and 

You may ident i fy  

The same system i s  used fo r  t rash only: 
. 

3;. 
The data collected from 15 sugar cane fiires and 17  t rash f i r e s  

The correlat ion coeff ic ients  

The simple. 

observed pr ior  t o  igni t ion.  
of the columns on the raw data l i s t i n g  noted i n  ( 2 )  above. In 
addition, the to t a l  of t rash 1 and t rash 2 ,  and of mid and top 
cane was a l so  used. This printout does not include a l l  of the 



, 
computer.work b u t  o n l y  those v a r i a b l e s  (we igh t  o f  mid.cane p l u s  , 

'weight .o f . . top cane and r e l a t i v e  h u m i d i t y )  tha,t,' had 'a s i g n i f i c a n t " :  
. .. 

, . , I ,  # >  
., . 

! , , 5 .  e . . : ,  
I ,  

e f f e c t  on p a r t i c u l a t e  emission., A l l  o f  t h e  o the rs  t e s t e d . f e l 1  by 
t h e  way. The f i n a l  p r e d i c t i o n  equa t ion  f o r  PE i n  pounds pe r  25 sg.,yft. ' , 

, '  i s ,  . ,  

. , ,  . . ., 
, ' ,  . ,  

. . : b %  , ,  ' , ' .-dollN@- ,@&@747 
PE = . - . O W @ ' " +  ~ O W M 8 9 - x  (wt .  m i d ' +  t o p  cane)] ' :."" . .  

.... , ,  

.+ (.O@X6633. x r e l a t i v e  h u m i d i t y )  
. .  CW05.31 OD 3 

, , ., , I I - -Sugar  c a n e - f i r e s ,  t e s t i n g  PE a s , a ' f u n c t i o n  of t h e  va r ious  we i .gh t ,  . . ,  , .  
' I .  , : 1 '  l osses  observed a f t e r .  , the,  f i r e . , ' .  Only weight '  loss 6 Y ' t o p  'cane was' ., : , !  .., 1 .. .., . ,  3, ,, 

, .  
-' '.. ~ .... 1.- s ign i f . i can t .  :.The-pcediction .equati~on.for..PE -in. p o u n d s _ p e ~ ~ 2 5 _ s - ~ _ f t . . ~ . ~  '-'-.L.-.:i- 

is, . I .  

. .  
. .  ., . , 

. .  
&()iJo53 + (860 359q: 

, . ; ' ' PE .= :0399034.:+ ,( .00360011 x wt.,>loss t o p  cane) 

111-:Trash f i r e s  t e s t i n g  PE as a f u n c t i o n  o f  t h e  s e v e r a l  v a r i a b l e s  observed 
b e f o r e  i g n i t i o n  and o f  we igh t  loss a f t e r  t h e  f i r e .  The v a r i a b l e s  are.  

' n o t e d  a t  . the t o p  o f  each-column on t h e  computer . l i s t i : n g  o f  raw data.  
:Only t o t a l ,  we igh t  was ' s i g n i f i c a n t .  The prediction,equation.for'PE " '  .: ' , I . ' '  

' . .  I . .  
. .  

0 . ., 
, ,;. , 1  , .  . .  . .  . .  . , I  

, >. : :  
' . . .  , , 

, ,  
. .  

I .  , . .  

. .  . ,  i n  pounds per  25 s q . f t .  is;,. 

I ' ' ., 

', 
: * .  \ 

, .  
. I  

, 
, 
: .., I .  

' / .  

I 
. .  

, I  

b 
. .  

,,.. . , . .  , 

. .  PE = -.0322972 + (.00529497 x t o t a l  w t . )  
. .  ' .  . . ,  

, "  , I , .  , ,  
I 

, .  

! 
4'. Sumnary sheets.,wherein' r e g r e s s i o n  equat ions  I, .I , I  and ,111' a r e - ' a p p l i e d  ' t o .  

values base'd on ,R2 a r e  a l s o  shown. '.. , . . ,  

.. . 
t h e  p e r t i n e n t  observed v a r i a b l e s  o f  each f i r e  and t h e  predicted:.values 
o f  PE i n  pounds pe r  25 s q . f t . ,  and i n  pounds pe r  ac re  a r e ' g i v e n ,  as w e l l . :  

' .  , as the  mean and s tandard  d e v i a t i o n ' o f  these values. The ' cadcu la ted  F .  I , , 
: , , .  

. I , , . , I '  

, .  . I .  

, . .  
i 

. I ,  

(,. , , ,  
I ,  .,. ,.' :; . .  

,. . 

. .  
A f t e r  you have had an o p p o r t u n i t y  t o  r e v i e w ' ~ t h e s e  r e s u l t s  .I w o u l d ' a p p r e c i a t e '  ' 

I ,  

y o u r  comments.. I have i n d i c a t e d  t o  t h e  coopera tors  i n  Hawaii  t h a t  th,ese data.. 
, , I .  L 

8 ,  . .  , , were be ing  prepared and t h a t  .I would send them t h e  r e s u l t s , , a s  soon.as you had 
' p:, ." ' ',* reviewed them.and cou1d"ass is t : in  t h e i r  i n te ' cp re ta t i on . .  I hope t h a t ,  t h i s ' s t e p  '" , ,  " .. , 

' . . w o u l d  h e l p  Us t o  know how many more f i r e s  and what k i n d  t o  burn.' . .' . '. 

. , I I ", 

. .  
I .  Minn t e l l s  me t h a t  t h e . l a r g e  R? indicates:the good c o r r e l a t i o n  between PE ' ,  

" . ,and the  p e r t i n e n t  var i ,ab les. .  :The. h i g h  :F va lue  , i n d i c a t e s  t h e  1 , e v e l ' o f - s i g n i f i c a n c e  . ,  '. . " , 
I .~ . .  

, . .  . . ' t o  be b e t t e r  than 0.5 pe rcen t .  . I .  ' 

, . .  , I  

. .  
For t h e  v a r i a b l e s  t h a t  t h e  program se lec ted ,  Minn b e l i e v e s  t h a t  we have s3fki.2 

' c i e n t  f i r e s ,  b u t '  some o f  t h e  v a r i a b l e s  t h a t  were dropped may r e q u i r e  more f j r e s s o  , , 

more r e p l i c a t e s  a re  mois tu re , (some da ta  p o i n t s  were m iss ing  i n  t h e  c u r r e n t  s e t ) ,  

l e a s t  as many r e p l i c a t e s  as t h e r e  a re  v a r i a b l e s  t o  be'examined. 

, ' ,  ,,. 
. ' ; ' :  , .as t o  o b t a i n  ,a  w ide r  range o f  'exper imenta l  po ints . '  Perhaps t h e  v a r i a b l e s  needing . .  . . 

' , w e i g h t  o f  t r a s h ,  and perhaps t o t a l  weight,. S h e ' a l s o ' s a y s  ' t h a t  we must have a t  
, .  

., . I  

: 
. .  

. ,  . ,  . ,  

. ,  . .  , .  , .  



- 
, .  . .  

I . ,  
'\i R'. H,ammerle 3 January.31, 1973 '1 

, I a,m n o t  sending copies o f ,  t h i s  material t o  Jim,-and hope t h a t  you,'can share 
. . .  '. 

% .  , I '  

the enclosed , .  w i , t h  h i m .  
. .  8 . '  

, . I  

. I cer ta in ly  appreciate'your suggestions and assistance.  Your v i s i t  was, ! 1 ' * , ,  :I, 

, .  
. ,  

. .  veri' time1.y. ' ,  

. i  

Cordially, 

E l l i s  F. Darley 
Plant Pathologist ~ 

. .  , 
.. , I  

Enclosures ! ' . : . .  

. .  .. . 

. . .  . .  . . 

I '  . . , .  . 

. .  

. I  ... 

, .  
. .  . .  

. ,  

I .  

' & '  . .  
, .  . 

. .  

. 

,I 0 
, ,  , 

, '  
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RESUME: 
while and should make a va luab le  c o n t r i b u t i o n .  t o  knowl.edge and should b e  
ob ta ined  t o  provide  t h e  needed guidance f o r  poss ib l e  r egu la to ry  d e c i s i o n  
making. 
The r ccomenda t ion  i s  m a d e  based upon a g r q a t l y  reduced budget t o  d l o w  
con t inua t ion  of t h e  burning tower s t u d i c s  only. '  

'DESCXIYTIOX: 
from burning. 

. t o  eva lua te  t h e  perEormance o f  the burning tower.. 
c o l l e c t e d  i n  t h e  f i e l d  dur ing  v a r i o u s  burn condi1:ions. , ( 3 )  H a t e r i a l s  
from t h e  f i e l d  will be burned i n  t h e  tower t o  determine gaseous and p a r t i -  
c u l a t e  . emiss ions .  

C e r t a i n l y  t h e  d a t a  which t h e  app l i can t  l 'roposcs t o  o b t a i n  i s  worth- 

However, phase 1 and 2 d o  not  appear t o  bq r e a l i s t i c  a t  t h i s  time. 

The a p p l i c a n t  r e q u e s t s  $204,46G for '  a 3 year  s tudy  o f  po1:u:ion 
(1) Tests w i l l  be  conducted i n  tlie burning tower and f i e l d  

(2)  Samples will be 

- CR1'ST.r.: 
i s  a v a i l a b l e  a t  Rivers ide.  Phase 3 ,  which would be c0nducLe.d i n  t h e  tower, 
has  sone m e r i t .  
waste products  bu t  l i t t l e  i s  known about  t h e  .forest ma te r i a l s .  
has talcen money and t ime t o  c o n s t r u c t  and eva lua te ,  so some f u r t h e r  use of  
it appears  t o  be j u s t i f i e d .  

Phases 1 and 2 do n o t  appear t o  be  r e a l i s t i c  a t  t h i s  time. 
p o s s i b l e  t o  d e t e r m i x  t h e  amount of p o l l u t a n t  given o f f  dur ing  t h e  f i e l d  
burning by t h e  proposed method. 
va lue  a t  t h i s  s t age  o f  t h e  i n v e s t i g a t i o n .  
extremely ambit ious prograin which could n o t ,  be c(,mp,letcd w i t h i n  t h e  time 
and money requested.  

E l imina t ion  of  t h e  f i e l d  s t u d i e s  from the proposz l  and concen t r a t ion  on 
adequate  q u a n t i f i c e t i o n  of  t h e  ''tower" burning s t u d i e s  should prov.ide s 

The s t r e a g t h . o f  t h i s  proposa l  i s  i n  t h e  f a c t  t h a t  a buni ing  tower 

Cciisiderable d a t a  have been col-Lr?cted wi th  agricu' . tural  
Thz toye r  

It w i l l  no t  be.  

Q u a l i t a t i v e  dnt;:. may. be  o f  l i t t l e  r e a l  
The P::'s proposal  r e p r e s e n t s  an 

. ' 

more r e a l i s t i c  approach t o  manpower a n d . d o l l a r s  requested.  . . . .  . .  
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'@-TSTIGATORS: . D r .  Darley appears  overextended . .  i n  h i s  t :otal  program. .Research 
workers cxpending small  percentages  o f  t h e i r  t ime on a p r o j e c t  a r e  u s u a l l y  
under product ive  u n l e s s  a competent r e s e a r c h  a s s i s t a n t  i s  a c t u a l l y  r e spons ib l e  

RESOURCES AND Eh'VIRONTlENT: Good 

1. BUDCBT. 

- . ~ j .  . _  ~... ..-. - ,~ 
' f o r  t h e  r e sea rch  work i t s e l f .  No such r e s e a r c h  suppor t  i s  ind ica t ed .  

, _ .  ..~.., I ~. . . ~ .  .. . - .. . ... . ' ' .  . .  ~. . . -.. 
, .  

. .. 

Should be reduccc. as i n d i c a t e d  ,'under Execut ive  S e c r e t a r y ' s  Note. 

Executi.vc S e c r e t a r y ' s  Not?: Approval has been recornended a t  a reduced budget. 
Reviews have i n d i c a t e d  t h a t  phase 1 and 2 should be de1c:ted at. t h i s  time. 
Fu r the r ,  t h a t  d u e  t o  t h e  m b i t i o u s n e s s  of  t h e  s tudy ,  on ly  t h a t  p o r t i o n  dea l ing  

t h e  fol lowing budget d e l e t  ions .  
03 years.. should be reques ted ,  

. .  wi th  phase 3 be supported.  ~ Consequently,  approval  has  been recommended wi th  . .  

J u s t i f i c a t i o n  of equiprnent needs f o r  02 and 

Delete  - (1st year )  
Spectrometer  
Data acquis i t iork system 
Laboratory Techr3,ician IV 

. .Stenographer  . 

Travel  
Other expenses 

.Delete.- (years  02 and 03) 
Laboratory Te.clulician 11' 
Stenographer  
Travel 
Other  Expenses 

. .  
. .  

. .  

, . ." 
. .  

. .  ., 
.. . .  . .  

$ :!2,000 
9,100 

3,333 
4,000 

11,392 

2,500 

' . 11,392 
3,332 
4,000 
1,000 
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N w  69 6/19/69 
A P n t c m r  CODE 0 CODE 

. .  . .  
0 BE COMPLETED BY PRINCIPAL INVESTIGATOR 11rr.n~ I chroush 9 ond 17.41 

A8BRIVIATlD Illll OF BESEARCH PROPOSAL ID0 "*I rxcr rd  53 Iiprurricrr .PYc*s) 

A i r  P o l l u t i o n  from F o r e s t  and A g r i c u l t u r a l  Burning 
N P E  OF N R I C A I I O N  (Chock a ~ c l  
0 NEW mOIIC1 l f N f W U  OF PHS GRANT NO 

19 RE,VlSlON OF MI APPLICA1ION NO AP 00829 0 SUPP(WTM TO PHI GRANT NO. 

A. TOTAL AMOUNT REQUESIW ~ U E S I E D  FOR FIRST 
. .  FOR PERIOD IN ITEM 3 12.MONlH PiPlOD 

D A W  OF E N l l l E  PXOPOSED PPOIECT PERIOD 

whir a~plirmionl 

OM THPOUGH m R G ,  
$i?W;?;466- - 

$ $W -N4?9/ . 3 , ,7 37 January 1, 1970 December 31, 1972 
H. MAILING ADOPEIS OF FXINCIPU INVESIIGAIOR 1SZrccr. Cilll. Sin**. 

l i p  Code) . .  C NM OF PslNCiPAL UI(YLSTIGAT0R (L-+ First. I z~ i l io l )  

DARLEY, E l l i s  F. 

Ph.D. 557-56-8064 1 714 1787-5140 

P lan t  Pa tho log i s t  

Statewide A i r  Po l lu t ion  Research Center 
Un ive r s i ty  of Ca l i fo rn ia  
Rivers ide .  Ca l i fo rn ia  92502 DEGRLE L SOCIAL SICURIN NO. a ~ E P H O N E  D*T* 

Area Cod. Tel.phan. Numbor 7. IDENTIFY ORGANIZATIONAL COMPONENT RtSPONSl8lE FOR CONWCT OF 
SClEHTITIC ASPECTS OF PROlECT 

Statewide A i r  Po l lu t ion  Research Center .  
, I  

T l T U  OF K)SITION 

-. 
DEPARTMENT. SERVICS LA3ORATORY OR EQUIVAUNT 
(sr' ,n.l."rrionll J u c k  boil 

8. ADDRESS WHERE KSfARCH W I U  &E CONDUCTW W s a w  m Ire- 6H. 

Statewide A i r  P o l l u t i o n  Research Center 
. HUOR SU8DIVISION &&a In.fnnl-1 

9. M E  FEDfRU FACILITIES TO BE USED FOR THIS RESEARCH1 a YES - 5 70 OF T I M  0 NO N I A  
.O BE COMPLETED BY RESPONSIBLE ADMINISTRATIVE AUTHORITY Ilrrm* 10 through 15 and 17Dl 

1. APPLICANT ORGANIZATION (Name ond M d r n i - S c r c r i .  Ciln  12. TYPE OF ORGANIZATION (Cluck applkabk  Jteml INDIVWUU 
S t a r ,  Zip C o d 4  1%- Inzirrsrionrl W8"C INSlITUTIOI(I 

Statewide A i r  P o l l u t i o n  Research Cen.ter 0 ADERAl m.STAlE  L O C U  O M  

Univers i ty  of C a l i f o r n i a  
Rivers ide ,  C a l i f o r n i a  92502 

rnIYA1t l H S 1 l M l O N i  NONPROFIT, PROFIT 

NAME *No TITLE OF OFFICIAL SIGNING FOR AWLICANT ORGANII*llON 13. 

Seymour D. Van Gundy 
. NAMf. T l l U  AND ADMESS OF 0r l lCl .U 10 WHOM CHECKS SHOUW Associa te  Dean f o r  Research 

Y MAIW 

M r .  F. J .  Bailey,  Accounting O f f i c e r  14. MI ACCOUNT NUMltP . IS. ESTABLISHfD PHI  INDIRECT COST RATE 
Wnin If known1 W n i n  If knovnl 

dtf shy&& -3-13-7 Univers i ty  of C a l i f o r n i a  
Rivers ide ,  C a l i f o r n i a  92502 451480 

-IcM sew 
. TERMS AND CONDITIONS. The undersigned accept. as to any grant nwnrded, the obligation to comply with Public Health Sc 
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I obligations, including:,those with respect to inventions, inconsistent with complinncc with such Kegulations, the M:inu: 
nd the A c t  .-:. 
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,BBREVIAI~D i i l l i  OF P e o i t c i  

A i r  P o l l u t i o n  from F o r e s t  and A g r i c u l t u r a l  Burninz 
AME. SOCIAL SICURIIY NUMBIP. O F F l C l M  IIIU ANI) DEPAPrM€HI OF & P(IOiE5SIONAL PERSONNEL ENGAGfD ON PROlKr 

Darley, E l l i s  F . ,  557-56-8064 P l a n t  P a t h o l o g i s t ,  Statewide A i r  P o l l u t i o n  Resear 

B i s w e l l ,  Harold H. 545-70-1631 P ro fes so r ,  School o f  F o r e s t r y ,  UC Berkeley 
Broido, Abraham 345-16-9207 Research Assoc ia te ,  A i r  -Pol l .  .Res. Center ,  Riv. 
Green, Lis,le R .  529-09-1239 P r o j e c t  Leader,  Fuel-Break, USDA F o r e s t  F i r e  Lab. 

Rivers ide  
Palmer, Thomas Y. 515-03-6436 P r o j e c t  Leader,  Flambeau, USDA F o r e s t  F i r e  Lab,Ri 
Stephens, 'Edgar R.  021-22-7438 Research Chemist 111, A i r  P o l l .  Res. Center ,  

UC Rivers ide  

Statewide' A i r  Pol lut ' ion Research Center 

. ,  
Center ,  UC Rivers ide  

!AM1 AND A D D E W  OF APPLICANT OIGAHI IA I ION 

Universi ty  of  C a l i f o r n i a  
Riverside,  C a l i f o r n i a  92502 

1st lH1S WAC1 IO MAKE A BIOAD SIAlU(EN1 OF VOUI RESEARCH OIIECllV€S 

The use  of p r e s c r i b e d  burning of accumulated f o r e s t  f l o o r  f u e l s  i n  pub l i c  and 
p r i v a t e  f o r e s t  land i s  becoming an i n c r e a s i n g l y  important and widely used f a c t o r  i n  
reducing fiire hazard and main ta in ing  favored p l a n t  spec ie s .  Also, i n  C a l i f o r n i a  
considerable  amounts of a g r i c u l t u r a l  wastes a re  burned inc lud ing  brush from water-, 
shed and range lands  cont iguous t o  f o r e s t ,  l ands ,  s t u b b l e  of va r ious  cereal g ra ins  
and f i e l d  c rops ,  and prunings from f r u i t  orchards.  A s  more a t t e n t i o n  i s  given t o  
a l l  sources 'of p o l l u t i o n  i n  the n a t i o n a l  e f f o r t  t o  e f f ec t  c l e a n  a i r  s t anda rds ,  i t  
i s  important t o  know t h e  r e l a t ive  c o n t r i b u t i o n s . o f  such burning. It i s  t h e r e f o r e  
the  o b j e c t i v e  of  t h i s  p r o j e c t  t o  determine the kinds and amounts of  gaseous and 
p a r t i c u f a t e  emissions from t h i s  type  of  burning conducted i n  f i e l d  ' s tud ies  and i n  

.special i ,ped equipment which s imula t e s  open burning s i t u a t i o n s .  Spec ia l  a t t e n t i o n  
w i l l  be gtven t o  burning under v a r y i n g . c o n d i t i o n s  of  f u e l  moisture  and loading. 
Also, methods w i l l  be s t u d i e d  f o r  keeping t h e  f o r e s t  f l o o r  d e b r i s  a t  t h e  l e a s t  . ,  

hazardous l e v e l  c o n s i s t e n t  w i t h  good e c o l o g i c a l  p r a c t i c e  and a minimum of  burning. 
Where appropr i a t e ,  r e s u l t s  from Grant AP 00568, wherein t h e  chemical process  of  
combustion i s  being s t u d i e d  w i t h  t h e  a i m  of reducing harmful p o l l u t a n t s ,  w i l l  be 
app l i ed  t o  t h e  burning s i t u a t i o n s  o f  the p r e s e n t  proposal .  
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RESEARCH SUPPORT 
. .  

List all o ther  research suppor t  of t h e  principal Training Grants  Include support for this prcpject 
invcstigntor. including rcqucsts now being considered rcceivcd f r o m  own orgsniznticln. A m < , u n t s  shown 
as w e l l  as a n y  p r o p o s a l s  w h i c h  t h e  p r i n c i p a l  should re f lec t  total f u n d s  nw;trdud or pcnding 
investigator plans to submi t  to t h e  Public Health over. thc entire grsnt periods indicatcd in ' thc f i n d  
Service or o the r  gran t ing  agcncies, rcgnrdless of column. 
relevitnee to this npplicntion 

To he included also are current or pending contracts,' 
Fellowship Awards, Research Career Awards, and 

" . 
' Use bl:ink eontinuntion pages, if newswry, 2nd f r , l l c y  ,, 

the snme format. 

... TOTAL PERIOD 
TOTAL 

AMOUNT 
OH PPOECT WITH D I T t S  

E R C W  . .  

OF sworn 11TLt Of noltcl TlMlllFrOIT 
GKANl MMlU 
Uf drds-led) ' 

~ . .  7 

Ill ACllVt  01 APWOVW . . . . . . .  . . I  
. .  . .  . . .  . .  

.... 191,527 'Sept. 1967 
. . .  Aug. 1970 

.lo . 139,161. Feb. -1967 
Jan. 1970 

UI 00535 . Noncombustive.disposa1 of solid 20 200,190 Feb. 1967 
. .  Jan. 1970 

AP.00272' Effect of dusts on vegetation 10 
. .  

. .  
. . .  . . .  . .  

AP 00568 '' Characterization of smoke from 
cellulosic fuels 

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

. . . .  . . 'agricultural wastes 
. .  . .  . . .  

. .  I 
. .  

. .  ' . .  ..... , .  

. .  
. .  

. .  . .  
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Renewal, of AP 00568 -,Characterization of smoke from cellulosic fuels 
. . .  

.' ,,Renewal',of UI 0'0535 - Noncombustive disposal of solid agricultural 'wastes 
. . . .  . . . .  . .  I S  

. .  

B. ALL OTHER RESEARCH SUPPORT 
. .  

TOTAL T O T N  P&D SOULCE AND ERCE? 
O F  SUSPOPI AMOUNT 1IMtltFrOPl PROltCl NO. . ' ~ .  'nru or PIOEcl 

Ul dcdz-8cdI ON monci WllH D A T U  

s . .  11) ACl IV l  01 U P E O V W  . .  
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THROUGH 

- 
DETAILED BUDGET F O E I R S T  12-MONTH PERIOD I 

(DIRECT COSTS ONLY) ' .  I January 1 ,  1970' 1 December 31, 197(1 

, 
IUPPLIB I I 

Calibi-ation gases. glassware, filter paper etc. 3 .ooo 
I 
I 

I 1 
. . . .  . 

. .  . 



BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED FROM PUBLIC HEALTH SERVICE 
(DIRECT COSTS ONLY - OMIT CENTS) 

I n  PERIOD ADDITIONAL YE I D S a I P l l O U  [SAME AS DC 
TAILED IUDGm 1HD Y E M  

3,000 I 
1 3,000 I 3,000 Wrwn 

COHRnC I 9 , 5 0 0  1 $$,500 
Rxom I 1 

TOTAL FOR ENTIRE PROPOSED PROJEtr PERIOD lama 01 Pas. l. IC- 4 - I a?/ 
Justification for IBM equipment year.01: 

IBM 1070 Process Comunication System 
1071 Terminal Control Model 2 $5,860 

Line adapter 390 
1072 Terminal Multiplexer Model 1 390 
(2) I/O Switching Modules 4663 ' 360 

Analog-to-digital converter 1262 2,100 

9,100 ( x nd fr IC ided) 
We believe the purchase of this system is justified for the following reasons: 

1,. 
2 .  

Save considerable time and give results very'shortly after fire.is ..conducted. 
Less cost over a three year period. 
presently is $10.00 per fire. 
per year. 

We estimate that the hand work'involved 
Eight fires per week would cost about $4000 

. .  . .  . .  
. .  

~ P "  
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Darley, E l l i s  F .  P l a n t  P a t h o l o g i s t  nov. 2 ,  1915 
Act oi ~ l l m  Cw, Starc, Counird P R t S t N I  NAl IONALI l I  111 -0m4I.S. nilim. 1ndlc.i. YIM I SU 

Colorado 'S ta te  Univers i ty ,  F o r t  C o l l i n s ,  Colorado 

Univers i ty  of  Minnesota, S t .  Paul ,  Minnesota 

IONORS 

CONifRPlD D t G l t t  

B.S. 1938 

Ph. D. 1945 

Guggenheim Fellow, 1963-64 
Fu lb r i ah t  Travel  Grant ,  1963-64 - 
E d i t o r i a l  Board, A i r  and Water P o l l u t i o n  63-66, Assoc Fd.Atmos Environ. 1966-todat 

L U O R  RESURCH INltRiSl 

. I d e n t i f i c a t i o n  and e f f e c t s  of a i r  p o l l u t a n t s  oh p l a n t s ;  atmospheric a n a l y s i s ;  
a g r i c u l t u r a l  opera t ions  a s  a source of  a i r  p o l l u t i o n ;  fungus r o o t  d i s e a s e s  of 
orchard .  crops.  

P r i n c i p a l  I n v e s t i g a t o r  - Analysis  of e f f l u e n t s  from burning var ious  p l a n t  wastes.  
:U*lIONSHIP 10 PROPOSW ePOliCT 

.. . .iSiARCH ANDIOS WOTISIIONAL IXPIRIINCL , ISmn d t h  prr8.m poiiilani Ust ALL .xp"knc= r c k - m m  LD proCm.1 , . . .  

1949 - d a t e  Successively A s s i s t a n t  P l a n t  P a t h o l o g i s t ,  Associate  P lan t  Pa thologis  
and P l a n t  P a t h o l o g i s t ,  Un ive r s i ty  of  C a l i f o r n i a ,  Rivers ide  

The a p p l i c a n t  i s  p r e s e n t l y  engaged i n  r e sea rch  on t h e  e f f e c t s  of i n d u s t r i a l  
p o l l u t a n t  d u s t s  on vege ta t ion .  He has  spen t  a number of years  on r e sea rch  on the  
i d e n t i f i c a t i o n  of phyto toxicants  i n  photochemical a i r  p o l l u t i o n  and of t h e i r  
e f f e c t s  on vege ta t ion .  He has  r e c e n t l y  publ ished r e s u l t s  of an i n v e s t i g a t i o n  on 
t h e  p o l l u t a n t  c o n t r i b u t i o n s  of burning of s o l i d  a g r i c u l t u r a l  wastes .  
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. .  ..' 

Biswell ,  Harold H. Professor  of F o r e s t r y  

Faye t t e ,  Missouri  U. S .  Ci t i zen  

. .  

Education 

Cent ra l  Col lege,  Faye t t e ,  Mo. 

Universi.ty of Nebraska, Lincoln,  Neb. 

,Universi ty  of Nebraska, Lincoln,  Neb. 

November 8 ,  1905 

. Male . . 
. .  . 

. .  

A:B . 1930 

M.A. 1932 

Ph.D. 1934 

Honors' 

Fu lb r igh t  Award, 1961-62 
Guggenheim Fellow, 2 months i n  1961 and 2 months i n  1962 
Special  Award f o r  Outstanding Serv ice  from C a l i f .  Wool. Growers Assoc., 1964' 
Dist inguished Serv ice  Award, Arizona Resources CommittLe, 1966 

Research I n t e r e s t  

Eco log ica l ' u se  of f i r e  f o r  f o r e s t  land management; range management. 

Rela t ionship  t o  P r o i e c t  

Co-investigator--conduct.field s t u d i e s  on burning var ious  f o r e s t  wastes  and on t h e  
eco log ica l  consequences of such burning. 

Research and/or Profess iona l  Experience 

1947-date Successively Assoc ia te  Professor  and Professor  of Fo res t ry  

1940-47 P r i n c i p a l  Ecologis t ,  Southeastern F o r e s t  Experiment S t a t i o n ,  
Ashev i l l e ,  N . C .  

1934-40 Range Ecologis t , '  P a c i f i c  Southwest Fo res t  and..Range Experiment S t a t i o n ,  

. .. 
Berkeley, Ca 1 i f o r n i a  

The app l i can t  i s p r e s e n t l y ' e n g a g e d  i n  teaching  and r e sea rch  i n  t h e  u s e  of f i r e  i n  
range,  w i l d l i f e  and f o r e s t  management. 
h i s  t i m e  t o  r e sea rch  on t h e  use of  f i r e  f o r  improvement of f o r e s t  . lands.  .. 

For some 28 yea r s  he has devoted much of 

. .  

. .  . .  . .  is-398 (REV.  6-641 Poge 7 ' . 
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Abraham Broido Research Assoc ia te  

Cherkassi ,  R u s s i a  U.  S. C i t i z e n  

~ . . .  i .  , 

Education 

Univers i ty  of Chicago, Chicago, I l l i n o i s  

Univers i ty  of C a l i f o r n i a ,  Berkeley 

.. 
. .  . .  

, .  . 

9/12/24 . ' 

Ma l e  

B.S. 1943 

Ph.D. 1950 

. .  
. .  . ,  

Major Research I n t e r e s t  

Chemistry of .  f i r e  behavior 

Rela t ionship  t o  Proposed P ro jec t  

Co-invest igator  

Research and/or P ro fes s iona l  Experience 

1959-date 

. .  

. .  

Pioneering Research Spec ia l . i s t  (phys i ca l  chemistry)  P a c i f i c  Southwest 
Fo res t  & Range Experiment S t a t i o n ,  Fpresr  Service,  USDA'. 

Consul tant ,  Un ive r s i ty  of C a l i f .  I n s t .  of Engineering Research; Research 
Assoc ia te ,  Univers i ty  of  C a l i f .  Dept of '  I n d u s t r i a l  Engineering; Research 
Assoc ia te ,  Univers i ty  of  C a l i f .  Statewide A i r  P o l l u t i o n  Research Center; 
Oonsul tant ,  U.S. Naval Radio logica l  Defense Laboratory.  

CurreAtly 

1964-65 G u e s t  s c i en t i s t  i n  Dept. of Organic  Chemistry, Hebrew Univers i ty  of 
Jerusalem, I s r a e l  

1956-59 C h e m i s t ,  C a l i f o r n i a  F o r e s t  & Range Exp. S t a t i o n ,  Fo res t  Serv ice ,  USDA 

1950-56 Chemist ( r a d i o l o g i c a l ) ,  Head, Thermal Radiat ion Branch (9/51-7/53) 
U.S. Naval Radio logica l  Defense Laboratory. .  . 

Teaching and Research A s s i s t a n t ,  College of Chemistry and Radiat ion Lab. 
Un ive r s i ty  of C a l i f . ,  Berkeley 

. . .  
1948-50 

1946-48 Research Chemist, Cl in ton  Labora tor ies ,  Monsanto Chemical Co ( l a t e r  Oak 
' Ridge National, Laboratory) 

1943-46 Research A s s i s t a n t ,  Research Chemist, Me ta l lu rg ica l  Labora tor ies ,  
Un ive r s i ty  of Chicago ( l a t e r  Argonne Nat ional  Laboratory) 

. .  . . .  . .  

. .  . .  . . .  
. .  ns.398 IREV.  6-641 ~ . p a g c  a .  . .  . .  . . .  
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Green, L i s l e  R. Fuel-Break P r o j e c t  Leader November 18,. 1918 

Ogden, Utah 
. . . . . .  . . . .  . . . . . . . . .  . .  

. .  
Male 

. .  
U.,  S. C i t i zen  

.... 
. .  

........ . . . . . . . .  .* ...... :... .1. . .  L ,  . i .......... .,?: ..:..; 
. . ;-, . ,. : . . 

. .  
. .  . . .  . , .  .... i . . . . . . . .  - .. 

. .  .. 
Eau-ca fori. 

Utah S t a t e  Un ive r s i ty ,  Loga3 Utah B.S. 1941 

- ,- - 

. . _  

.- 

. . .  
Utah S t a t e  Un ive r s i ty ,  Logan, Utah 
. . . . . . .  . . . . . . .  . . . . . .  . . . . . .  . .  - 

M.S. 1948 

. .  . . .  ..... Hon'ors . . . . .  I L i..:~.: I.: . . .  : . . . . . . . . . . . . . . . .  . .  

Phi Kappi Ph i  

. .  . . -  . .  

. .  

. .  
. .  . .  

. .  X i  .Sigma ' P i  . .  
. ,  

Maior Research I n t e r e s t  

Fue l ' haza rd  r educ t ion  i n  brush and mixed c o n i f e r  types 

Rela t ionship  t o  Proposed P ro jec t  

Co- inves t iga tor . '  Assist i n  planning,  conduct ing,  and eva lua t ing  p resc r ibed  
- .wi ld land  burns.  

Research and/or P ro fes s iona l  Experience 

.l. Sinke 1960, a s  l eade r  of t h e  Fuel-Break P r o j e c t ,  P a c i f i c  'Southwest Fo res t  and 
Range Experiment S t a t i o n ,  U.S. Fo res t  Se rv ice ,  t h e  app l i can t  has been developin: 

He has been s tudying  t h e  use of  f i r e  t o  c o n s t r u c t  and main ta in  fuel-break,  f o r  4 
yea r s  i n  the c e n t r a l  S i e r r a  Nevadas; has been involved f o r  2 yea r s  i n  u s e  o f '  
f i r e  and he rb ic ides  t o  e l imina te  b r u s h f i e l d s  f o r  timber p l an t ing ,  and helping 
wotk o u t  techniques f o r  b e t t e r  use of  f i r e  i n  burning c l e a r c u t  blocks i n  t h e  '. 

Douglas-fir  timber type. 

Between.1955 and 1960, he  taught  range management a t  Ca l i fo rn ia  S t a t e  Poly- 
technic  College,  San Luis Obispo, C a l i f o r n i a .  

. ,  tecnqiques f o r  brush-to-grass  conversion,  o r  t o  o the r  acceptab le  ground cover. 

_ .  

. .  
2..  

. .  

3 .  The app l i can t  worked a s  a range c o n s e r v a t i o n i s t  a t  the  Fores t  Se rv ice ' s  San 
Joaquin Experlmental  Range, Coarsegold,  Madera County;, between 1948 and 1954. 

- This  was a per iod of development of  t h e  rancher  con t ro l  burn program, and he 
pa r , t i c ipa t ed  i n  50 t o  60 p resc r ibed  burns a s  observer ,  f i r e f i g h t e r ,  and 
' r ep resen ta t ive  of t h e  Experimental  Range. 

reseeding;  'follow-up. chemical- t rea tment ,  and management. 

A t  the  Experimental Range, he 
-' worKed o u t  a: recommended p rogram 'ca l l i ng  ' for  advance p repa ra t ion ,  burning, 

. . . . . . .  .... . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . .  ... ..... :.: .. . . . . . . . .  
. ,  

. .  

_ _  . . . . . . . . . . . . .  . . .  
' I  - .  _1 - 

ThW@xperCence b r a c k e t s  : theytypes'  o f 'p rescr - ibed '  burn'ing t h a t  w i l l  be: done i n  t h i s  
p r o j e c t .  . .  

. . .  

. i .  . .  . .  

. . .  

. . .  . .  
. .  

. .  

. .  . ~. 
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Palmer, Thomas Y. P r o j e c t  Leader, P r o j e c t  Flambeau ' Sept .  11, 1924 
. .  . .  

Kiowa, Kansas U. S .  Ci t i zen  
-. 

Education 

S t .  Louis Un ive r s i ty ,  S t .  Louis,  Missouri  

Univers i ty  of Washington, S e a t t l e ,  Washington 

Honors 

Associate  Fellow A I A A  
Post Member A I A A  Committee on Atmospheric Environment 

Major Research I n t e r e s t  

Physical  mechanisms of mass f i r e s  I 

1 ,  

Rela t ionship  t o  Proposed P r o i e c t  

Male . .., . . ,. , ..: 

B. S .  1950 

M.  S. 1961 

Co- inves t iga tor .  Assist i n  planning and a n a l y s i s  of prescr ibed  f i r e s .  

Research and/or  P ro fes s iona l  Experience 

1. Since December 1957, l eade r  of P r o j e c t  Flambeau. 

2. 
' 

Since 1956 the  app l i can t  has been a c t i v e  i n  ins t rumenta t ion ,  aeroso' l  behavior 
a n d . i n t e n s i v e  convect ive a c t i v i t y  i n  t h e  atmosphere. From 1962 t o  1967 a s  a 
Research S p e c i a l i s t  wi th  the  Boeing Co., he developed hydrodynamic models of 
convect ion;  s tud ied  a e r o s o l  behavior and remote sensing techniques.  From 1961  
t o  1962 he was a branch Chief i n  charge of  ins t rumenta t ion  development a t  A i r  
Force Cambridge Research Labora tor ies .  
Member of Sandia Corporation s tudying  ins t rumenta t ion  and meteorological  e f f e c t s  
of nuc lear  weapons. He i s  holder  of p a t e n t s  i n  remote sens ing  of atmosphere 
contaminants and ae roso l  genera t ing  equipment. 

From 1956 to  1959 he was a S t a f f  

3 .  ' From 1959 t o  1961 he s t u d i e d  and taught  Meteorology a t  the  Univers i ty  of 
Washington. 

4. The a p p l i c a n t  has  worked f o r  11 yea r s  i n  t h e  f i e l d s  of convect ive phenomena, 
ins t rumenta t ion  and a e r o s o l  behavior and d i f f u s i o n .  This experience w i l l  be 
of  va lue  i n  planning methods of sampling f i r e  behavior and d i spe r s ion  and 
atmospheric d i l u t i o n  of gaseous and p a r t i c u l a t e  combustion products .  



Biographical  Sketches - 

Stephens, Edgar R .  .Research Chemist 
. ,  ~. .. I . ~ ' . <  , ' . . .  , . . _  . ' . .  :. ~ . .. . .  .. .. 

Det ro i t ,  Michigan U. S .  C i t i z e n  

Education 

C a r n e g i e . I n s t i t u t e  of  Technology, P i t t sbu rgh ,  PA 

Princeto'n Un ive r s i ty ,  Pr ince ton , ,  New Je r sey  

Princeton Un ive r s i ty ,  P r ince ton ,  New Je r sey  

August 26, -1924 . .  
, . . . ,  .;..:::..,::.. * ' ! '  

.. . 
" Male' 

B.S. 1945 

M.A. 1949 

Ph.D.' 1951 

Maior Research I n t e r e s t  

Basic s tu 'dies  i n  photochemistry,  atmospheric r e a c t i o n s  i n  a i r  p o l l u t i o n ,  au to  
exhaust emissions,  spectroscopy 

Rela t ionshio  t o  Proposed P r o j e c t  

Co-Invest igator  

I 
1 ,  

Research and/or P ro fes s iona l  Experience 

1963-date Un ive r s i ty  of  C a l i f o r n i a ,  R ive r s ide ,  Research Chemist 
1959-1963 Univers i ty  of C a l i f o r n i a ,  R ive r s ide ,  Research Associate  

S c o t t  Research Labs., I n c . ,  Pe rkas i e ,  Pennsylvania 
1950-1959 Frankl in  I n s t .  Labs., Ph i l ade lph ia ,  PA., Senior S t a f f  Chemist 
1945-1947 Shawingan Resins Corporat ion,  S p r i n g f i e l d ,  Massachusetts,  Research Chemir 

For t h e  pas t  10 yea r s  h i s  s t u d i e s  have been concerned with the  photochemistry of 
a i r  p o l l u t i o n .  He was t h e  f i r s t  t o  des ign ,  b u i l d ,  and ga the r  d a t a  from long 
pa th  i n f r a r e d  spectroscopy.  He was the  d i scove re r  of peroxyacyl n i t r a t e s  i n  
po l lu t ed  atmospheres which have s i n c e  been proven t o  be major components f o r  
p l a n t  damage and eye i r r i t a t i o n .  
which the  age of  t h e  photochemical p o l l u t i o n  cloud can be determined by comparing 
r e a c t i v i t i e s  of s p e c i f i c  hydrocarbon compounds. 

He has  a l s o  s tud ied  and worked out  a means by 

._ 

. .  . .  . .  
15-398 IREV.  6-64) Poqe 1 ! . .  
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A. . In t roduc t ion  and s p e c i f i c  aims. 

.Prescr ibed  f i r e ,  t h e  c o n t r o l l e d  open burning under s p e c i f i e d  weather and f u e l  
condi t ions ,  on f o r e s t  and a g r i c u l t u r a l  lands has-been  .and i s  becoming an increasing1 
important f a c t o r  a s  a r a p i d  and r e l a t i v e l y  inexpensive method of r idd ing . such  lands 
of unwanted p l a n t  m a t e r i a l s .  . .  . .  , 

.... 
I n  pub l i c  and p r i v a t e  f o r e s t  l ands  t h e  o b j e c t i v e  i s  t o  reduce f i r e  hazard and th  

t h r e a t  of c a t a s t r o p h i c  w i l d  f i r e s ,  main ta in  favored p l an t  spec ie s  and, i n  many cases  
e f f e c t  b e t t e r  r e c r e a t i o n a l  use.  Prescr ibed  f i r e  has become an i n t e g r a l  p a r t  of 
f o r e s t  management.and p ro tec t ion .  In  the  West s l a s h  r e s u l t i n g  from logging opera- 
t i o n s  i s  a p r i n c i p a l  con t r ibu to r  t o  major w i l d f i r e s  i n  the  f o r e s t .  Prescr ibed  f i r e  
reduces t h e  concent ra t ions  of  such s l a s h , a n d  thereby reduces the f i r e  hazard.  A t  a 
recent  meeting of r e sea rche r s  working on p o l l u t i o n  from f i r e s  and U.S. Fo res t  Servic  
o f f i c i a l s ,  i t  was s t a t e d  t h a t  one of the most p re s s ing  problems was t h a t  of maintain 
ing an acceptab le  balance between t h e  use of f i r e  and po l lu t ion  of the  atmosphere. 
Some 2,919,000 a c r e s  of f o r e s t  l ands  a r e  burned annualy i n  the  U.S .  About'9% of t h i  
is i n  the .West ,  the  remainder i n ' t h e  East. B u t  because of the  heavier  loading per  
a c r e . i n  t h e  West (80 tons  versus  16 t o n s ' i n  t h e  East)  about one- th i rd  o f  the t o t a l  
-age burned occurs  i n  the  West: . 

. .  

On a g r i c u l t u r a l  l ands ,  t h e  o b j e c t i v e  i s  t o  d ispose  of t h e  p l a n t  d e b r i s  of farmin 
The' problem of a i r  p o l l u t i o n  f r o  operat ions a s  qu ick ly  and e f f i c i e n t l y  a s  poss ib l e .  

such opera t ions  is accentuated because such opevat ions a re '  u sua l ly  c l o s e r  to  u rban  
a reas .  

A s  more a t t e n t i o n  is given t o  a l l  sources  of  a i r  p o l l u t i o n  i n  the  n a t i o n a l  e f f o r  
t o  improve a i r  q u a l i t y ,  i t  i s  important t o  know t h e  r e l a t i v e  con t r ibu t ions  of such 
burning. O f  the two ope ra t ions ,  t h e  f o r e s t  i s  l e a s t  amenable t o  a l t e r n a t e  meth'ods 
of d i sposa l ;  var ious  a l t e r n a t i v e  methods a r e  being s tud ied  f o r  some types of a g r i c u l  
t u r a l  p r a c t i c e s .  - B u t  u n t i l  the  f e a s i b i l i t y  of such methods is determined and becaus 
f i r e  w i l l  be used i n  t h e  i n t e r v a l ,  perhaps even i n  conjunct ion wi th  o t h e r  methods, 
nore needs t o  be known about  t h e  p o l l u t a n t  c o n t r i b u t i o n s  of c o n t r o l l e d  open burning 
and how p o l l u t i o n  might be reduced by modifying burning methods. 

Some d a t a  have been publ ished r e c e n t l y  by t h e  app l i can t  i n s t i t u t i o n  showing the  
y ie ld  of  s e v e r a l  gases  which p a r t i c i p a t e  i n  photochemical p o l l u t i o n  when a g r i c u l t u r a  
vas tes  a r e  burned. The t e s t s  included f r u i t  t r e e  prunings,  g r a i n  s tubb le  and var iou  
p l an t s  from range lands ad jacen t  t o  pub l i c  f o r e s t s .  These s t u d i e s  need t o  be expand 
and conducted i n . g r e a t e r  d e t a i l .  B u t  we know of no publ ished work on the  p o l l u t a n t  
e f f l u e n t s  from opening burning of undes i r ab le  t r e e  spec ie s  and the  accumulated d e b r i  
inder  va r ious  types of f o r e s t  cover .  Therefore  t h e  s p e c i f i c  ob jec t ives  of  t h i s  
p ro jec t  a r e :  

" 1. 
i n  t h e  "burning tower" a t  Rivers ide  t o  f u r t h e r  eva lua te  the  s i m i l a r i t y  of the  
appara tus  .w i th  open burning s i t u a t i o n s .  Prel iminary observatio,ns i n d i c a t e  t h a t  
t h e  tower s imula tes  open burning,  bu t  confirming da ta  a r e  lack ing .  

2 .  .Conduct prescr ibed  burning t e s t s  on experimental  p l o t s  i n  var ious  f o r e s t '  
types  t o  determine:  a )  smoke product ion i n  r e l a t i o n  t o  burning r a t e  and weight 
of  f u e l  consumed under vary ing  cond i t ions  of weather and f u e l  moisture. ,  b )  a l t e r  
a t i o n s  ' i n  smoke when the  f u e l  has been p r e t r e a t e d  with he rb ic ides  o r  var ious  , 
combustion modifying chemicals,  and c )  fo l low t h e  subsequent eco log ica l  changes 
i n . t h e  s e v e r a l  f o r e s t  types i n  r e l a t i o n  t o  given b u r n i n g  p r a c t i c e s .  

I n  cooperat ion with' f i r e  s c i e n t i s t s  of t he 'U .S . .Fo res t  Serv ice ,  conduct tes t  

. .  

t . ~  

':. 
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3 .  Col l ec t  t h e  same f o r e s t  f u e l s  f o r  t e s t s  a t  Rivers ide  under s imulated open 
burning condi t ions  t o  determine weight of gaseous and p a r t i c u l a t e  emissions per  
ton of f u e l  burned and the  e f f e c t  of f u e l  loading and moisture  on emissions.  

4 .  Expand t h e  p re sen t  : ::rent program of burning var ious  a g r i c u l t u r a l  wastes  t o  
. .  . .  . determine gaseous and p a r t i c u l a t e  p o l l u t a n t s .  . .  

6 . .  Methods.of procedure 

The p r o j e c t  w i l l  be c a r r i e d  out  i n  two p a r t s :  1) f i e l d s u d i e s  on the .Un ive r s i ty -  
jwned Whitaker 's  Fo res t  (ad jacent  t o  Sequoia Nat ional  Park j  and on one or  more 
p r iva t e ly  owned f o r e s t  s i t e s ,  and 2 )  l abo ra to ry  s t u d i e s  i n  Rivers ide ,  p r i n c i p a l l y  on 
the campus' of the Un ive r s i ty ,  and occas iona l ly  i n  t h e  ad jacent  f a c i l i t i e s  of the  
J.S.  Fores t  Serv ice  F i r e  Laboratory.  

F i e l d  S tudies  - Most of t h e  prescr ibed  burning w i l l  be done on t h e  Whitaker 's  
Forest  c o n s i s t i n g  of some 300 a c r e s  s i t u a t e d  near  Sequoia National Park and owned by 
t h e  University ' .  S tudies  have been underway here '  f o r  some time i n  an e f f o r t  t o  l ea rn  
iow t o  manage t h e  f o r e s t , t o  preserve  and enhance t h e  g i an t  redwoods. The following 
procqdures f o r  f i e l d  burning w i l l  be used. 

1. ' C u t  understory t r e e s  dur ing  the  supmer and f a l l  months, l e t t i n g  them dry 
,efore  being burned. .This  w i l l  be done because observat ions have shown t h a t ' g r e e n  
n a t e r i a l s  burn wi th  much v i s i b l e  smoke product'ion. .i 

:. 
types t o  h e l p  determine the  weather and f u e l  condi t ions  necessary f o r  prescr ibed  
iurn ing  with the  l e a s t  smoke product ion.  On Whitaker 's  Fo res t  t h e r e  a r e  f i v e  p r i n c i -  
?a1 f u e l s :  d e b r i s  produced by g i a n t  sequoia ,  ponderosa p ine ,  white  f i r ,  incense- 
:edar, and bear  c love r  draped with ponderosa p ine  needles .  These f u e l s  have d i f f e r e r  
i u r n a b i l i t y  l e v e l s .  Probably a dozen o r  more t e s t s  w i l l  be made i n  each f u e l  type 
to e s t a b l i s h  t h e  des i r ed  r e l a t i o n s h i p  between weather and f u e l  condi t ions  and f i r e  
spread. This  work w i l l  be done on p l o t s  vary ing  i n  s i z e  from 6.6 x 6 .6  f e e t  up t o  
!O a c r e s .  
Zstabl ished.  

2. F i r e s  w i l l  b e  se t  under progressively.  d r i e r  'conditions and i n  d i f f e r e n t  f u e l  

Tes ts  w i l l  be made each year  u n t i l  satisfactory'relationships a r e  

3.  .Two common burning methods w i l i  be t e s t e d  f o r  t h e i r  smoke product ion.  F i r s t ,  
in very heavy f u e l s ,  t h e  dead m a t e r i a l  and small  understory t r e e s  w i l l  be c u t ,  p i l e d ,  
md burned. Second, f i r e  l i n e s  w i l l  be prepared and f i r e s  w i l l  be set  on t h e  edges. 
if the  a rea  t o  b e  burned, l e t t i n g  the f i r e  spread through the  f u e l  under t h e  l a r g e r  
:rop t r e e s .  Most burning w i l l  be done i n  February,  March, A p r i l  and May when t h e  
ianger of w i l d f i r e  i s  a t  a low l e v e l . .  

' . 4 .  Atmospheric samples f o r  p a r t i c u l a t e  and hydrocarbons w i l l  be taken during 
given f i r e s .  Whereas i t  is  expected t h a t  50 to75 f i r e s  w i l l  be conducted i n  any one 
;eason, perhaps not  everyone w i l l  b e  sampled. A t  .the l e a s t  we would make dup l i ca t e  
;amples from each f u e l  type a t  h igh ,  medium and low f u e l  moisture  condi t ions .  More 
;amples would be taken a s  cond i t ions  permi t .  

For p a r t i c u l a t e  sampling w e  would expect  t o  use the  Gelman Bat te ry  A i r  Sam- 
)ler employing a carbon vane pump, 47 mm g l a s s  f i b e r  f i l t e r  i n  a s u i t a b l e   holder,^ 
md a.  5-20 '.GM flow meter .  The maximum sampling r a t e  .of t h i s  un'it.may o r  may not  
)rove t o  be s u f f i c i e n t l y  high.  Another compact instrument i s  Gelman's Hurricane A i r  
;ampler which employs a 4 inch  f i l t e r  and a i r  flows up t o  225 CFM, but  i s  l e s s  por- 
:able because .it r e q u i r e s  s tandard  power sources .  
) o s s i b i l i t y  of p u t t i n g  toge the r  a u n i t . t h a t  i s  b a t t e r y  opera ted ,  us ing  a 4 inch 

The'company i s  looking i n t o  the' 

. .  . .  . .  
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. .  . 
f i l t e r  wi th  a i r  f lows of  approximately 10 CFM which might be adequate f o r  s h o r t  
sampling per iods  of 10 t o  20 minutes .  . .  

With p o r t a b l e  equipment as o u t l i n e d ,  we would expect t o  take  samples down- 
wind from a given f i r e  making comparisons i n  weight of p a r t i c u l a t e  c o l l e c t e d  a t  
given flow r a t e s  and t i m e  when walking back and f o r t h  p a r a l l e l  t o  t h e  f i r e  1,ine i n  
un - i foh  smoke d e n s i t i e s  a t  two o r  more d i s t a n c e s  from the  f i r e  l i n e .  It i s  poss ib l e  
t o  determine weight of f u e l  burned; it may, t h e r e f o r e ,  be poss ib l e  t o  come.up wi th  ." 

some q u a n t i t a t i v e  d a t a ,  a l though they may be q u i t e  rough. 
cooperat ion wi th  NAPCA grantees  i n  Oregon and Washington and would d i scuss  our 
r e s u l t s  wi th  them i n  order  t o  e f f e c t  any modi f ica t ions  t h a t  might improve t h e  system: 

We a l ready  work i n  c l o s e  

Gas samples f o r  hydrocarbon a n a l y s i s  w i l l  be c o l l e c t e d  i n  300 m l  gas sample 
b o t t l e s  a t  t h e  same t i m e  p a r t i c u l a t e  samples a r e  taken. By us ing  s p l i t  a i r  flow 
l i n e s  and s u i t a b l e  s topcocks,  the  same pump would be used f o r  both systems. 
d e s i r a b l e ,  simultaneous gas samples can be t a k e n , a t  o t h e r  po r t ions  of t h e  f i r e  by 
drawing the  sample through a b o t t l e  by means of a hand squeeze bulb.  The samples 
w i l l  be t r anspor t ed  t o  R ive r s ide  and analyzed on gas chromatographs which d i s t ingu i s l  
23 d i f f e r e n t  hydrocarbons,  most of them being o l e f i n s .  Gas chromatographic,techniqut 
have been 'developed a t  Rivers ide  t h a t  permit ana lyses  of .hydrocarbons from grab 
samples i n  t h e  par . ts  per b i l l i o n  range.  The sys t em was r e c e n t l y  t e s t e d  and proven 
s a t i s f a c t o r y  wi th  samples taken from a p re sc r ibed  f i r e  conducted by t h e  U.S. Fo res t  
Service F i r e  Lab. i n  a brush f u e l  e a s t  of Rivers ide .  While t h e  r e s u l t s  a r e  expressel 
i n  p a r t s  per  b i l l i o n  i n  the  sample, i t  w i l l  n o t  be posslible t o  determine y i e l d s  of 
hydrocarbon p e r .  ton of f u e l  burned because w e  w j l l  no t  know t o t a l  a i r  flow i n t o  t h e  
f i r e .  We w i l l  know t h e  kinds of hydrocarbons and their  r a t i o  which can be compared 
with s i m i l a r  information being taken by our l abora to ry  and o the r  mobile u n i t s  i n  t h e  
Los 'Angeles Basin. 

I f  

5. The r a t e  of bui ldup i n  f u e l s  a f t e r  t h e  i n i t i a l  burning t reatment  w i l l  be 
determined. This  w i l l  e s t a b l i s h  minimum c o n t r o l  burning requirements i n  f i r e  
hazard reduct ion .  Needle and d e b r i s  f a l l  w i l l  be sampled and weighed and t h e  r a t e  
of i nc rease  i n  understory t r e e s  and shrubs w i l l  be measured. 
the p o s s i b i l i t y  of guiding f o r e s t  succession toward ' l e s s  hazardous types when f u e l  
manipulation f o r ' f i r e  hazard r educ t ion  w i l l  n o t  be so e s s e n t i a l .  

These s t u d i e s  p re sen t  

6.  The use of ch ippers  i s  an a l t e r n a t i v e  means of reducing f i r e  hazards with lor 
The c o s t  of  chipping and t h e  e f f e c t s  of chipped m a t e r i a l  on p l a n t  smoke product ion.  

successions w i l l  be measured and compared wi th  those of prescr ibed  burning. 
con t r ibu t ion  of chipped m a t e r i a l s  t o  f i r e  haza rds ,  t h e i r  r a t e  of decay, e f f e c t  on 
tree growth, e t c .  w i l l  be s tud ied .  

The 

' . The work crews f o r  , t h e  f i e l d ' a s p e c ' t s  of t h e  p r o j e c t - w i l l  be provided from th<  
Miramonte Conservation Camp under agreement between t h e  C a l i f o r n i a  Divis ion of  
Fores t ry  and t h e  School of  F o r e s t r y  and Conservation ..on the  Berkeley campus. 
Supervis ion of these  crews w i l l  be provided by t h e  p r o j e c t  and M r .  Benner i s  . l i s t e d  
under Personnel . fo r  t h i s  purpose. 

. .  

Whereas most of t h e  f i e l d  work w i l l ,  be conducted a t  the  Whitaker 's  f o r e s t  as 
ind ica t ed  above, t h e  Fores t  F i r e  L a b  o f t e n  conducts prescr ibed  f i r e s  i n  southern 
Ca l i fo rn ia  c l o s e r  t o  Rivers ide .  One such f i r e  was he ld  i n  the  mountains e a s t  o f .  
Rivers ide  on May 26. We s u c c e s s f u l l y  sampled t h i s  f i r e  f o r  hydrocarbons and would 
expect  t o  sample more of t h e i r  f i r e s  i n  t h e  f u t u r e .  

Laboratorv S tudies  - Most of t h e  r e sea rch  a t  Rivers ide  w i l l  be conducted i n  a !  
burning tower. 
weighing platform 8 f e e t  i n  diameter  and arranged s o  t h a t  open IS SI u l a t e d  but  
H6.398 I R E V .  6-641 Pogc 14 

This  i s  an inve r t ed  cone approximately 18 f e e t  high laced  over a Yvr in!$, 



permi t t i ng  the e f f l u e n t  t o  be channeled f o r  adequate  sampling. During t h e  burnin'g, 
a i r  flow and temperature a t  the  sample s i t e  a r e  measured cont inuously.  Also, t he re  
i s  continuous record ing  of CO, CO2 and of t o t a l  hydrocarbon expressed a s  carbon. 
From these  da t a  i t  i s  poss ib l e  t o  c a l c u l a t e  y i e l d  of CO, CO:! and hydrocar.bon i n  
pounds per  ton of f u e l  burned. Grab samples f o r  gas chromatographic a n a l y s i s  of 
some.23 ind iv idua l  s a t u r a t e d  and unsa tura ted  hydrocarbons a r e  taken a t  spec i f i ed  
ber iods:  cur:i,+,g .tbe:,f.ire:.:.? * . ~ z e  ,,e~\...,,n:~,ci.;.~ ! . -. - , ~ - .. . . , .. : ..... .. .. .,: .. i . 1 

, .  
. : .  . . .  - .  

The tower .has been modified r e c e n t l y  t o  provide  f o r  i s o k i n e t i c  sampling of  
p a r t i c u l a t e s  and f o r  continuous monitor ing o f  oxygen. The p a r t i c u l a t e s  a r e  co l l ec t ec  
on s tandard  s i z e d  high volume sampler f i l t e r  paper and weighed .  The sample nozzle  i s  
1/700 of t h e  a r e a  of t h e  tower o u t l e t  so t h a t  c a l c u l a t i o n  of the  y i e l d  of p a r t i c u l a t e  
is q u i t e  s imple s i n c e  . the flow i s  i s o k i n e t i c .  Chemical ana lyses  fol lowing the  
s tandard procedures of t h e  NAPCA l a b o r a t o r i e s  w i l l  a l s o  be made. . .  

: Techniques need t o  be developed t o  ana lyze  f o r  aromatics  and var ious  oxygenated 
compounds, which a t  t h e  p re sen t  time are not  measured. 
used i n  conjunct ion wi th  a chromatograph i s  reques ted  f o r  t h i s  purpose. D r .  E .  R. 
Stephens,  a co- inves t iga tor  on t h e  p r o j e c t ,  has  had cons iderable  experience w i t h t h i s  
technique,.  having used mass spectrometry,  t ime-of - f l igh t  spectrometry,  and long pa th  
in f r a red . spec t romet ry  f o r  the  i d e n t i f i c a t i o n ,  i s o l a t i o n  and c h a r a c t e r i z a t i o n  of the  
photochemically produced a i r  p o l l u t a n t s ,  peroxyacyl n i t r a t e s .  
techniques wi th  the  parent  hydrocarbons involved i n  photochemical r eac t ions . .  It i s  
expected t h a t  whoever f i l l s  t h e  pos i t i on  of  A s s i s t a n t  R search  Chemist w i l l  have 

of t h e  mass spectrometer  and i n t e r p r e t a t i o n  o f  k e s u l t s .  

A mass spectrometer .  t o  be 

He has a l s o  used these 

some knowledge of spectroscopy and t h a t  D r .  Stephens w i  ! 1 work with him i n  t h e  use 

I n  a d d i t i o n  t o  t ak ing  temperature a t  the  sample s i t e ,  we propose t o  determine ' 
the '  temperature i n  t h e  f i r e .  
success  wi th  t h e  Barnes i n f r a r e d  thermometer i n  record ing  flame temperatures i n  
p rescr ibed .  k i r e s .  
purchase an instrument  f o r  t h i s  purpose. 
month per iod  a Bofars rea l - t ime scanning camera be leased t o  f u r t h e r  cha rac t e r i ze  
flame temperatures on a number of f u e l s  t h a t  could be burned i n  t h a t  per iod .  

M r .  Palmer, a c o - i n v e s t i g a t o r ,  has had consider'able 

Smoke does n o t  i n t e r f e r e .  A t  h i s  suggest ion we propose t o  
It has  a l s o  been suggested t h a t  f o r  a one- 

BTU de te rmina t ions  of f u e i s  f o r  which s tandard  va lues  a r e  not  a l r eady  known w i l l  
Since we a r e  c u r r e n t l y  b e  made by t h e  F i r e  Lab us ing  t h e  s tandard  bomb color imeter .  

record ing  the  r a t e  of weight l o s s  during t h e  t e s t  f i r e s ,  and know the  f u e l  moisture  
con ten t ,  BTU c a l c u l a t i o n s  can be made e a s i l y . .  

. .  

I n  cooperat ion wi th  t h e  f i r e  s c i e n t i s t s  i n  t h e  Fores t  Serv ice  F i r e  Laboratory,  a 

Some c r i t i c s  have suggest'ed t h a t  t h e  tower is more l i k e  an i n c i n e r a t o r  
s p e c i a l  s tudy  w i l l  be made t o  f u r t h e r  . c h a r a c t e r i z e  the  "open burning" f e a t u r e s  of 
the '  tower. 
and i s  a c t u a l l y  a forced convect ion s y s t e m r a t h e r  than a f r e e  burning system. 
l iminary t e s t s  of comparing simultaneous f i r e s  i n  the.-tower and on the  ground nearby 
showed no observable  d i f f e rences .  
with-radiometry,  water  cooled anemometers, thermocouples, por tab le .weighing  platforms 
and. p re fab r i ca t ed  wooden c r i b s ,  whose f i r e  behavior i s  w e l l  known, f o r  comparing 
bumhg behavior in .  "tower" and open f i r e s .  

tilt Samples '-of: .fuels from t h e  Whitaker- f o r e s t  w i l l  be brought t o  Rivers ' ide,  burned 
and t h e  e f f l u e n t s  measured a s  noted above. 
a r e  a b l e  t o  c o l l e c t  f u e l s  and main ta in  t h e  moisture  during t r anspor t  t o  the  time they 
a re  burned.. Fue l s  a t  r e l a t i v e l y  high mois ture  level's can be c o l l e c t e d  i n  s u f f i c i e n t  
q u a n t i t i e s  t o  permit  sub-samples t o  be d r i e d  t o  the des i r ed  l e v e l  a t  Rivers ide .  Our 
s t a t i s t i c i a n  has  advised u s  t ha t .  for .  the  o b j e c t i v e s  of the s tudy ,  simple dup l i ca t e s  
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Previous experience.has .shown t h a t  we 
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a r e  s u f f i c i e n t  b u t  t h a t  we should have s u f f i c i e n t  f u e l  f o r  a t h i r d  f i r e  i n  case  theri 
i s  g r e a t , v a r i a t i o n  between t h e  two. Thus i n  one sp r ing ' s eason  we would burn dupl i -  
c a t e s  of t h e  f i v e  f u e l s  and t h r e e  mois ture  l e v e l s  f o r  a minimum of 30 f i r e s .  Since 
t h e  tower i s  out-of-doors ,  burning i s  r egu la t ed  somewhat.by weather .  
burning t o  t h e  morning hours  and do not  burn when windy o r  r a iny .  From 2-4 f i r e s  cai 

c ted .  i n  . a  morning; ,Thus-the:maximum:number of f i r e s , -du r ing  any week could 
i0';2O..,:Except. for,tlie ~ ~ & $ . . u 6 ~ s u a l  . ra iny pe r lod .  t h i s  1as t"wint~er  'and sp r ing  

(2l:inches when t h e . 6 4  year  a v e r a g e - i s  a . l i t t l e  more than 10 inches)  we can almost 
always count on a t  l e a s t  two burning:.days per  week. Thus the  minimum number of f i r e :  
would be 4-8. The Whitaker program w i l l  r u n  about 16 weeks each year  from February 
through May. With the  m i n i m u m  burning weather a t  Rivers ide  we would 
conduct a t  l e a s t  64 and perhaps 128 f i r e s ,  which i s  wel l  over the  minimum proposed 
and  thus  provide f o r  many e x t r a  f i r e s  i f  needed, and would permit an examination of 
d i f f e r e n t  loadings.  With 4 burning days per  week the  p o s s i b i l i t i e s  a r e  doubled. 
Therefore ,  i n  a d d i t i o n  ' to . . the  Whitaker f i r e s ,  we expect  t o  burn f u e l  samples sen t  t o  
u s  from the  o t h e r  two U.S .  F o r e s t  Serv ice  F i r e  Labs (Macon, Georgia, and Missoula, 
Montana) i n  o rder  t o  compare t h e i r  c o n t r o l l e d  environment combustion chamber techniqi 
with ours .  This coopera t ive  e f f o r t  i s  a l r eady  underway, f o r  w i th in  a few weeks we 
w i l l  r e ce ive  from Missoula samples of Douglas F i r  from p l o t s  which have bben prepare1 
f o r  burn ing  t h i s  summer and.  f a l l .  

We confine 

~ . . . -  :,_ *.1.__ .... ........ 

be ab le  t o  

Most a g r i c u l t u r a l  burning takes  p lace  i n  t h e  summer and f a l l  and s t u d i e s  of thest 
f u e l s  would not  i n t e r f e r e  w i t h  the Whitaker program. We have burned seve ra l  f u e l s  
t o  d a t e  b u t  t h e r e  a r e  o t h e r s  we wish t o  examine, such as c i t r u s ,  grape,  a more 
d e t a i l e d  s tudy of  r i c e  and ba r l ey ,  and perhaps 5-6 o the r  woody f u e l s .  These can b e  
a t  the t ime.of  year  when we can e a s i l y  expec t  a t  l e a s t  4 and perhaps 5 burning days 

. .  
. .  per week. . .  

Where a p p r o p r i a t e ,  t reatment  of t h e  f u e l s  with chemicals used t o  modify the.com- 
bust ion process  w i l l  be s tud ied  t o  determine the  e f f e c t  of such t rea tments  on kinds 
and amounts of e f f l u e n t .  A p re l iminary  t e s t  of- a commercial f i r e  r e t a r d a n t  w i l l ' b e  
s t a r t e d  next  week i n  cooperat ion with the  F i r e  Lab. 

A l l  s t u d i e s ' w i l l  b e  conducted i n  c l o s e  c o n s u l t a t i o n  w i t h  t h e  Ca l i fo rn ia  A i r  
Resources Board, who have d isp layed  a keen i n t e r e s t  i n  o u r  work a s  they a r e  now 
faced with the  p r o b a b i l i t y  of publ i sh ing  c r i t e r i a  and s t a n d a r d s . r e l a t e d  t o  emissions 
from f o r e s t .  and a g r i c u l t u r a l  burning. 

Data Analysis  - A t  p r e s e n t ,  d a t a  from cont inuous record ings  of a i r  flow; tempera, 

A,  key punch ope ra to r  then t r a n s f e r s  t h i s  informatiol  
t u r e ,  CO, CO2 and t o t a l  carbon a r e  t ransfer redby hand t o  appropr i a t e  forms f o r  each 
20' second i n t e r v a l  of the  f i r e .  
t o  punch ca rds  which a r e  processed by the  computer f o r  f i n a l  c a l c u l a t i o n s .  It i s  
proposed . therefore  t o  acqu i r e  an IBM 1070 Process  Communication System which can be 
nated with our  e x i s t i n g  computer and w i l l  provide f o r  d a t a . p o i n t s  t o  be taken a t  1 
second i n t e r v a l s .  This w i l l  save cons iderable  t ime,  would c o s t  l e s s  over a t h r e e  
year per iod  (we e s t ima te  t h a t  the  hand work p r e s e n t l y  involved i s  $10.00 per f i r e  o r  
a t  least.$4000;'00 per  year  f o r . a t . l e a s t  8 f i r e s /week) ,  p e r m i t  s h o r t e r  i n t e r v a l s  of 
d a t a - a c q u i s i t i o n  r e s u l t i n g  i n  g r e a t e r  accuracy,  permit examination of r e s u l t s  very 
s h o r t l y . a f t e r :  the  f i r e  i s ,  conducted, ..and e l i m i n a t e  p o s s i b i l i t y  f o r  human e r r o r .  
[a lgdat ion ..... i. . and ' ed i t i ng .  of 'data:.fr . a cqu i s i t i on  ~. : .  system w i l l  be done by modifying 

- . ,.. ' . 
. . . . . . . . . . . . . . . . . . . . . . .  . ... 

.of each s e t  & d a t a ;  . 'Since ' .we.already have . . . . . . . . .  . . . . .  
>computer program. to .  p l o t  .'the. 6 
ei-manent c u r v e ~ b e i n g  made a t .  each: instrument  r e c o r d e r - a t  t h e  t i m e  the  f i r e  i s  

m r n i n g ,  a comparison of t h i s  curve w i t h - t h a t  of the  da t a  acquired by the  sys tem can 
b e  used f o r  e d i t i n g  purposes.  

. ' ,, 

. . .  , .  . , .  
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. .  Signi f icance  of  . ,  t h i s  r e sea rch  . .  ,". . . 

'i 
t o  a i r . p o l l u t i o n  from open burning of s e v e r a l  types of p l a n t  m a t e r i a l s .  
Cooperation wi th  t h e  U.S. F o r e s t  Serv ice  and PHS p r o j e c t s  i n  Oregon and Washington, 
a s u f f i c i e n t l y  wide v a r i e t y  of f u e l s  w i l l  be burned, and r e s u l t s  compared wi th  co- 
operat ' ing l a b o r a t o r i e s ,  t o  i n d i c a t e  t h e ' r a n g e  of p o l l u t a n t  c o n t r i b u t i o n s  throughout 
t h e . p r i n c i p a 1  a r e a s  where open burning i s ' ~ p r a c t i c e d .  
information becomes more important a s  t h e  n a t i o n a l  e f f o r t  t o  s e t  r eg iona l  a i r  
q u a l i t y  c r i t e r i a  moves forward. 

D. F a c i l i t i e s  a v a i l a b l e .  

The r e s u l t s  of t h i s  p r o j e c t  w i l l ' a s s i s t  i n  determining t h e  r e l a t i v e  ' cont r ibu t ion  
Through 

The need f o r  t h i s  type of 

. .  

The l a b p r a t o r i e s  of t h e  Statewide A i r  P o l l u t i o n  Research Center a r e  a v a i l a b l e  
f o r  t h i s  project , .  These inc lude  t h e  burning tower with i t s  a n c i l l a r y  equipment and 
a gas chromatographic l abora to ry .  -The  Computing Center has an IBM 360/50 which can 
be:mated with t h e  d a t a  acqu i s i t i on . sys t em.  The University-owned Whitaker F o r e s t ,  
a 320 a c r e  a r e a  of redwood and mixed c o n i f e r s  loca ted  ad jacen t  t o  the  S i e r r a  Nationa 
Park, is a l s o  a v a i l a b l e  f o r  much of the  f i e l d  work. I n  a d d i t i o n ,  the  U.S. F o r e s t  
S e r v i c e . F i r e  Laboratory a t  Rivers ide  w i l l  be used f o r  a por t ion  of the  work. 

Major equipment i tems a t  the  Un ive r s i ty  inc lude  CO and C02 i n f r a r e d  gas analyzer  
t o t a l  carbon ana lyze r ,  temperature r eco rde r ,  a i r  flow reco rde r ,  automatic  i s o k i n e t i c  
p a r t i c u l a t e '  sampler,  e x t r a c t i o n  appara tus  f o r  h igh  volume f i l t e r  papers ,  3 gas 
chromatographs, i n f r a r e d  spectrometer  ( i n f r a c o r d ) ,  Me t t l e r  a n a l y t i c a l  balance,  and 
drying ovens. 
I 
E. Col labora t ton  

P r i n c i p a l  c o l l a b o r a t i o n  i s  wi th  the.U.'S. F o r e s t  Serv ice  F i r e  Laboratory a t  
.Riverside: .Arrangements have been made wi th  M r .  C .  C.  Wilson, Chief of  t h e  Labora- 
t 'ory, fo r , , coope ra t ive  e f f o r t s .  A s  t h i s  l abo ra to ry  i s  one of t h r e e  such i n s t a l l a -  
t i o n s  i n  tlie U . S . ,  and a l l  of them work .c lose ly  toge the r ,  w e  a r e  i n  a unique pos i -  
t i o n  of a l s o  c o l l a b o r a t i n g  with the  o the r  two u n i t s  by exchanging m a t e r i a l s  and da ta  

We w i l l .  a l s o ' e x p e c t  t o  do coopera t ive  work wi th  Dr. Adams, Washington S t a t e  

Col laborat ion between a l l  
Univers i ty ,  and Dr. Boubel, Oregon S t a t e  Un ive r s i ty .  These two i n v e s t i g a t o r s  have 
NAPCA p r o j e c t s  on p o l l u t i o n  from burning f o r e s t  s l a s h .  
agencies  noted i s  a l r e a d y  underway by v i r t u e  of  t h e  work conferences 'on  " A i r  P o l l u t i  
Aspects of Burning F o r e s t  Debris" t h a t  were he ld  i n  1967 and 1968. These conference 
were a l s o  a t tended  by NAPCA r e p r e s e n t a t i v e s .  Also some 25 g ra s s  samples have been 
burned f o r  Dr. Boubel on another  of  h i s  p r o j e c t s  f o r  purposes of comparing da ta  w i t h  

.. 
his f i e l d  s t u d i e s .  , .  

SUPPORTING DATA 

A. Previous work done i n  t h i s  f i e l d  . ,  

. .  . , .  . .  . .  

- .  

'As noted e a r l i e r , ' t h e  a p p l i c a n t  i n s t i t u t i o n  has  .already publ ished work od t h e  . .  

p o l l u t i o n  emissions from the  open burning of s e v e r a l  types.  of p l an t  ma te r i a l s .  
burning tower was developed f o r  this s tudy.  
(y ie lds  were about  one-tenth those  of au to  exhaus ts  based on weight of f u e l  burned. 
Re la t ive ly  l i t t l e ' w a s  done on e f f e c t  of  f u e l  mois ture  but  t h e  r e s u l t s  d i d  - ind ica t e  
t h a t  i nc reas ing  mois ture  increased  hydrocarbon y i e l d s .  A t  f i r s t  no e f f o r t  was made 
t o  monitor p a r t i c u l a t e s  s inc,e .  the  o b j e c t i v e  was pr imar i ly  t o  s tudy emissions relat 'ed 
t o  photochemical p o l l u t i o n .  Because smoke i s  one of t h e  primary e f f l e u n t s  from open 

The .  
The r e s u l t s  showed t h a t  hydrocarbon 

n i t o r  D a r t i c u l a t e  S .  

1 7  ~~~ ~~~~~ 

. .  
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The var ious  i n v e s t i g a t o r s  have done cons ide rab le  work on prescr ibed  burning, 
the  chemistry of the  combustion process  and on gas analyses  by spectroscopy and gas 
chromatography. 

E. F. &lev 
B. Per.sona1 Pub l i ca t ions  

. .  

Darley, E. F . ,  J. .T. Middleton, and M. J. Garber. 1960. P l an t  damage and eye 
. .  i r r i t a t i o n  from ozone-hydrocarbon r e a c t i o n s .  J. Agric.  and Food Chem. 

8: 483-485. 

S tephens , .E .  R . ,  E. F .  Darley,  0. C.  Taylor and W. E .  Sco t t .  ,1961. Photo- 
chemical r e a c t i o n  products  i n  a i r  p o l l u t i o n .  
t i o n  4:. 79-100. 

I n t e r .  J .  A i r  and Water Pol lu-  

Dar ley , ,E .  F . ,  K. A Ket tner  and E .  R. Stephens.  1963. Analysis  of Peroxvacvl .~ 
n i t r a t e , s  by gas chromatography wi th  e l e c t r o n  capture  d e t e c t i o n .  Anal. Chem. 
35: 589-591. . .  

Darley, .E., F . ,  F. R .  Burleson, E. H., Mateer,  J. T.  Middleton, and V. P. O s t e r l i .  
1966. 
po l lu t ion .  J. A i r  P o l l .  Control  Assoc. 16: 685-690. 

Cont r ibu t ion  of burning of a g r i c u l t u r a l  wastes  t o  photochemical a i r  

Darley, 'E.  F. 1969. Clean a i r  from a working f o r e s t .  Proc.  59th Western 
ForesFry Conf., San Franc isco ,  pp. 65-68. 

3. H. .Biswell  

B i s w e l l ,  H. H. 1957. The use of  f i r e ' i n  chapa r ra l  ' fo r  game h a b i t a t  improve- 
ment. Proc. SOC. Amer. For . ,  Syracuse,  N. Y . ,  pp'. 151-155. 

Bisweil ,  H. H. 1959. 'Prescr ibed burning and o t h e r  methods of deer range 
impr'ovement i n  ponderosa pine i n . C a l i f o r n i a .  Proc. SOC. Amer. Fo r . ,  San 

' .  Fradcisco ,  C a l i f . ,  pp. 102-105. 

Biswel l ,  H. H. 1963. Research i n  wi ld land  f i r e  ecology i n ' c a l i f o r n i a .  ' Proc. 
Second T a l l  Timbers F i r e  Ecology Conference, pp. 63-97. 
. ,  

Biswell ,  H. H. 1968. F o r e s t  f i r e  i n  pe r spec t ive .  Proc. S ix th  T a l l  Timbers 

. .  
F i r e  Ecology Conference ( i n  p r e s s ) .  

. .  9. B r d o  

'Bro ido ,  A. 1961. E f f e c t  of f i r e - e x t i n g u i s h i n g  agen t s  on comb.ustion of sucrose .  
. .. Science 133: 1701-02. . .  

Broido, A . ,  and F. J. Ki lze r .  1963. A c r i t i q u e  of the  p re sen t  s t a t e  of 
knowledge of t h e  mechanism of c e l l u l o s e  p y r o l y s i s .  
and Reviews 5 :  157-161. 

F i r e  Research Abs t rac ts  

K i l ze r ,  F. J . ,  and A. Broido. 1965. Specula t ions  on the  na tu re  of c e l l u l o s e  .' 
. .  

. .  .. . . .  
. py ro lys i s .  Pyrodynamics 2: 151-163. 
. .  

I . .  , 

1 Broido, A. 1966. Thermogravimetric 'and d i f f e r e n t i a l  thermal a n a l y s i s  of 
. ; potassium bicarbonate  .contaminated c e l l u l o s e .  

. .  
,. . . 

. .  . , .  
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Minn j u s t  f i n i s h e d  t h e  a n a l y s e s  o f  t h e  p ineppple  f i r e s  f o r  .., me. 10 save t ime, I w i l l  a g a i n  t y p e  this myself so a s  t o  
get, i t  i n  t h e  mail  t h i s  af ternoon---so p l e a s e  ?ardon t h e  
e r r o r s .  

Between Way 4 and 29 we r a n  20 p ine  t r a s h  f i r e s .  a t  t imes  
when t h e  humidi ty  was , gene ra l ly  above 50 percent .  But al~r15 
because : . Y.:.:. f u e l s  and/or o t h e r  c o n d i t i o n s  were not,comparable, 
ana lyses  were done on only  14 of t h e  f i r e s .  
shown on t h e  a t t a c h e d  t a b l e  and t h e  a n s l y s e s  B f  th? v a r i o u s  
f a c t o r s  f o r  t h e  v a r i a b l e s  l i s t e d  a r e  shown on t h e  accom9anging 
s h e e t s ,  one v a r i a b l e  t o  each shee t .  

. 'Lo t h e  t a b l e .  
.slope),- head f i r e s  from the  botcom, back f i r e s  f r o m  t h e  top. , . . 

f u e l  w a s  a r ranged  i n  a 47 x 41 p a t t e r n  a t  a b a s i c  a i r - d r y  
load ing  of 16  pounds. This gave a bed of 10" t o  12" deep.. hus 
t h e  f i r e s  a t  t h e  l o w  moi s tu re  c m t e n t  on a d r y  weight b a s i s  were 
burned a t  what e v e r  t he  a i r  d r y  c o n t e n t  was and then  t h o s e  a t  ihhe 
medium and h i g h  l e v e l s  had t h e  a ? p r o p r i a t e  amot!nt of  w a t e r  

allowed t o  come t o  e q u i l i b r i u m  f o ?  abox t  1 8  hours .  

The r e s u l t s  a r e  

. .  
, I  0 l h e  f i r e s  were burned  on an i n c l i n e d  p l ane  (49percent  

,./' 

?added t o  l b  pounds of f u e l  conta ined  i n  a' l a r g e  p l a s t i c  bag and 
<,*f ;!k 
. ,+= 

I+ Head and back f i r e s  on the .  same l i n e  of t h e  t a b l e  were burned .4 
on t h e  sqme day---sometimes t h e  head f i r e  f i r s t  arid sometimes 
the  b a c k . f i r e  f i r s t  ( t h e  RH g i v e s  the c l u e  t o . o r d e r  of  Burning ) 
lhus  f o r  a n a l y s e s  t h e r e  were two f i r e s  each a t  t h e  low mois ture ,  
3 each a t  t h e  medium ana,two each a t  t h e  high.  One p a i r  a t  t h e  
low and high# (is) wers  not inc luded  i n  the a n a l y s e s  because 
the  t r a s h  was h e a v i l y  covered \ v i  t h  r e d  s o i l  and ths emiss ions  
were d i f f e r e , n t .  T h i s  r e d  s o i l  stuff' waa from t h e  f i r s t s h i p m e n t  
s e n t  t o  us l a s t  w i n t e r .  

i ,  

Two more head f i r e s  (l/, 2/) were  s o r t  o f  mi s t akes  b u t  I 

I n  b o t h  o f  them t h e  moi s tu re  \vas more t h a n  
have inc luded  them so yo;? can see  what t h e  wors t  ? o s s i b l e  s i t u a t i o n  
misht be .  h m i @ d  
I wanted and the.y.. were hard  t o  i g n i t e .  in (1/) I hsd neg lec t ed  
t o  put  i n  t h e  bot tom s c r e e n  s o  t h a t  t h e r e '  was- p e r  1 v e n t i l a t i o n  

i n  b u t  t h e  humidity had dro?ped s o  d r a s t i c a l l y  t h a t  i t  is 
d i f f i c u l t  t o  s a y  what p a r t  t h e  sc reen  o r  t h e  humidi ty  
had i n  t h e  lower e n i s s i o n s .  

?der.  t h e  f u e l .  I n  (?/), burned t h e  same day, p u t  t h e  s c r e e n  



Minn d i d  a two-way a n a l y s i s  of  v a r i a n c e  and Duncan's 
H u l t i p l e  "anEe Tes t  o f  I'iean Di f f e rences ,  t o  show t h e  s i g n i f i c a n c e  
( o r  l a c k  of same) f o r  head and b a c k . f i r s s  and moi s tu re  for 
5 v a r i a b l e s .  ' R.B. was n o t  cons ide red - - - a l l  we t r i e d  t o  do 

. h e r e  was burn a t  h u m i d i t i e s  t h a t  might approach  t h o s e  found 
i n  awai i  d u r i n g  t h e  bu rn ing  season.  L 

" i t h i n  e i t h e r  th.3 5 p e r c e n t ,  1 p e r c e n t ,  o r  0.1 percen t  
l e g e l  she has  i n d i c a t e d  s i g n i f i c a n c e  w i t h  t 'he l e t t e r  system 
ivherein d i f f e r e n t  l e t t e r s  i n d i c a t e  s i g n i f i c a n c e  and same l e t t e r s  
d.3 n o t .  I won t t r y  t o  go i n t o  a d i s c u s s i o n  of  t h i s  because 
you can s e e  them for y o u r s e l f .  a u t  i n  genera1,::igh moi s tu re  
back f i r e s  a r e  n o t  t,oo much worse t h a n  low mois tu re  head f i r e s  

'Ihus if the g r o w e r ' s  have the  choice  and c o u l d  burn a g a i n s t  t h e  

w i l l ' t a k e  l o n g e r  8hd t h e  m a t e r i a l  should  be uniform i n  d e n s i t y  . 
as  p o s s i b l e  s o  a s  t o  assure t h a t  t h e  f i r e  w i l l  c a r r y .  

f o r  p a r t i c u l a t e .  " e t  head f i r e s  g e t  t o  b e  p r e t t y  bad. 

wind .they should  produce t h e  minimum of p o l l u t i o n  b u t  i t  

h e  f e a t u r e  t h a t  i s  n o t  p r e s e n t  i n  t h e s e  f i r e s '  t h a t  was i n  
t h e  e a r l i e r  f o u r  f i r e s  we burned l a s  t :winter,  i s  t h a t  the 
stumps were d r y  a d  3urned u? almost comple te ly  i n  t h e  
f i r e s .  Had t h e y  been p r e s e n t  a t  t h e  m o i s t u r e  l e v e l  a s  c o l l e c t e d  
i n  "awaii, 1 b e l i e v e  t h a t  t h e  p a r t i c u l a t e  l a a d i n g  would have 
been h igher .  Another way of say ing  t h i s  i s  t h a t  adding mois ture  
t o  t h e  f u e l s  may n o t  be t h e  saxie t h i n g  as having  wet s tumps  
i n  t h e  system. 

I want t o  g e t  t h i s  i n  t h e  a f t e r n n s n  m a i l  s o  w i l l  
s t o p  he re .  

Best r ega rds .  . -  

cc: " i m  S o u t h e r l a n d P  
uon Illendricks 

C o r d i a l l y ,  

?.S. I have enc losed  enough cop ies  o f  t h e  d a t a  so  t h a t  

P.P.S. On '"inn's s h e e t s ,  she  has  always l i s t e d  means i n  

you can g i v e  them t o  DOH end t h e  l ' inea7ple  people.  

decending o r d e r  o f  value s o  t h a t  head, back, and 
l o ,  med and h i  a r e ' n o t  always i n  t h e  same o r d e r  
from s h e e t  t o  s h e e t .  
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(head f i r e s  o n l y )  i - .. __ . __ _ _  .. . . . - - . ~~ 

)c Fuel  dus ted  h e a v i l y  w i t h  r e d  s o i l .  Uata n o t  i nc luded  i n  a n a l y s e s  
)/ Same ' f u e l  .as t hose  ana lysed  b u t  a t  a h ighe r  moi s tuse  than  in t ended  and s c r e e n  was l e f t  of; o f  t a b l e  .by m'istulce, 

9 ]. . .._C 

:,me a s  1/ bu t  s c r e e n  used. However, humidi ty  dropped d r a s t i c a l l y .  
,. . 

I 
1 

e i t h e r  zf t k s e  two f i r e s  used i n  analyse&. 

I 
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S t a t e  o f  Hawaii 
Department o f  A g r i c u l t u r e  

Honolulu, Iiaigaii fi i/J"c' / /  
January 5 ,  1973 r- 6G-d 

I To : F r e d e r i c k  C. Erskine,  WA 
Richard Phrland, OEQC 
Henri  Ninet te ,  W H  
Doak Cox, U H - X  
Ed Lui, HS?A 
Ron Terry,  PI? 

Subject :  Data Summaries from U. C. Rivers ide  Burning Tower S t u d i e s  

E l l i s  Darley had completed 17 tower burns  f o r  cane t r a s h ,  20 f o r  

r e s t r u c t u r e d  cane mat r ix  and 4 f o r  pineapple t r a s h .  

m a t t e r  i s  complete whi le  analyses  of CO, CO2 and hydrocarbons a r e  incomplete. 

Data a v a i l a b l e  has  been summarized f o r  suga r  cane  t r a s h  (Table l), cane 

Lncluding t r a s h  (Table 2 )  and pineapple (Table 3 ) .  

Data on p a r t i c u l a t e  

I' Sux3r Czne Burn S tud ie s :  

Sugar cane f i e l d  s t u d i e s  on Oahu, 20 i n d i v i d u a l  sets o f  daca,  i n d i c a t e  
c 

lerf  t ras i i  averages 13 tons  p e r  a c r e ,  9 percent  of t h e  i o t a 1  weight of  carie 

-. 

\ 
and t r a s h .  I n  t h e  tower s t u d i e s  of cane p lus  t r a s h  t h e  weish t  of l e a f  t r a s h  

averaged 11 tons  per a c r e ,  14 percent o f  t h e  total .  weight o f  cane  and t r a  

Tile q u a n t i t y  burned, i .e . ,  n e t  disappearance,  in f i e l d  s t u d i e s  was 17 tons  

a c r e  o r  12  percent  o f  t h e  i n i t i a l  load  a s  compared t o  15 tons  per a c r e  o r  

ci. r+ - percent  o f  the i n i t i a l  load i n  tower s t u d i e s .  L 

Sucar Cane Emission Values:  

These results of f i e l d  and tower s t u d i e s  ag ree  reasonabk? w e l l  for a 

range of  platform loadings.  Einission v a l u e s  f o r  normal loading  o f  t h e  tes t  e 
'\. 



i _ . .  .. , ,i .... .. " I- 
I 'j ,..: .: I . 

-%.. 1.7' 
I %.I.'' 

1 

p l n t f o m  averaged 7.12 2 . 0  l b s .  per n e t  t o n  burned. 
u 
I 

I 
PFneanp1.e Burn S tud ie s :  

F i e l d  s t u d i e s  on Oahu i n d i c a t e  36-39 percent  of t h e  t o t a l  t r r?sh 

disappears  during a burn. E a r l i e r  s t u d i e s  r e p o r t e d  by the Tineapple Growers >c 
i nd ica t ed  about 70 percent  disappearance.  F i e l d  loads  range f rw 25-54 t o n s  4d-L L& 
per a c r e .  The n e t  disappearance va lges  f o r  t h e  1972 f i e l d  s t u d i e s  were 9 

tons  per  a c r e  and for tower s t u d i e s  4 . 4  tons  p e r  a c r e .  The va lue3  f o r  t h e -  

tower s t u d i e s  were f o r  a t a b l e  load of 6.7 t o n s  per a c r e  which i s  about  

one-half t h e  normal f i e l d  load. 
---> 

@ 
Pineanole Trash Emission Values: 

Emission va lues  f o r  f o u r  tower burns 9.2 2 2.3 pounds per n e t  ton 

burned. These v a l u e s  w h i l e  prel iminary a r e  reasonable  e s t i m a t e s  when consi-  

dered i n  p a r a l l e l  w i th  the suga r  cane values .  

1 

2 



SUMMARY ANALYSIS OF U. C. RIVERSIDE 
TOWER BURNS 

I 

I TABLC 1 - SUGAR CAME TYhSH OXLY 

! Summary : 
I 
I 

P . .  , , I : . , , , ' '  

Mumber u f  burns 16 
i .  
i .  

I \  

Loading of t a b l e  8.9 2 1.5 t ons / ac re  . u,.,.. 
, *  ' 

i 
,*I I Net burned 7.9 2 2.2 t o n s / a c r e  i 

Volume of d i scha rge  .1999 2 251 ft.3?lb. burned i..) & 

P a r t i c u l a t e  emissions 5.0 t 1.5 l b s . / t o n  n e t  burned - I .. '. 

16517 2 3364 u g h  3 

, , /,$<. , $7 ,-\,!< J- '- 

-1 0.19 2 0.03 1k./ft.2-mLn. , B u r n  r a t e  

TABLE 2 - SUGAR CANE A N 3  TRASH COYBINED e 
Summary : 

Number of  burns 

h a d i n g  of  t a b l e  

20 

Trash por t ion  10.8 2 4.1 t o n s l a c r e  

N e t  burned 15.0 4.2 t o n s / a c r e  

Volume of dcscharge 
c 

1170 i 607 €t.3/r~. burned 
". ;.. 1 .  / 

. ,  - .  I / .  ,.- Particulate emission 7.1 2 2.0 lbs . / tor .  b:rrned -- C.'#' '  rf ,  ,'. ,. 
L 46312 5 11053 ug/m 3 L-fL- ' .  il! 

7 
0.36 2 0.12 lbs./€t.2-rnLn. 1 

Burn rate 

3 



Burn  
Date 

10.5 (1) 

-I 

( 2 )  

10.6 (1) 

10.24 (1) 

11-8 ( 2 )  

11-15 ( 2 )  

11-16 < 2 )  

1 1 - 2 2  (1) 

12-5 ( 2 )  

S a m p l e  
D e s i g -  
n a t i o n  

A- 2 

A- 2 

A- 1 

B- 3 

E- 3 

G- 3 

11- 3 

3- 1 

D-3 

F- 3 

I- 2 

3- 1 

J- 2 

7- N 

F-?i 

K- 1 

1.- 7 L. .. 

M-3 

TABLE 1 

SUPMARY - SUGAR CANE TOWER EURNS 
U. C. XIVERSIDZ 

TRASH BLRNS - 1972 

Load- 
i n g  
Tons / 
a c r e  

8.8 

8.2 

4.2 

8.6 

18.5* 

11.3 

- 
9.6 

9.6 

.9.6 

8.9 

9.1 

9 .5  

10.0 

10.2 

8.3 

8.3 

8.0 

B u r n e d  
Tons,' 
acre 

7.5 

6.1 

4.0 

7.8 

16.5* 

10.4 

- 

8 .5  

8.3 

s. 5 

7.7 

8.2 

8.8 

9.0 

8.3 

7.9 

7.7 

7.2 

W m i t t e d  from d a t a  summary - d o u b l e  l o a d  

B u r n  R o t e  
lbs . / f t .  
min. 

2 

0.24 

0.08 

.0.13 

0.17 

0.14 

0.23 

0.15 

0.19 

0.21 

0.23 

0.20 

0.21 

0.24 

0.23 

0.10 

0.14 

0.10 

0.16 

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

2233 

1555 

1777 

- 
2210 

2253 

1723 

2256 

1962 

3.8 

8.0 

6 . 4  

5.5 ' 19627 

10.4 53715* 

4. Y' 18631 

- - 
4.3  15624 

3.9 13883 

3.2 15041 

3.3 11726 

7.3 

5.5 

2.7 

5.0 

6.9 

4 . 8 

5.3 21090 

30.4 

48.2 

25.2 

43.0 

172.0"-' 

43.0 

- 
37.0 

32.0 

27.0 

26.0 

60.0 

42.0 

24.0 

42.0 

5L.O 

37.0 

3C.O 

i 



Burn 
~ Date 

1G-19 (1) 

10-20 (1) 

10-23 (1) 

(2) 

10-27 (1) 

( 2 )  

li-S (1) 

TABLE 2 

SUWRY - SUGA.R CAME TOWER BiTP,NS 
U. C. RIVERSIDE 

CANIS/TR~SH SURNS - 1972 

Load 
S m p l e  Tons/ Burned Burn Rate Air 
Dssig- a c r e  Tons/ l b d f t . '  €t .3 /  
n a t i o n  T o t a l  Trash a c r e  -- i: i .~ I. . Ib. 

B- 1 99.4 - i'0.'.3 0.16 

E- 2 85.0 8.7 11.3 - 
c- 1 57.5 11.8 18.3 0.36 1376 

c- 2 71.3 

D-1 58.0 

D-2 95.6 

E- 1 95.2 

F- 2 104.0 

G-1(G-2) 62.7 

G- 2 68.3 

H- 1 53.9 

I;- 2 57.7 

Pi- 1 68.8 

H- 2 74.7 

15.7 21.8 0.55 

15.3 17.5 0 . 3 8 ,  

15.0 22+2 0.39 

13.3 ,172 0.45 

16.3 . 23.7 0.42. 

13.9 11.3 0.19 

16.3 12.8 0.25 

10.4 11.8 0.26 

10.2 13.5 0.35 

7 . 4 1.3 P?.'. 0.3? 

5.7 16.6 0.64 

1038 

889 

947 

1303 

933 

1696 

1447 

1406 

1877 

1045 

P a r t i c u l a t e  
lbs,/ton u,,/ 
burned m !i 

11.0 

6.2 

7.9 45124 

6.8 52602 

4 . 1  37080 

6.1 51439 

10.4 64261 

4.9 41521 

10.3 48697 

6.3 35122 

3.2 

6.1 34385 

8.7 36766 

6.7 52143 

1593 7.0 ' 35376 P?- 1 47.7 10.7 12.2 - 
(a0 t ops )  

947 8.0 67536%- (2)  N-2 111.5 9.4 19.6 - 
(22tnps) 

12-14 (1) 0-1 63.7 7.0 10.3 0.30 

( 2 )  0-2 32.9 7.9 12.5 0.31 

(3) P-1 35.4 8.0 11.5 0.34 

(4) 7-2 54.1 0 . 7  13.3 0.40 

7.3 

7.1 

6.5 

7.1 

"Double t o p  cane 

6 



S t a t e  o f  Hawaii 
Department o f  A g r i c u l t u r e  

Hono l u l u  , Hawaii 

A p r i l  1 2 ,  1973 

TO : F r e d e r i c k  C. Ersk ine  
Doak Cox, UH-EC 

V E l l i s  Darley,  UC 
Ed Lui,  HSPA 
Richard Marland, OEQC 
Henry Minet te ,  DOH 
Ron Ter ry ,  PP 

. .  SUBJECT:. . '  P a r t i c u l a t e  Emissions and Net F u e l  Values - Sugar Cane 
. .  

Tower s t u d i e s  a r e  e s s e n t i a l l y  complete.  R e s u l t s  have been reviewed by HSPA, . . 

Departments of Heal th  and A g r i c u l t u r e ,  EPA Region IX, and U.C. Rivers ide .  

. ' F i e l d  n e t .  f u e l  loss values  a r e  r e p r e s e n t a t i v e  o f  a c t u a l  f i e l d . c o n d i t i o n s .  . . .  

Tower net f u e 1 , l o s s  va lues  are f o r  r econs t ruc t ed  f i r e  ma t r i ces  i n  which t h e  f u e l  
may d i f f e r  s i g n i f i c a n t l y  i n  mois ture  conten t  and.  phys ica l  s t r u c t u r e  from f i e l d  
cond i t ions .  

Var i a t ions  be tween ' . f ie ld :  'and tower va lues  should  have no s i g n i f i c a n t  e f f e c t  on 
p a r t i c u l a t e  emiss,ion va lues ,  except on t h e  h ighs ide .  'The v e r t i c a l  f low of h e a t  
from combustion, lower mois ture  i n  t h e  fuel, and proximity o f  t h e  cane  t o p s  t o  
t h e  f i r e  zone a l i  i nc rease  t h e  n e t  f u e l  va lues  ob ta ined  i n  tower s t u d i e s . '  0; 

. . . . . .  By adopt ing  t h e  upper 99 percent  confidence l i m i t  f o r  p a r t i c u l a t e  emission . . .  
va lues  'from t h e  tower s t u d i e s  t h e  f a c t o r  f o r  p a r t i c u l a t e  emissions w i l l  i nc lude  
v i r t u a l l y  , a l l  p o s s i b l e  va lues  which  could b e  expected ,on r epea ted  s tudy.  

Net 'fuel l o s s  v a l u e s - a s  determined.-from f i e l d  s t u d i e s  r e p r e s e n t  - t h r e e  cane 

. .  - . . .  . . . .  . . .  . . . .  .... . . . . . . .  ..... ,. . .... . . . .  . . .  . . .  . . . . .  . . . . . . . . .  . . . .  , _  . .,. . . . . .  . . . . .  . .  . .  . . .  
. . .  ...... 

. .  _ _  .~ 

. . .  
, . , .  

. .  

. . .  . I  . ..l_ . 

. .  
.. ':: 

. . ? , . % ~ ' . - .  
' ' v a r i e t i e s ,  tGo ' cu l tu re  methods-, two'growing'  zones,  'and normal f i e l d  i i ind 

. . . . .  . . . . . . .  . . .  ....... . . . . .  . . .  ...~ ~ :...i. ......... .?.._. ..<_+ __ ~. ~ . . . .  . . .  . . . .  
. .  

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

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

Net p a r t i c u l a t e  emissions per .  a c r e  a r e  c a l c u l a t e d  by mul t ip ly ing  t h e  mean net. 
f u e l  l o s s  v a l u e  f o r  f i e l d  s t u d i e s  by t h e  p a r t i c u l a t e  emission f a c t o r .  - 

. . .  . . . . . . . . . .  . . .  . . .  . . .  .... ........ . . . . . . . .  . . .  ... . . . . .  . . . . . . . . .  . . .  . . .  . . . . .  . . . .  
. .  . .  
~. . . . . . .  ., . , . .  . .  

: . .- , .  . .  . .  

.- , :.. ~ . .  - 
P a r t i c u l a t e  Emission Values (Tower va lues )  

Hean (N=15) = 7.19 pounds per  ton n e t  f u e l  loss1 
Mean + 99% conf idence  l i m i t  ( tOl)  = 8.4 pounds per  ton 
C o e f f i c i e n t  of v a r i a t i o n  (SD/mean) = 22% 

P a r t i c u l a t e  emission va lue  recommended f o r  c o n t r o l  s t r a t e g y  
1, 

1 8.4 pounds per  ton n e t  f u e l  loss  



I: 

2. 

Xet .Fuel Loss  Values ( F i e l d  s t u d i e s )  

Plean (N=20) = 10.9 tons per  a c r e  
C o e f f i c i e n t  of  v a r i a t i o n  (SD/mean) = 28% 

(Note: Compares f avorab ly  wi th  29% f o r  tower s t u d i e s )  e 
Net f u e l  loss  va lue  recommended' f o r  c o n t r o l  s t r a t e g y  

10. tons,  n e t  f u e l  loss pe r  a c r e  burned 
. .  

7 
N e t  P a r t i c u l a t e  Emissions P e r  Acre 

91.6 pounds (8.4 x 10.9) p a r t i c u l a t e  emissions per  a c r e  burned . .  

. .  . .  . .  
. 

P a r t i c u l a t e  emissions f o r  each County have been es t imated  (Table 1) on t h e  
' . b a s i s  o f  acreage  harves ted .  V i r t u a l l y  a l l  ac reage  an Kauai ,  H a u i ,  and Oahu 

. . .  a r e  burned. In c o n t r a s t ,  a n  average  of less than  70 percent  of t h e  ac reage  ' -  . .  
harves t ed  on Hawaii can b e  burned due t o  p e r s i s t e n t  r a i n f a l l  i n  growing a r e a s . '  . 

. . .  
;Changing-crop a c r e s ,  c u l t u r a l  and h a r v e s t i n g  p r a c t i c e s  also a f f e c t  e s t i m a t e s .  . 

Futu re  r e v i s i o n s  o f  emission e s t i n a t e s  w i l l  dec rease  of  p a r t i c u l a t e  emissions.  
a s  newer p r a c t i c e s  a r e  introduced.  

. .  ' I 

- .~ ~ ', 
i l e x a n d e r  M. Do l i a r ,  Ph-D. 
Hawaii Development I r r a d i a t o r  . . . .  .. 

. . .  . . . . .  . . .  

. .  . . ~  
. .  

. .  . .  ._ ,.. ' . 
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. (,, UNI+ERSITY OF CALIFORNIA, RIVERSIDE 
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, BERYELEY * DAVIS IRVINE * LOS ANCKEZ RIVERSIDE . SAN D l E c o  * SAN FRANCISCO SANTA BARBARA * S h M A  CRVZ 
\ 

RIVERSIDE, CALIFORNIA 92502 -~ STATEWDE AIR POLLUTION RESEARCH CENTER 

January 5 ,  1973 

Me1 Dol l a r  
Don Hendriclcs 
Ed Lui  

i J i m  Souther land 

Gentlemen : 

Enclosed a r e  t h r e e  groups of documents . r e l a t e d  t o  t h e  burning of sugar 

cane beginning October 19  and going through the l a s t  burns  t h a t  we d i d  on 

Decembsr 1L. 

1. 

.. . 

The r a w  d a t a  s h e e t s  f o r  cane E i re  and f o r  t r a s h  only f i r e s .  

2. Summary of p e r t i n e n t  data from t h e  raw d a t a  s h e e t s  f o r  cane and 

t r a s h  f i r e s  snd t h e  amount of ash  l e f t  from each c l a s s  of f i r e s .  

3 .  The  c a l c u l a t i o n s  t h a t  I made Lo determine s tandard dev ia t ions  

f o r  t h e  s e v e r a l  columns l i s t e d  on t h e  s u m a r y  s h e e t s .  For ca l -  

c u l a t i n g  t h e s e  I used t h e  s t a t l s t i c a l  method t h a t  Xel <sed i n  

t h e  s u w m r i e s  t h a t  were s e n t  from OSC f i e l d  d a t a .  S$n.ce I am 

not  a s t a t i s t i c i a n  I put  down all t h e  f i g u r e s  so  t h a t  you could 

check t h e  work i n  case  you wished. 

Following the v i s i t  of Ed L u i ,  Lou Her sch le r ,  J i m  Souther land and 

"Don Hendricks December 1 3  - 15, I rear ranged  the rav d a t a  s h e e t s  s o  a s  t o  

put  t h e  informat ion  i n  more l o g i c a l  form. Following t h e  v i s i t  of ?[le1 Do l l a r  

on December 27 I decided t o  go ahead and make up t h e  summaries and send them 

along wi th  t h e  r a w  d a t a  s h e e t s .  Ny o r i g i n a l  i n t e n t i o n  w a s  j u s t  t o  send you 

,' L '  k - . 
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t h e  raw da ta  s h e e t s  s o  t h a t  you could be looking a t  t h e  information while  

I was drawing up some of t h e  summaries. Thus, I have spen t  t h e  l a s t  s e v e r a l  

days between Christmas and New Years doing t h i s  and i t  i s  i n  a rough form. 

P lease  accep t  my apologies  f o r  having i t  i n  such a rough form b u t  I b e l i e v e  

i t  i s  b e t t e r  t o  send i t  th i s  way s o  t h a t  you can have a look a t  t h e  information 

as quick ly  as poss ib l e .  

RAW DATA SHEETS 

F i r s t  of a l l  I w i l l  e x p l a i n  t h e  raw d a t a  s h e e t s  so  t h a t  you w i l l  under- 

s tand  t h e  va r ious  e n t r i e s .  The s h e e t s  are arranged chronologica l ly  by d a t e  

of burn.  I f  there is more than  one f i r e  on a given d a t e  t h e  f i r e s  are then  

numbered 1, 2 ,  3 ,  4 ,  e t c .  

Cane f i r e s .  -- To e x p l a i n  t h e s e  s h e e t s  please look a t  t h e  10/27/72 cane 

f i r e  des igna ted  as D-1. 

S t a r t i n g  a t  the  top  l e f t  corner  of t h e  s h e e t  i s  f i r e  ?Jo. 1, t h e  d a t e ,  a 
and t i m e  of day. A t  f i r s t  w e  d i d  not  no te  the  t ime s o  a l l  I can t e l l  you 

f o r  t h i s  f i r e  is t h a t  we burned i n  t h e  morning; i n  later f i r e s  the hour i s  

noted. 

a t  t h e  time t h e  f i r e  w a s  burning, 

t h e  computer because d i f f i c u l t i e s  i n  loading  d i d  not  permit  t h e  p r e c i s e  t iming 

requi red  t o  coord ina te  i g n i t i o n  and s t a r t  of computer p o l l i n g .  

f o r  chromatograph. HC is t h e  hydrocarbon peak and T i s  t h e  temperature  peak 

and i n d i c a t e s  whether o r  no t  we d id  o r  d i d  not  t ake  t h e  sample. I f  you look 

- / 

Comp no tes  whether we r a n  t h e  f i r e  response d a t a  through t h e  computer - 
For a l l  of t h e  cane f i r e s  we d i d  n o t  use 

Y 
Chr s t ands  

- 
through a l l  of t hese  s h e e t s  you .wi l1  no te  t h a t  I show a i n  most ca ses .  

However, i n  some f i r e s  w e  do have t h e  chromatographic d a t a  b u t  I have n o t  

i nd ica t ed  a l l  of t hese  in s t ances .  The f u e l  i s  l abe led  Cane wi th  t h e  desig-  

n a t i o n  D-1 a s  given t o  us  by OSC. The type of f i r e  is i n d i c a t e d  as F which 

k 1 
a i 
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s t ands  f o r  f l a t .  

f i r e  w i l l  be  f l a t .  The rack  i n d i c a t i o n  of 36 inches  r e f e r s  t o  t h e  f a c t  t h a t  

we were us ing  the rack  and t h e  screen  g-olding t h e  tops  i n  t h e  v e r t i b l  pos i t i on  

was 36 inches above . the  t a b l e .  Only i n  f i r e s  0 and P do we have a second 

H and B s t and  f o r  Head and Back f i r e  b u t  wi th  a l l  cane every - a 

sc reen ;  d e t a i l s  of t h e s e  f i r e s  a r e  given l a t e r .  The weather on t h i s  d a t e  w a s  

n o t  recorded b u t  i n  later f i r e s  w e  t r i e d  t o  no te  something about weather 

condi t ions .  Immediately below t h e  weather w e  n o t e  t h e  r e l a t i v e  m v  w i t h  

the  dry and w e t  bulb.  

same gene ra l  arrangement of heading.  

A l l  of t h e  s h e e t s  whether cane o r  t r a s h  w i l l  have t h i s  - 

A s  you w i l l  r e c a l l  from your v i s i t  he re ,  w e  load t h e  bottom t r a s h  f i r s t ,  

followed by t h e  midcane, t h e  top  t r a s h  and t h e  tops.  What I a m  showing he re  

i n  t h e  extreme l e f t  column i s  the  accumulated s c a l e  readings  as these  fou r  

c l a s s e s  of f u e l  a r e  put  on t h e  t a b l e .  Thus wi th  D - 1  t h e  bottom t r a s h  weighed 

13  l b s .  10 0 2 .  After  we put  on the midcane t h e  accumulated weight was 48 l b s .  
.-- 

e 
10 02. and s o  on with t h e  top t r a s h  and tops.  The next  column t o  t h e  r i g h t  

g ives  t h e  weight of each f u e l  c l a s s  before  i g n i t i o n .  Thus t h e  bottom t r a s h  

weighed 1 3  l b s .  10 02. The midcane is t h e  d i f f e r e n c e  between bottom t r a s h  

and accumulated weight a f t e r ,  midcane was added and i n  t h i s  ca se  G'35 l b s .  

0 02. The top t r a s h  of 4 l b s .  8 0 2 .  is t h e  d i f f e r e n c e  between t h e  accumulated 

f i g u r e s  f o r  t op  t r a s h  and midcane and s o  on t o  t h e  tops .  The next  column t o  - 
the  r i g h t  g ives  t h e  t o t a l  of a l l  t r a s h  which is t h e  sum of the f i r s t  and t h i r d  

e n t r i e s  f o r  p l a n t  w e i g h t b e f o r e  f i r e ;  i n  t h i s  c a s e  t h e  t o t a l  is 18  l b s .  2 oe .  

Moving t o  t h e  r i g h t  aga in  we show t h e  moisture  conten t  of t h e  bottom and top 

t r a s h .  However, i n  t h i s  p a r t i c u l a r  case I d i d  not  t ake  a sample of top t r a s h .  

Moisture va lues  f o r  each f u e l  c l a s s  i s  given on both  t h e  w e t  and d ry  b a s i s .  

i 

- 
I n  summary t o  t h i s  po in t  and looking a t  the columns from l e f t  t o  r i g h t  on 

f u e l  category loading ,  w e  have a l l  t h e  informat ion  up t o  t h e  t i m e  of i g n i t i o n .  a 
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The f i r e  i s  i g n i t e d  and dur ing  t h e  burning we take  two p i e c e s  of 0 - 
information.  I have put  t hese  a t  t h e  bottom of t h e  s h e e t  s o  as not  t o  

c l u t t e r  up t h e  c a l c u l a t i o n  I want t o  conduct la ter  when we are i n d i c a t i n g  

lo s ses .  These p ieces  of information show f i r e  speed and i n d i c a t e d  weight  a t  
, 

two p a r t i c u l a r  p o i n t s ;  (1) a t  the t ime t h e  f i r e  has  mays 

one s i d e  of t h e  rack  t o  t h e  o t h e r ,  and (2)  t h e  t i m e  when t h e  f i r e  went ou t .  

Now go back up t o  the e n t r y  End F i r e .  Th i s  shows t h e  i n d i c a t e d  weight 

- - 
- 

and t h e  e lapsed  t i m e  s i n c e  i g n i t i o n .  The f i r e  i s  ended when t h e  l e v e l s  of 

hydrocarbon, CO and C02 on the  r eco rde r s  i n  t h e  instrument  b u i l d i n g  have 

re turned  e s s e n t i a l l y  t o  t h e  background l e v e l  b e f o r e  i g n i t i o n .  The weight 

noted he re  w a s  46 l b s .  8 02. and t h e  time was 9 min. 

t o  i n d i c a t e  s i g n i f i c a n c e  of t h e  numbered and l e t t e r e d  l i n e s .  A f t e r  t h e  end 

A t  t h i s  p o i n t  I want 

of the  f i r e  w e  want t o  know t h e  t o t a l  weight  l o s s  dur ing  t h e  f i r e .  This  i s  

obtained by s u b t r a c t i n g  l i n e  2 from l i n e  1. and en te r ing  t h e  va lue  on l i n e  3 

which i n  t h i s  case  i s  20 l b s .  2 02. 

- - 
0 . 

Xien t h e  f i r e  i s  over you w i l l  r e c a l l  t h a t  we unload t h e  s c a l e  i n  r eve r se  

order  t o  t h a t  i n  which i t  w a s  loaded. This i s  done i n  o rde r  t o  determine t h e  

amount of midcane and top  material t h a t  was burned during t h e  f i r e .  

move down t h e  s h e e t  i n  t h e  l e f t  hand column which I s t i l l  l a b e l  as Sca le .  

S t a r t i n g  wi th  t ak ing  t h e  tops  o f f ,  t h e  s c a l e  r eads  35 l b s .  and 6 02. as shown 

on l i n e  4 .  Then when w e  take  o f f  t h e  midcane the r e s i d u a l  on the s c a l e  i s  

3 l b s .  1 2  02. and when we  take  of f  a l l  t h e  a shes  we  j u s t  record t h a t  l i n e  a s  0. 

Therefore ,  

- 

Moving over  t o  t h e  next  column w e  want t o  know t h e  p l a n t  weight a f t e r  t h e  

f i r e  j u s t  a s  w e  wanted t o  know t h e  p l a n t  weight b e f o r e  t h e  f i r e .  Therefore ,  

t h e  tops a f t e r  t h e  f i r e  weighed 11 l b s .  2 02. and t h i s  i s  determined by sub- 

t r a c t i n g  l i n e  4 from l i n e  2. To determine t h e  weight of t h e  midcane a f t e r  

0 
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t h e ' f i r e  we s u b t r a c t  t h e  l i n e  5 from l i n e  4 and t h i s  g ives  31 l b s .  10 02. 

We s u b t r a c t  l i n e  6 from l i n e  5 and t h a t  w i l l  g ive  u s  t h e  t o t a l  weight of ashes .  

The double * means t h a t  we assume t h a t  t h e  a shes  from t h e  top and the  midcane 

make n e g l i g i b l e  c o n t r i b u t i o n  t o  t h e  f i n a l  ash. 

d iscuss ion  t h i s  assumption may be wrong b u t  f o r  t h e  purpose of t h i s  s h e e t  I 

have done as ind ica t ed .  

. .  

A s  pointed out  l a t e r  i n  t h i s  
. .  

With t h e  p l a n t  weights  b e f o r e  and a f t e r  t h e  f i r e ,  i t  is poss ib l e  t o  

c a l c u l a t e  l o s s e s  i n  v a r i o u s  ways. This i s  what i s  shown i n  t h e  next  t h r e e  

columns t o  t h e  r i g h t  under t h e  heading Loss. The t h r e e  c a t e g o r i e s  of l o s s  

a r e  t h e  weight i n  pounds and. ounces of t h e  i n d i v i d u a l  t v o e , t h e  weight percent ,  - - 
and t h e  percent  of t h e  t o t a l  l o s s .  I n  making these  c a l c u l a t i o n s ,  I u s e  

l i n e s  (a)  and (b)' and t h e  column labe led  ( c ) .  

confusing because i t  r e f e r s  t o  a l l  t h r e e  l i n e s  under W t .  a f t e r  f i r e .  In o the r  

- 
The l a b e l  (c) 'may be  a b i t  

.~ - 

0 words, I use t h e  f i r s t  l i n e  of (c )  b r  t h e  top:, t h e  second l i n e  of (c )  f o r  
# - r 

\ '  

t h e  midcane and the  t h i r d  l i n e  of-(c) f o r  t h e  t r a s h .  

f o r  tops  I s u b t r a c t  ( c )  of 11 l b s .  2 02. from (b) t o  g e t  2 l b s .  6 02. For 

midcane, s u b t r a c t  '(c) of 31 l b s .  10 02. from ( a )  t o  g i v e  3 16s. 6 02. and f o r  

t r a s h  s u b t r a c t  (c)  of 3 l b s .  1 2  02. from (2) t o  g ive  14 l b s .  6 02. For t h e  

weight percent  l o s s  f o r  each ca tegory  the  f i g u r e s  i n  t h e  - Wt. column are d iv ided  

by ( b ) ,  ( a ) ,  and ( z ) ,  r e s p e c t i v e l y .  S i m i l a r l y ,  f o r  the percent  t h a t  each 

ca tegory  c o n t r i b u t e s  t o  t h e  t o t a l  l o s s ,  t h e  f i g u r e s  i n  the  - W t .  column a r e  

d iv ided  by l i ne  3 .  

div ided  by l i n e  3 of 20 l b s .  2 02. t o  give 1 2  percent .  

Thus, under w e i g h t . 1 0 ~ ;  - -. 

- 

For example, t h e  weight l o s s  of tops  of 2 l b s .  6 02. is 

Down t o  t h i s  f a r  on t h e  d a t a  s h e e t  we have been dea l ing  only wi th  what 

is happening on t h e  t a b l e ,  namely, p u t t i n g  t h e  f u e l  on ' t he  t a b l e ,  burning 
I 

i t ,  tak ing  i t  o f f  and record ing  t h e  d i f f e r e n c e  i n  weight t o  ob ta in  t h e  l o s s e s .  

0 

. ... .. -. -- - . i 
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The rest of t h e  sheet has  t o  do wi th  what happened t o  t h e  f i l t e r  t h a t  vas  

i n s e r t e d  i n  the modified h igh  volume s a m p l e  up near  t h e  top  of t h e  s t a c k .  

The f i r s t  l i n e  on t h e  l e f t  i n d i c a t e s  t h e  f i l t e r  number. 

numbers i n  the 900,000 series are those  f i l t e r s  t h a t  were s e n t  t o  us from 

North Caro l ina .  These have been s p e c i a l l y  t r e a t e d  so  that  a n a l y s i s  can be  

made f o r  benzo pyrene. A l l  of t h e s e  have been r e tu rned  t o  North Caro l ina  

e 
A l l  of t h e s e  l a r g e  

0, 

and J i m  i s  having them analyzed.  Other f i l t e r  numbers t h a t  a r e  i n  t h e  100 

and 200 series a r e  our  own f i l t e r s  and a r e  a v a i l a b l e  f o r  whatever a n a l y s i s  

we wish t o  make o t h e r  than weight .  The  only t h i n g  t h a t  shows on the  raw 

d a t a  s h e e t  i n  t h e  a n a l y s i s  f o r  weight i n  p a r t i c u l a t e  c o l l e c t e d  on the  f i l t e r .  - 
The weight is shown on t h e  l e f t  s i d e  of t h e  s h e e t .  The f i r s t  f i g u r e  

is t h e  weight of t h e  f i l t e r  a f t e r  c o l l e c t i n g  t h e  p a r t i c u l a t e .  The nex t  - 
f i g u r e  is the weight of t h e  f i l t e r  before  and t h e  d i f f e r e n c e  i s  shown as t o t a l  

grams i n  t h e  sample: This  i s  mult ip ' l ied by a cons t an t  of 1 .71 .  The cons tan t  

is a r r i v e d  a t  by d i v i d i n g  776 by 454 grams per  pound. 

our sampling volume t o  t h e  t o t a l  volume of t h e  s t a c k  du r ing  t h e  f i r e  s i n c e  our 

776 is t h e  r a t i o  of 

sampling technique i s  i s o k i n e t i c .  The r e s u l t  is l abe led  pounds i n  t h e  s t a c k  

a s  i f  we had-been a b l e  t o  sample and c o l l e c t  a l l  of t h e  p a r t i c u l a t e  going out  

of t h e  s t a c k .  This  f i g u r e  i s  then  mul t ip l i ed  by 1752 which r e p r e s e n t s  t h a t  - I 

p o r t i o n  of an a c r e  represented  by t h e  25 square  f e e t  sampled by OSC. 

done a t  J i m  Souther land ' s  sugges t ion  t o  come up wi th  a f i g u r e  of pounds of 

p a r t i c u l a t e  per  a c r e  assuming t h a t  our 25 square  f e e t  s imula t e s  an a c r e  i n  t h e  

f i e l d .  This  f i n a l  f i g u r e  i n  pounds per a c r e  has  a dark  arrow d i r e c t e d  t o  i t  

j u s t  t o  c a l l  a t t e n t i o n  t o  one of t h e  major i t e m s  t h a t  you might want t o  t ake  

o f f  t h e  r a w  d a t a  s h e e t .  

This  was 
/ 

Then i f  you look over t o  t h e  r i g h t  s i d e  of t h e  s h e e t  

w e  are t a l k i n g  about  t h e  p a r t i c u l a t e s  p e r  ton of f u e l  by t h r e e  d i f f e r e n t  e 
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methods. The f i r s t  c a l c u l a t i o n  i s  clone by t h e  t o t a l  weight l o s s ,  t h e  

second by t r a s h  loading and the  t h i r d  by t r a s h  weight l o s s  t o  g e t  some 

comparison wi th  t h e  t r a s h  f i r e s .  

t r a s h  loading  and by t r a s h  w e i g h t  l o s s )  may or may not  have any s i g n i f i c a n c e .  

The main f e a t u r e  t h a t  was decided upon when you fel lowswere h e r e  i n  

December ~ 7 a s  t h e  p a r t i c u l a t e  by t o t a l  weight l o s s  and t h a t  i s  why I a m  showing 

the  f i g u r e  f i r s t .  The method is t o  make a propor t ion  of t h e  t o t a l  pounds 

p a r t i c u l a t e  i n  t h e  s t a c k  r e l a t e d  t o  t o t a l  weight l o s s  i n  t h e  f i r e  t o  what 

the  t o t a l  p a r t i c u l a t e s  would have been i f  t h e r e  would have been 2000 pounds 

weight loss. I n  t h i s  i n s t a n c e  w e  move t h e  f i g u r e  of pounds i n  t h e  s t a c k  t o  

e 
I r e a l i z e  t h a t  t h e s e  l as t  .two items (by 

be  t h e  numerator on t h e  l e f t  s i d e  of t h e  equat ion ( i n  t h i s  case  rounded off  

t o  t h e  4 th  p lace  a t  .0413) .  T h i s  i s  mul t ip l i ed  by 2000 ( = 82.6) and t h e  

f i g u r e s  w r i t t e n  above t h e  numerator.  

by the  t o t a l  weight l o s s  a t  l i n e  3 t o  give 4 . 1  l b s .  per  ton of weight l o s s .  

Then t h e  numerator of 82.6 i s  moved t o  each one of the  o t h e r  equat ions  and 

For t h e  f i r s t  equat ion 82.6 i s  d iv ided  

d iv ided  by t h e  appropr i a t e  f i g u r e  f o r  t r a s h  loading  (2) and f o r  t r a s h  w i g h t  

l o s s  (2-c).  These f i g u r e s  a l s o  have a dark  arrow going t o  them so  a s  t o  

c a l l  the r e a d e r ' s  a t t e n t i o n  t o  a major r e s u l t  i t e m  i n  which he  would be  

i n t e r e s t e d .  Th i s  completes t h e  explana t ion  of t h e  cane d a t a  s h e e t .  

Trash f i res . - -  Look a t  t h e  f i r s t  shee t  dated 10/5 and des igna ted  A-2. 

The heading is e s s e n t i a l l y  t h e  same a s  f o r  f i r e s  except  t h a t  I have added 

t h e  percent  s lope  t o  those  f i r e s  t h a t  a r e  e i t h e r  head or back f i r e s .  In 

o t h e r  words, f o r  F ,  H ,  or B ( f l a t ,  head and back) t h e  percent  s lope  a p p l i e s  

t o  a head f i r e  or a back f i r e .  Again I show t h e  weight of t h e  t r a s h  put  on 

and t h e  moisture  percent  bo th  on a w e t  and dry b a s i s .  

a t  the  end of t h e  f i r e  and the t i m e  s i n c e  i g n i t i o n  a r e  shown next .  This  i s  

The weight of r e s idue  
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followed by t o t a l  weight l o s s  and percent  loss .  

f i l t e r  t h e  d e t a i l s  are t h e  same a s  f o r  cane f i r e s  except t h a t  f o r  c a l c u l a t i n g  

When we  g e t  down t o  t h e  

p a r t i c u l a t e  i n  pounds p e r  t on ,  t h e r e  a r e  only two ca t egor i e s :  by t o t a l  weight 

l o s s  and by t o t a l  t.rash load.  

SUNMRIES 

There a r e  t h r e e  summary s h e e t s :  f o r  cane f i r e s ,  f o r  t r a s h  f i r e s ,  and 

one combined summary of ashes  from cane and t r a s h  f i r e s .  

Cane f i r e s . - -  Look aga in  a t  t h e  cane f i r e  f o r  10/27  des igna ted  a s  D-1 

which I can use  a s  an example f o r  o r i e n t i n g  t h e  colunns on t h e  cane summary 

s h e e t .  

heading of t h e  raw d a t a  s h e e t .  The moisture  con ten t  f i g u r e  i s  t h e  average 

of t h e  bottom and t o p  t r a s h  f i g u r e  on the  dry weight  b a s i s  to t h e  n e a r e s t  

whole percent .  Since moisture  was taken only on bottom t r a s h  f o r  t h i s  f i r e ,  

moisture  is entered  a t  1 9  percent .  

The f i r s t  fou r  columns on t h e  summary s h e e t  a r e  taken from t h e  

The next  S columns have to do wi th  the  l o s s  da t a .  The f i r s t  column 

list i s  t h e  pounds per  25 square  f e e t  which i s  t h e  same as i t em on l i n e  3 

from t h e  raw d a t a  shee t  ( 2 0 . 1  l b s . ) .  I should have mentioned e a r l i e r  t h a t  

i n  t r a n s f e r i n g  f i g u r e s  I converted ounces t o  t h e  n e a r e s t  0 . 1  pounds. The 

next  column (Tot  %) i s  n o t  represented  on t h e  raw d a t a  s h e e t  and i s  something 

I c a l c u l a t e d  as I was prepar ing  t h i s  summary and i s  merely the percentage 

der ived by d iv id ing  l ine 3 by , l i n e  1 (20.1/66.6 = 30%). 

of pa i r ed  columns are t h e  va r ious  l o s s e s  of t r a s h ,  midcane, and tops ,  respec- 

t i v e l y .  Within each f u e l  class t h e  p a i r  of columns l ists  weight percent  l o s s  

on t h e  l e f t  and t h e  percent  of t o t a l  l o s s  t o  t h e  r i g h t .  For example, f o r  D-1  

The nex t  t h r e e  sets 

t h e  f i g u r e s  a r e  taken d i r e c t l y  from t h e  l o s s e s  on the  r a w  d a t a  s h e e t s  and 

are: 80 and 7 2  f o r  t r a s h ;  10 and 17  f o r  midcane; and 18  and 1 2  f o r  tops .  01 
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The next  4 columns t o  the r i g h t  have t o  do with p a r t i c u l a t e  emissions 

and a r e  t h e  f i g u r e s  a s s o c i a t e d  wi th  the  4 dark  arrows on t h e  d a t a  s h e e t .  

f i r s t  column is pounds pe r  a c r e  and tlie next  t h r e e  are pounds per  ton by t h e  

t h r e e  c a t e g o r i e s  on t h e  r i g h t  s i d e  of t h e  d a t a  shee t .  The e n t r i e s  i n  each 

column are averaged and t h e  s tandard  dev ia t ion  given a t  t h e  bottom of each 

column. Examination of l o s s  da t a  shows t h a t  the t o t a l  loss  i n  pounds per  

25 square feet  i s  a l i t t l e  over 1 7  wi th  a s t anda rd  dev ia t ion  of 4 . 8 .  

equates  t o  1 5 . 1  tons  per  a c r e  wi th  a s tandard  dev ia t ion  of 4 . 2 .  This  i s  

about 2 l b s .  l e s s  than t h e  va lue  t h a t  Me1 r e c e n t l y  worked o u t ;  h i s  f i e i d  da t a  

notes  a n e t  disappearance of 1 7  t ons  p e r  a c r e .  I th ink  i t s  r a the r . encourag ing  

t h a t  t h e  f i g u r e s  are t h i s  c l o s e .  

by t h e  second column under l o s s e s .  Whereas i t  has  o f t e n  been s t a t e d  t h a t  n o s t  

of t h e  weight l o s s  i n - . t h e  f i e l d  w a s  due t o  the '  t r a s h ,  i t  i s  ev ident  from t h e s e  

f i g u r e s  t h a t  t h e  t ops  a l s o  c o n t r i b u t e  a s i g n i f i c a n t  amount t o  t h e  t o t a l  l o s s .  

A l i t t l e  more t h a n ' h a l f  of t h e  t o t a l  weight loss  i s  i n  t h e  t r a s h ,  bu t  t h e  

The 
e 

This  

This  r e p r e s e n t s  about a 202 l o s s  a s  s1iox.m 

e 
Rivers ide  f i g u r e s  show t h a t  about 35.7, p lus  o r  minus 13% i s  l o s t  by t h e  tops  and 

a r e l a t i v e l y  sma l l e r  amount is l o s t  by t h e  midcane, a s  would b e  expected.  EIost 

of t h e  l o s s  t h a t  i s  shown i n  midcane appa ren t ly  i s  due t o  t h e  l eaves  on t h e  

midcane a s  shown by t h e  d e t a i l e d  s tudy  t h a t  w i l l  be mentioned l a t e r  i n  samples 

0 and P. 

expected because of v a r i a t i o n s  i n  amount of l e a f y  material and v a r i a b l e  

The g r e a t e s t  v a r i a t i o n  i s  i n  t h e  midcane and t o p s  and t h i s  is t o  be  

dryness  of the tops.  The s tandard  dev ia t ion  i n  t h e  o t h e r  mean va lues  i s  n o t  

unreasonable.  

With p a r t i c u l a t e s  t h e  g r e a t e s t  v a r i a t i o n  was i n  t h e  pounds per  a c r e  which 

has  a mean of 109 and a dev ia t ion  of 31.5 .  The low va lue  w a s  70 and t h e  h igh  

va lue  was a 179.  This  f i g u r e  should be probably used w i t h  cau t ion  and i f  e 

.l 
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poss ib l e  w e  should t r y  t o  r e f i n e  i t  and examine c a r e f u l l y  how i t  was obtained.  

As f a r  as pounds pe r  ton are concerned on t o t a l  weight l o s s  w e  come up wi th  a 

f i g u r e  of 7 . 3  with a s tandard  dev ia t ion  of 1 .7  which i s  not  t oo  bad. A t  t h i s  

po in t  I a m  n o t  s u r e  of t h e  real meaning of t h e  pounds per  ton on a t r a s h  weight 

l o s s  o r  trash load b a s i s  and only l i s t  the  va lues  f o r  t h e  p re sen t .  

.e' , 

Next,  look a t  t h e  trash only f i g u r e s  and go back t o  t h e  +ab7 d a t a  shee t  

dated 10/5 f o r  t h e  sample A-2. 

columns taken from t h e  heading of t h e  raw da ta  s h e e t .  The  f i f t h  column is t h e  

A summary s h e e t  aga in  has t h e  f i r s t  fou r  

e 

t o t a l  loss  i n  the f i r e  by percent .  The l as t  t h r e e  columns have t o  do v i t h  

p a r t i c u l a t e  emiss ions ,  and a r e  t h e  f i g u r e s  a s s o c i a t e d  with t h e  t h r e e  da rk  

arrows on t h e  l e f t  and r i g h t  s i d e s  of the  s h e e t .  Again, t h e  e n t r i e s  a r e  

averaged with the s tandard  dev ia t ions  shown a t  t h e  bottom of each column. I n  

a d d i t i o n  I showed j u s t  the  means f o r  a l l  e n t r i e s  compared t o  f l a t  f i r e s  only,  

head f i r e s  on ly ,  and back f i r e s  only.  When comparing these  d a t a  with t h e  

cane f i r e s ,  i t  appears  t h e  t r a s h  l o s s e s  i n  trash f i r e s  i s  h igher  than t r a s h  

l o s s e s  i n  a cane f i r e .  This discrepancy i s  probably due t o  t h e  f a c t  t h a t  mid 

and top  cane do i n  f a c t  c o n t r i b u t e  t o  the  ashes  and our assumption t h a t  they 

do not  is wrong. 

P a r t i c u l a t e  emission on a pounds per  a c r e  basis  from t r a s h  f i r e s  a lone  

a r e  cons iderably  lower than from a cane f i r e ,  t h e  va lues  be ing  48 and 109, 

r e spec t ive ly .  

i s  q u i t e  a b i t  h igher .  This  may be  due  t o  t h e  very high emissions i n  one f i r e ,  

namely E-3 on t h e  d a t e  of 1 1 / 8 .  On t h e  pages t h a t  I submit ted showing t h e  

c a l c u l a t i o n  methods I have made t h e  comparison a d d i t i o n a l l y  by e l imina t ing  

Fur the r ,  t h e  v a r i a t i o n  i n  t h e  t r a s h  f i r e s  on a percentage b a s i s  

E-3, a s  perhaps be ing  a r e a l  odd b a l l  f i r e .  When th i s  i s ' d o n e  on t h e  pounds 

per  a c r e  b a s i s  we see t h a t  t h e  48 + 32 drops t o  40 +11 which is somewhat - 
0 
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more reasonable .  The only p o s s i b l e  explana t ion  t h a t  I can s e e  a t  t h e  mcment 

f o r  t h e  r e l a t i v e l y  high emission r a t c  i n  E-3 i s  t h a t  t h i s  f i r e  w a s  run  a t  a 

r e l a t i v e l y  h igh  humidity and a t  t h e  h ighes t  mois ture  conten t  of any of the  

e 

f i r e s .  

time t h a t  t h e  high emissions of E-3 w a s  due t o t a l l y , t o  t h e  high moisture  

S ince  t h i s  i s  only one i n s t a n c e  i t  would not  b e  f a i r  t o  say  a t  t h i s  

conten t .  

When comparing p a r t i c u l a t e s  i n  pounds p e r  ton on a t o t a l  weight l o s s  

b a s i s  f o r  t r a s h  a lone  and cane t h e  va lues  are 5 .3  - + 2.0 and 7.3 - + 1 . 7 .  

Since t h e  s t anda rd  dev ia t ions  ove r l ap  i t  appears  t h a t  t h e r e  is no r e a l  

d i f f e r e n c e  i n  t h e  two f u e l s  and t h a t  t h e  main a d d i t i o n a l  problem from whole 

cane i s  t h e  product ion of Hawaiian snow. Very l i t t l e  snow comes from our 

t r a s h  f i r e s .  , 
A l i t t l e  b i t  e a r l i e r  I made a comparison between f i e l d  d a t a  and Rivers ide  

d a t a  on t h e  poin t  of n e t  disappearance o r  l o s s  i n  terms of tons  per  ac re .  You 

r e c a l l  t h e  f i g u r e s  be ing  roughly 1 7  tons  i n  t h e  f i e l d  and 15 tons  i n  Rivers ide .  

e 
Another po in t  of comparison us ing  t h e  f i g u r e s  t h a t  Ifel  suppl ied  j u s t  r e c e n t l y  

would b e  t h a t  of looking a t  t h e  a sh  r e s idue  i n  terms of pounds pe r  25 square  

f e e t .  The f i g u r e s  t h a t  he  suppl ied  from f i e l d  were a mean of 3 .3  wi th  a 

s tandard  d e v i a t i o n  of 2 .6 .  I have at tempted t o  make a s i m i l a r  comparison 

wi th  the Rive r s ide  d a t a  and t h i s  i s  shown i n  t h e  da t a  summary s h e e t  labe led  

"Leafload vs. Ashes" on t h e  b a s i s  of t r a s h  f i r e s  only and top  and bottom 

t r a s h  i n  cane f i r e s ,  looking j u s t  a t  t h e  t r a s h  loading  t o  s e e  what happened. 

Of course t h i s  does not  t ake  i n t o  account t h e  leaves  t h a t  were on t h e  midcane 

o r  i n  t h e  tops .  

10.8 l b s  - + 1 . 7 ,  t h e  ashes  averaged 1.3 - + 0.7.  

I n  trash f i r e s ,  us ing  a l l  e n t r i e s  where t h e  load  averaged 

We can a l s o  look a t  t r a s h  f i r e s  

and make comparisons between t h e  same samples,  i . e . ,  where w e  burn l eaves  e 



:' 

'F1 

0 

alone i n  t h e  same shipment i n  which we r e c e i v e  cane (shipments D, E ,  G ,  H ,  

and I+). 

being  s l i g h t l y  h igher  than when us ing  a l l  e n t r i e s .  

s ee  t h a t  t h e  top and bottom t r a s h  load  is s l i g h t l y  h igher  (12 l b s . )  and ash  

y i e l d  i s  2.7 l b s .  which more n e a r l y  approaches t h e  f i g u r e  t h a t  Me1 has i n  

t h e  f i e l d .  Obviously, some of the  ash  is coming from t h e  midcane and tops .  

!Aen we  look a t  f i r e s  aga in  t h a t  can be  compared from t h e  same sample we can 

The loading  was 11 .3  - + 2.0 and t h e  ashes  were 1 . 4  - + 0.6,  bo th  items 
e 

- 
I f  we look a t  t h e  cane we 

see t h a t  a loading of 13.3 of bottom and top  t r a s h  gave us ashes  of 3.5 l b s .  

which i s  very c i o s e  t o  what Me1 had except  t h a t  our s tandard  dev ia t ion  i s  a 

l i t t l e  less. 

MODIFIED FIRES 

Some modi f ica t ions  were made i n  f i r e s  0-1, 0-2, P-1, P-2. A major change 

was an a t tempt  t o  r a i s e  t h e  tops  f a r t h e r  above the f i r e  zone. This ,was 

accomplished by having a second sc reen  higher  u p  i n  the  a i r  t o  t r y  t o  hold t h e  

leaves  v e r t i c a l .  Ac tua l ly ,  whereas w e  were a b l e  t o  g e t  t h e  l eaves  and t h e  

s t a l k s  away from t h e  f i r e ,  w e  were not  a b l e  t o  make t h e  top leaves  s t and  

v e r t i c a l .  This was due t o  t h e  f a c t  t h a t  t h e  tops  were bent  back t o  make the  

package t o  s h i p  t o  Rivers ide .  I n  every f i r e ,  even though w e  got  t h e  cane tops  

f a r t h e r  away from t h e  f i r e  zone, the top l e a v e s  always l a i d  h o r i z o n t a l  on 

t h e  s c reen  t o  form s o r t  of a canopy. 

e 

I t r i e d  t o  i n d i c a t e  t h e  upper most node for purposes of desc r ib ing  t h e  

d i s t a n c e  of t h e  cane from t h e  f i r e  bed. 

7" t o  20" above t h e  r a i l  of t h e  rack .  

In f i r e  0-1 t h e  upper node ranged 

Idhereas, by gradual ly  r a i s i n g  t h e  h e i g h t  
. 

of t h e  two sc reens ,  t h e  nodes r a i s e d  from 50" t o  60" above t h e  r a i l  i n  f i r e  

P-2. But in every  case  i t  w a s  p r a c t i c a l l y  impossible  t o  prevent  the f o l d i n g  

green leaves  from forming a h o r i z o n t a l  canopy on t h e  upper sc reen .  Even w i t h  e 
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t hese  changes t h e r e  d i d  n o t  appear t o  be a s i g n i f i c a n t  e f f e c t  of r a i s i n g  

t h e  green tops  on t h e  amount of p a r t i c u l a t e  produced. The va lues  ranged from 

e 
6&5 t o  7.1,  b u t  t h e r e  w a s  no c l e a r  i n d i c a t i o n  tha.t t h e  p a r t i c u l a t e  became 

less a s  the tops  go t  f a r t h e r  away from t h e  f i r e  bed. When w e  f i r s t  discussed 

t h i s  problem w i t h  Ed and Lou, i t  was be l i eved  t h a t . a s  t h e  tops  got  f a r t h e r  

from t h e  f i r e  w e  should g e t  less p a r t i c u l a t e s  b u t  from these  four  f i r e s  t h e r e  

is no c l e a r  i n d i c a t i o n  of t h i s .  The amount of percent  weight l o s s  from wi th in  

t h e  tops  d i d  seem t o  be s l i g h t l y  less when t h e  tops  were h ighe r .  

aga in  w i t h  only a few examples t h i s  i s  n o t  a c l e a r  cu t  ca se .  

But here 

Another t h i n g  we d i d  i n  these fou r  f i r e s  was t o  g e t  i n d i v i d u a l  weight 

l o s s e s  on a l l  of t h e  d i f f e r e n t  kinds of cane.  T h a t  is ,  wi th in  t h e  midcane 

we sepa ra t ed  out  t hose  t h a t  had leaves  from those  who were ba re .  V i th in  

t h e  tops  we s epa ra t ed  t h e  d ry  l e a f y  cane from t h e  green tops .  In each one 

of those s e l e c t e d  we placed a metal  t ag  i n  t h e  cane weighed (grams) be fo re  

and after t h e  f i r e .  These d a t a  a r e  shown on the  fou r  s h e e t s  t h a t  accompany 

t h e  l a s t  f o u r  raw d a t a  s h e e t s  of 0-1, 0-2, F-1 and P-2. The  ba re  midcane 

l o s t  a l i t t l e  weight ,  averaging about 2 % .  Those midcanes wi th  some leaves  

l o s t  a l i t t l e  b i t  more and t h i s  averaged somewhere around 4 - 5%. 

were combined, t h a t  is the l e a f y  midcane w i t h  t h e  b a r e  midcane, t h e  l o s s  

ranged from 2 . 4  t o  3 . 4 % .  There i s  n o t  always agreement between t h i s  method 

When these  

of measuring weight l o s s  on midcane and t h e  mass s c a l e  method used on the  

f i r e  t a b l e  i t s e l f .  F i r e s  0-2 and P-1 agreed f a i r l y  well, b u t  0-1 and P-2 

did  not  ag ree  too w e l l ,  being o f f  of a f a c t o r  of about 2. Nevertheless  i t -  

is s a f e  t o  say  t h a t  midcane l o s s  i s  a - r e l a t i v e l y  s m a l l - p o r t i o n  of t h e  t o t a l  

l o s s  of burning a complete f i e l d  of cane.  The loss  i n  d r y  l e a f y  tops  ranged 

from about 6 - 7% whereas t h e  green tops  ranged from about  11 - 23% 

, . .  . 
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i nd ica t ing  t h a t  top leaves  do burn and c o n t r i b u t e  a s i g n i f i c a n t  amount t o  

the  t o t a l  l o s s  of a cane f i r e .  Unless you have o ther  thoughts on these  

methods, I th ink  i t  is olc t o  usc s c a l e w e i g h t s  t o  de r ive  l o s s e s  of 6ane 

and tops .  / 
This  has been a long l e t t e r ,  b u t  I wanted t o  be s u r e  t h a t  you had a l l  

t he  information so  you could make you obm examination of t he  d a t a .  

2 Hydrocarbon, CO and CO emissions a r e  y e t  t o  be evaluated and I w i l l  

send t h a t  information as soon as poss ib l e .  

- Cord ia l ly ,  

E l l i s  F. Darley 

P lan t  Pa tho log i s t  

Attachments 
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b e f o r e  f i r e  t rash  Dry - G O  P3.ant  w t .  Total 

7 
min 

(b-c 

(a-c 

(2-c 

I 
P a r t i c u l a t e ,  # pkr ton 

F i r e  speed a.nd wt l o s s :  

3' i n  i /  min YO s e c  at ~ o - - / Y + , ,  
Flzrne out  2- m i n  "10 sec at 97-L '  // 

**q..s:uiiles a s h s s  from . t o p s  ..,. .~ and. . o?id..c.+,ne .. . . I  - 
. mlce n e g l i g i b l e  c o n t r i b u t i o n  t o  



Scztle 
Etccurn. 

Bot; tr. 1 z -Y. 
Xid c2.m 6 7 - 0  

Tops (1) i o $ . - !  L. 

-1 '1 -.a Top tr .  / e  

End F i r e  ( 2 )  9 y - y  
Tot .  l o s s  ( 3 )  25-g 

;--- 

Weight o f f :  6 ca l e  

Tops ( 4 )  TY-0 

Kid cane ( 5 )  F-0 

,/n 
min 

i't. a f t e r  
f i r e  ( c )  W t .  

% of 
t o t a l  l o s s  

x 1742 
# p e r  Acre 

Y ,/' 3 5- 
by t r s s h  wt loss:** 

F i r e  speed and v r t  l o s s :  

r,*,g.::-~ines a sh , ? s  from ~ 2 0 ~ s  and. -.mi,d 'cFne make n e g l i g i b l e  c o n t r i b u t i o n  t o  j 
^ .  . 



End F i r e  ( 2 )  -w-k - 7 - m i n  
Tot .  l o s s  ( 3 )  ) 9-/2 

.I 
;O Irioistvre 

3c. I w 
:-x R D 

L o s s  
Wt. a f t e r  p" of 

iJeight o f f :  6cale fire ( c )  . l i t .  $ t o t a l  l o s s  

Tops ( b )  y8-p '  ( 2 - 4 )  f / - O  ( b - c )  8-f (+b) /7 (i3) 4 L  
hid m n e  ( 5 )  r-/" (4-5) y2 -/z (a-c) / - r /  (+a) 3 (+3) '7 .- 

J by t r e sh  ut loss:** 

Fire speed and v r t  l o s s :  

Flame ou t  y mln 3 * s e c  a t  $%'-/j',$ 

s:*l.?ssumes 2shr s  frorn toas and. m i d  C T R S  m!ce n e g l i g i b l e  c o n t r i b u t i o n  t o  . . . . ~  . . .. . ,I . _. 



P h n t  wt. Tota.1 
b e f o r e  f i r e  t r a s h  

x 1742 
# p e r  Acre -=---+ 



Tops (1) 72-0 
I 

End F i r e  ( 2 )  n-0 

T o t .  l o s s  ( 3 )  / 3 - 0  
- - 

Weight o f f :  Gcale 

Tops ( 4 )  2C-y 

Kid cane (5 )  Y-7 
( 6 )  0 drash 

9 
min 

x 1742 
# p e r  Acre --+ 117 

/ 
by t r a s h  w t  loss:** 

F i r e  speed a.nd w t  l o s s :  
~- 

c1I 

% A, 4. *a 0, 5' i n  .J- min M s e c  a t  L / - i  # 

3 min 2-O s e c  a t  ~ - 7 - y  € d  ' L Q f  Flame o u t  

. . .  
."). ~ ~ ~ . s s u r n ~ : s  ashes f r o n  t o o s  3,nd n i d  c?ne mire n e g l i g l b l e  c o n t r i b u t i o n  t o  

. . ~~. . .. . . .'\ 

~ ~~ T i m 1  n r h  



. 
5 Bot”, tr.  5-1 L- 

L, Kid cane 7 , 0 4 2 .  
.f 
I , .  T O ~  tr.  3 G,-/ ?- 

Tops (1) 7 9 - 0  

‘. 
\i 

End F i r e  ( 2 )  L Y-y 
T o t .  l o s s  ( 3 )  / 

- 
Weight o f f :  6cale 

Tops ,( 4)  25-4 

Kid cane ( 5 )  2-12- 

T o t a l  
t r a s h  

Y Z  7 -s-, r ,  z-u ~ 7 ,  ( z 17. 1- ++- F i l t e r  No. ?0/ /3 /  

i l e i g h t s l  p . r t i c u l . a t e  P a r t i c u l a t e ,  i; p?r  t o n  

x 1742 g/  # per  Acre ---+ 
by t ra . sh  t i t  l o s s : + +  . 

I 

F i r e  speed and w t  loss% 

5’ i n  1 min s e c  a t  62-/r# 
Flzine o u t  X min 3 6 s e c  a t  - f Y - Y #  

**.7 .?slimes a s h e s  fi-on to?s  and. m i d  &ne m.ke n e g l i g i b l e  c o n t r i b u t i o n  t o  . .  . .: 
f.. , .  k 



c-- d d  

Q + ~ . S . ~ U ~ ~ P S  a s h e s  f r o n  t o p s  .and. mid .eke m k e  n e g l i g i b l e  c o n t r i b u t i o n .  t o  
': 

C i n - 1  --L 



@ accum. S c a l e  

. x  tr. d-  Y 

End F i r e  ( 2 )  f l -1 .L  - 
T o t .  l o s s  ( 3 )  98-8 

Weight o f f :  Gcale 

Tops (11) 2 Y - 0  

Piid cane ( 5 )  3 - L /  

F i r e  speed a.nd w t  l o s s :  

Flame o u t  2 mln 2-9 s e c  a t '  5 - / - 0 #  

. .  . .  

I **3.~suines a s h e s  from t o g s  and. m i d  c!ne m k e  n e g l i g i b l e  con t r ibu . t i on  t o  



Sca le  
accum. 

E O ~ Z  tr.  Y-Y 
Xid' cane ..- 

Top tr. yo-Y 

Tops (1) 79-9 

7 : - L  

End F i r e  ( 2 )  Cy-0 

Tot .  loss ( 3 )  L5-0 
- 

l leight o f f :  Gcsle  

Tops (4).32--0 
Kid cane ( 5 )  1-y 

rz. sh ( 6 )  0 (IF 

F 1 3 n t  w t .  T o t a l  
bef0i.e fire _. - t r a s h  j: Moistlire 

6 
min 

x 1742 
if p e r  Acre -=---+ / I 3  

by t r z s h  v r t  loss:** 

F i r e  speed and w t  l o s s :  

- @  5' in / min 30 sec  a t  6G4 # 

Flame o u t  2 rnin 3 0  s e c  a t  G Y - 0  # 



Desig .  - ..> Fue l  CLI ,!J i / A  - 2.. :- 

!klei?;ilt on: Rack ,? L I ,  

F d c: 1 V 

T.",' J 7' U..l !  .... I,' 2 ' x  2' 

Scale Pla .nt  w t .  Tota.1 
b e f o r e  f i r e  trash accum. . . .  . .  

End F i r e  ( 2 )  664& J? 
/ i t in 

Tot. .  loss ( 3 )  1 P O  

W t .  a f t e r  
Weight o f f :  . Gcale f i r e  ( c )  

TOPS . ( 4 )  j ; / - I L  (2 -4)  ,<GO 
. K i d  cane ( 5 )  ./-p (4 -5)  24  -9 

(6) 0 ** /-9 

jleigh t s i D 3 . r  t i c u l a t e  

A f t e r -  3. C 7 o 70 

_ .  

4 

F i r e  spe 

x 1742 
# p e r  Acre // 2 8 %  

. .  

d and lit 1 

.. 

Loss  
% *of 

t o t a l  loss  W t  . $ 

1 
P a r t i c u l a t e ,  # p e r  t o n  

by t o t s 1  wt l o s s :  
/ z  9 , t  
6 6  v c  - - x 5 $7 

(3) / 9  2000 

I by t r a sh  l o a d i n g :  

by t r a s h  t i t  loss:.'* 

/27,zI = 15.24 .,'z-c'; . . . . . .  g..< . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ___. 
?. 

S S I  



End F i r e  ( 2 )  q b - / z  E? - min 
To t .  l o s s  ( 3 )  / Y - 0  

Loss  
W t .  after % of 

f i r e  ( c )  wt . $ t o t a l  l o s s  Weight off: 6 ca l e  

# .-- I. mln see a t  -_-J. Flame o u t  
1 



S c a l e  
accum. 

E o t z  tr.  T-L" 
?<id czne 577-0 

End F i r e  ( 2 )  /05--& 

Tot .  l o s s  ( 3 )  ?,.I-? 
- 

Weight off ' :  6 ca l e  

Tops  (.4) y<-e. 

Kid csne ( 5 )  / - / q  
a s h  ( 6 ) '  . .e 

7 
min 

W t .  a f t e r  
f i r e  ( c )  

. .  . .  

Loss  
t o t a l  r: of l o s s  

W t  . $ 

I 
P a r t i c u l a t e ,  # p e r  t o n  

by t o t a l  wt l o s s :  

ssumes ashqs f r o n  - toas . .~~d . . -mld~ .~c~ . !ne  na.?te n e s l i p ; l b l e  c o n t r i b u t i o n  to 



F i l t e r  No. / 96 
de igh  t,s j 733.r t i c u k t e  P a r t i c u l a t e ,  j ,  per t o n  

I 

/ by t r z sh  w t  loss:** . .  



End F i r e  ( 2 )  80-1k s/ - min 
To t .  l o s s  ( 3 )  I -6  

Wt. a f t e r  
\ / e igh t  o f f :  6 c a l e  f i r e  ( c )  

L o s s  
$ of 

Wt. % t o t a l  l o s s  

iJe i gh t s 6 p a r t  i c u 1.2. t e  P a r t i c u l a t e ,  # p e r  ton 

A f t e r -  3 . 3  7 L !- by to t9 . l  ~t l o s s :  
I O  1.0 

_. - 
0 2  Y@b gr. .in sample 2000 
x 1.71 

Before- 3 . 2  t 7 

. o > ' / o ~ U  # i n  s t a c k  by t r a s h  l s i d i n g :  I 



Scale  
accum. 

e 
BO$L tr. 5-- 0 

Kid cane qiL-/7- 

Top tr. 6 /-0 

Tops (1) 9'k-0 

feight o f f :  Gcsle 

Tops ( 4 )  .T/-/L 

W e  i gh t s 6 133 r t i c u 3.s t e 

Af te r -  . 3 ,  U , V b  5' 

$ , .+L! ' !  

Plan t  w t .  
before f i r e  

! .J 

7 
min 

Wt. a f t e r  
f i r e  ( c )  

Loss  
5 of 

wt. $ t o t a l  l o s s  

~ a r t i c u l - a t e ,  li-' per '  ton 

by tots .1  w t  l o s s ,  

' i r e  spee 

by trzsh v i t  loss:** / 



S c a l e  
accum. 

0 

E o t s  tr. 3 -6' 

Mid c8ne vr-- &+ 

Top tr. g-2- -D 
Tops (1) 5%-d 

/ 

End F i r e  ( 2 )  5(/:4 
Tot .  l o s s  ( 3 )  7 $- Lf 

- 

Weight o f f  I Gcsle 

Tops ( 4 )  Y / : F  
,I*iid c ine  ( 5 )  

( 6 )  0 (Trash 
F i l t e r  No. 19.9 

ile i g h  t s 8 ? a r t  i c u ?.at e 

A f t e r -  3 .  3 3 I7 0 

7 
min 

, 
P a r t i c u l a t e ,  # psr  t o n  

by t o t 2 1  wt l o s s :  

x 17b2 
# per  Acre -3 9 Y . y  

by t rash  r u t  l o s s i*+  1 



M r .  B i l l  A r l i n g t o n  
F l o r i d a  Sugar Cane League, I n c .  
Post O f f i c e  Box 1148 
Clewiston, F l o r i d a  33440 

p ::. . .  . '. I.. ? 

i .  I'.. 

Dear M r .  A r l i n g t o n :  

, . I n  May, a s ' I  r e c a l l ,  I was c o n t a c t e d - b y  r e p r e s e n t a t i v e s  o f  t h e  . 
Palm Beach, F l o r i d a  H e a l t h  Department r e g a r d i n g . . t h e  use o f  t h e  eniis- 
s i o n  f a c t o r s  f o r  sugar,cane burn ing  as g i v e n  i n  AP-42. I had been 
i n v o l v e d  p r e v i o u s l y  i n  t h e  f a c t o r  developnient work w i t h  D r . .  Dar ley  
( o f  t h e  U n i v e r s i t y  of  C a l i f o r n i a )  and v a r i o u s  groups i n  Hawai i .  I 
was n o t  d i r e c t l y  i n v o l v e d  i n  t h e  p r e p a r a t i o n  o f  t h e  c u r r e n t  AP-42 . .  
sec t i on ,  however, and t h u s  had t o  go t o  t h e  r e f e r e n c e s  f o r  back- 
ground. I n  d iscuss ions  w i t h  the.  Palm Beach o f f i c e ,  I i n d i c a t e d  t h a t  
-the. sugar cane t e s t s  were on Hawai ian cane, b u t  t h a t  t h e  emiss ion 
f a c t o r s  shou ld  be e s s e n t i a l l y  t h e  same. I i n d i c a t e d ,  however, t h a t  
I would q u e s t i o n  t h e  l o a d i n g  f a c t o r s  as be ing  a p p r o p r i a t e  f o r  canes ' 

o t h e r  than those s i m i l a r  t o  t h e  Hawai ian cane. 

be t h e  Palm Beach o f f i c e ,  however, about 3'0-3516 o f  t h e  F l o r i d a  cane 
we igh t  was b e l i e v e d  t o  be consumed by t h e  b u r n i n g  opera t ion .  ' .Based 
on t h i s  f i g u r e ,  and a p p l y i n g  data I had on M i s s i s s i p p i  cane produc- 
t i o n  o f  r o u g h l y  35 tons/a'cre, I surmised t h a t  perhaps t h e  11 tons /  
acre " l o a d i n g  f a c t o r "  would n o t  be t o o  f a r  o f f .  They r e p l i e d  t h a t  
i t  was t h e  o n l y  i n f o r m a t i o n  t h e y  had and would use i t  i n  t h e i r  emis- 
s i o n  i n v e n t o r y  c a l c u l a t i o n s .  

Since these d iscuss ions ,  you have assured me t h a t  the'"30-35% 
burned'' f i g u r e  i s  n o t  t y p i c a l  and i s  t o o  h igh,  perhaps b y  a f a c t o r  
of  two o r  niore. I have no b a s i s  t o  r e f u t e  t h i s  f i g u r e ,  b u t  do n o t  
fee l  I can i n i t i a t e  a r e v i s i o n  o f  AP-42 on t h i s  l e v e l  o f  in fo rma-  
t i o n .  
i n  AP-42 t o  make i t  c l e a r  t h a t  i t  i s  a p p l i c a b l e  t o  Hawai ian cane and 
probab ly  d i f f e r s  elsewhere.. 

Accord ing  t o  t h e  understanding of  .the i n f o r m a t i o n  g i v e n  t o  me n' 

I do p l a n  t o  add a f o o t n o t e  t o  t h e  e x i s t i n g  l o a d i n g  f a c t o r  

. .  

. .  
. .  

,: ... t 



2 

You h a v r i n d i c a t e d  an i n t e r e s t  ill c o n d u c t i n g  a t e s t ,  o r  ' s e r i e s  
I encourage such a o f  t e s t s ,  t o  p r 0 v i d e . a  more appropr iaI . r? number. 

s t u d y  and sugges t  t h a t  e i t h e r  Palm Bc<icii County H e a l t h  Department, 
t h e  S t a t e ' o f  F l o r i d a  and /o r  some l e v e l  o f  a g r i c u l t u r a l  agency be 
i n v o l v e d  t o  assu re  t h a t  t h e r e  wou ld  n o t  be c l a i m s  o f  b i a s  and t h a t  
such d a t a  would be ' g e n e r a l l y  accepted .  I w o u l d  be w i l l i n g  t o  i n c l u d e  
such ' r e s u l t s  i n  AP-42 f o r  use by  o t h e r  groups.:  I f  i n t e r e s t  w a r r a n t s ,  
I w i l l  a l s o . t r y  t o  i n v e s t i g a t e  t h e  development and i n c l u s i o n  o f  l o a d -  
i n g  f a c t o r s  s p e c i f i c  t o  M i s s i s s i p p i ,  L o u i s i a n a ,  and Texas canes i f  , 

t h e y  a r e  found  t o  d i f f e r  s i g n i f i c a n t l y .  

C u r r e n t l y ,  we. do n o t  have any funds  a v a i l a b l e  f o r  a s s i s t i n g  i n  

Perhaps one o f  t h e  o t h e r  g roups  ment ioned m i g h t  
t h e  s t u d y  o f  t h e s e  l o a d i n g  f a c t o r s . .  I do n o t  t h i n k  t h e  expense wou ld  
be grea-t, however. 
have f u n d s  o r  manpower a v a i l a b l e  t o  a s s i s t .  I f  t h e  l e v e l  o f  em iss ions  
i n v o l v e d  were o f  such consequence as t o  i n v o l v e  a S t a t e  Imp lemen ta t i on  
P l a n  r e v i s i o n ,  perhaps EPA Region I V  o f f i c e s ' i n h A t 1 a n t a  wou ld  be 
i n t e r e s t e d .  

I have had a copy o f  Supplement 7 t o  AP-42 m a i l e d  t o ' y o u  under  

I a p p r e c i a t e  y o u r  i n t e r e s t .  i n  these  l o a d i n g '  f a c t o r s  and w i l l  be 

separa te  c o v e r  and ,you  shou ld  r e c e i v e  i t  s h o r t l y .  

- i n t e r e s t e d ,  i n  t u r n ,  i n  any r e s u l t s  wh ich  we can u s e . t o  f u r t h e r  improve 
AP-42. 
s t a n d  ready  t o  a s s i s t  t o  t h e  l e v e l  t h a t  I can. 

I a w a i t  t h e  r e s u l t s  o f  'any s t u d y  t h a t  y o u  m i g h t  d e v e l o p ' a n d  

S i n c e r e l y  you rs ,  .. . 
./-.. I 5 i L l & J 4  
". 0 - k - James H. Sou the r land ,  C h i e f  

Source A n a l y s i s  S e c t i o n  
A i r  Management Technology Branch 

John BOSch, bID-14 
B o h t  M a r t i n ,  Palm Beach Counth H e a l t h  Department 
M r .  G. T. Helms, C h i e f ,  A i r  Branch, Reg ion  I V ,  A t l a n t a  

Ut@ 
M r .  BeBert M a r t i n  
Palm Beach Counth H e a l t h  Dept .  
826 E v e r i n a  St. . 

' ~ West Pa lm~Beach,  F l a .  33401 . -  
___ .- ._ 
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Y : . .  . .  

W .  Jim Southerland, EnvirOnmintal Engineer 
Office of A i r  Q u a l i t y  Planning and Standards 
E n v h n r n e n t d  P ro tec t ion  Agency' 
Research Tr i ang le  Park, N O W .  Caro l ina ,27711 

Dear Jim: / 
& . p e r  o w  phone conversa t ion  of last Friday, I have enclosed p- - .  

a copy of Ed h i ' s  July 26th let ter t o  me and a copy o f  t h e  data 
he suppl ied.  
f a c t o r  f o r  sugarcane f ie ld  burning shown in t h e  supplement No. 6 
t o  t h e  AP-42 ' o r ig ina t ed  in H a w a i i .  .Your confirmation of this w i l l  
be appreciated.  

I be l i eve  t h e  d a t a  v e r i f i e s  that t h e  f u e l  loading  

&ah, thanks f o r  611 t h e '  kelp and cooperation. 

., . .. ' .  
S i n c e F l y  . .  , 

' 'e . .  

B i l l  Arlington 
Envi romen ta l  S p e c i a l i s t  

. .  
. .  

WCW 

Enclosure 
: 

. .  
' . I .  

. .  ..* 

- 1 . .. .. . -  . ~ .  

. . . .._ 

, 

.. 
"REPRESENTING FLORIDA . . .  SUGAR . .  C4N.E O,WE%S,~A,ND, PROCESSORS , .,_ -. . . .  .. . . I : : _ .  
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J u l y  2 6 ,  197.7 

/ 

M r .  B i l l  Ar l ing ton  
Environmental '  S p e c i a l i s t  
F l o r i d a  Sugar Cane League, Inc .  
P.O. Box 1148 . .  

, ,  
. .  . . *, ..... ,,; 

, .. Clewiston,  F lor i .da  33440 .. . .  

. .  -. '. 
Dear B i l l :  

Enclosed i s . i n f o r m a t i o n  t h a t  may be h e l p f u l  t o  you i n  so lv ing  
your p r e s e n t .  problem. 

The f i r s t  is a t a b l e  showing t h e  d a t e s  .of sampling, t h e  f i e l d  
be ing  ha rves t ed ,  t h e  v a r i e t y  ha rves t ed  and t h e  sample designa-  
t i o n .  As shown i n  t h e  t a b l e ,  t h r e e  v a r i e t i e s  were inc luded  i n  
t h e  test .  N o  s i g n i f i c a n c e  should be a t t r i b u t e d  t o  t h e  v a r i e t i e s  
t es ted .or  t o  t h e  number of samples o f  e a c h . v a r i e t y .  S e l e c t i o n  
of t h e  v a r i e t y  samples was .based  s t r i c t l y  on t h e  f i e l d  s e l e c t e d  
f o r . h a r v e s t  by t h e  p l a n t a t i o n .  

The second e n c l o s u r e  c o n t a i n s . t h e  d a t a  and . a n a l y s i s  f o r  t h e  
f i e l d  weight  l o s s  s tudy .  
amount of f u e l  a c t u a l l y  burned pe r  a c r e  du r ing  t h e  test .  I 
have h i g h l i g h t e d  t h e  average  weight l o s s  i n  yel low.  ,This f i g u r e  
w a s  used i r c a l c u l a t i n g  t h e  emission rate f o r  cane burning i n  
H a w a i i .  

I am s u r e  you have a ' c o p y  of t h e  Darley r e p o r t ' b u t  I enc lose  one 
anyway s i n c e  it d e s c r i b e s  t h e  procedures  used i n  t h e  test. The 
weight  loss procedures  are desc r ibed  g e n e r a l l y  on pages 3 and 4 .  
I have h i g h l i g h t e d  t h e  a p p r o p r i a t e  sections.  

O n  pages i v  and 1 2  of t h e  r e p o r t ,  Darley shows m a x i m u m  p a r t i c u -  
l a t e  e r n i s z o n s  o r 8 . 4  l b / t o n  and 133 l b / a c r e  a t  99% conf idence .  
The b a s i s  . f o r  t h e  weight  ( l b / t o n )  f a c t o r  i s  obvious.  The b a s i s  
f o r  t h e  a r e a  ( l b / a c r e )  f a c t o r  i s  t h e  a r e a  (5' x 5 ' )  from which. 
t h e  sarrple w a s  ha rves t ed  e x t r a p o l a t e d  t o  a f u l l  a c r e .  The area. 
f a c t o r  was rejected f o r  u s e  in .  Hawaii because t h e  burning con- 
d i t i o n s  i n  t h e  tes t  tower were n o t  e x a c t l y  t h e  same as t h o s e  i n  

These d a t a  w e r e  used t o  calculate  t h e  

, t h e   field,.^ .on the.other . .hand. ,  it w a s f e l t  t h a t  t h e  weight 
f a c t o r  would l i k e l y  be r e p r e s e n t a t i v e  i n  s p i t e  of t h e  d i f f e r e n c e s .  
Thus t h e  emiss ions  of p a r t i c u l a t e  matter- from cane  burning i n  
HawaLi a r e  (8.4 l b / t o n )  x (10.9 t o n s / a c r e )  x (number of a c r e s  
bu rned) .  I 

. .  
cz ILk 

HAWAIIAN SUGAR PLANTERS' ASSOCIATION 
99 193 AlEA HEIGHTS DRNE PH (808) 487 5561 MAILING ADDRESS PO BOX 1057 AlEA HAWAII 96701 



p r .  Bill Arlington 

.July 26, 1977 

We do' not believe that any of .the area emission factors 
computed by Darley can be generally applied. 
you face is in determining'the weight loss for your conditions. 
While it.may seem obvious that your weight loss would be less 
than ours due to lighter cane tonnages, I would hate to 
speculate on the amount. You should plan your own testing ' .  

program to determine a figure. , 

I hope this information is of use to you. .Please call me if 

The difficulty 

you 'have any questions. i ' 

. .  Very ,truly yours, 

LA-. 
Edward J. Lui. 
Director of Environmental A f € a . i r s  

Enclosures 

. .  

. . -  . .  
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;1 .. Hawaiian Suear Plaiiters'  Assoc iat ion 

POLLUTION STUDIES 

CANE BURNLNG TESTS 
a t 3 a t i u  Sugar Company 
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I (* j "FG Ser ie s  samples  ruined; A i r l i n e s  f a i l e d  t o  n o t i f y ' l ) ~ .  Darley about 

a r r i v a l  o f  s a m p l e s .  - .  
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CLEWISTON, FLORIDA 33440 

Mr. T. G. Helms, Chief 
Air Branch, Region IV 
United States Environmental 
Protection Agency 

345 Courtland Street 
Atlanta, Georgia30308 

and 

Mr. James H. Southerland, Chief 
Source Analysis Section 
United States Environmental 

Office of Air Quality Planning 

Research Triangle Park, North Carolina 27711 

Protection Agency 

and Standards 

- 
I ) '  

'. ' 7 

* i  

* L  
I . I ,  

~ i; 

Gentlemen: 

This letter is intended to serve as a basis for our 
discussion with you in Atlanta on Monday, December 12, 1977. 
The purpose of the meeting is to discuss the need and 
justification for reducing the "fuel loading" factor as 
previously used in EPA manual AP-42 for burning sugarcane 
as it relates to Florida. 

AS you know, the emission and loading factors have been 
based on studies done on Hawaiiaq sugarcane by Dr. Ellis 
D p e y  of the University of California at Riverside and the 

Hendrickson of Environmental Science and Engineering talked 
with Dr. Darley and he? strongly emphasized that the Hawaii 
loading factors should not be used for Florida because the 
nature and amount of cane are so different. Hawaii's average 
production per acre is 92 tons and in Florida it is 3 3 \  
tons (five year average, 1970-75). In Hawaii the cane 
grows for 2 years before harvest and in Florida cane is 
harvested after 1 year or less of growth. 

Hawaii State Department of Agriculture. Recently, Dr. E. R. I ,  . ' 

k\\\~h C & d  

\ M  

/ .'REPRESENTING FLORIDA SUGAR CANE GROWERS AND PROCESSORS" I/ 



.> Mr. T. G. Helms 
Mr. James H. Southerland 
Page Two 
December 9, 1977 

Based on the position of Dr. Darley and our own 
knowledge of the dissimilarities between sugarcane in the 
two. areas, the Florida Sugar Cane League believes EPA 
should adopt a more realistic loading factor for Florida. 

for EPA to revise its 1oading.factor for Florida because 

leaves that have dried. Since leaves f.orm at about the same 
interval on the stalk during the growing period, the taller, 
longer and more dense growth produces proportionately more 
leaves and thus more dry combustible material.' This ratio 

We believe the tonnage ratio is adequate justification 

the vast majority of combustible material is sugarcane -fc 

would produce 3.9 tons per acre for Flori s opposed to y.5 ,/ L" . 2'' ,> 11 tons for HawaiikmJ9-2-x-H-= 3.9 tons). --.-. 

&* by... * * , 9. w?[:,q i&y 8 .' Following our meeting with Palm Beach County officials 
on August 25, 1977, on;this matter, we agreed to cooperate 
in a research study to more precisely quantify the loading 
factor for Florida, provided funding could be arranged. We 
reiterate our willingness to.cooperate in such a study, if 
EPA feels a study is necessary. However, in recent weeks 
Dr. Joe Orsenigo, Director of Research for the League, has 
searched the.literature and found some studies which lend 
support to the premise that combustible material is highly 
correlated with tons of cane per acre. We felt you would want 
to have the benefit of this data and the following summary, 
with attachments, is provided: 

'Hi- Evans and Hardy, reporting from Trinidad in 1948, 
concluded that the ratio of'sugarcane stems (stalks) to - x - o  
total trash stripped from the plants is about 4:l. 
concluded that a 40 T/A crop will be accompanied by about 

Not all of the trash is combustible. (Evans, L. J. C. 

They ' , 
.23% >M 

Hardy. 1948. Yields of Sugarcane Trash. Trop. '$ and F. 

, .k 
q'10 T of trash consisting.of tops, green leaves and dry leaves. 

Agr. 23 (12):224,225.) .. 
I 

The trash content of C1. 41-223 sugarcane' in Florida 

,. . ' 

.. . 

was determined by Clayton and Churchill in the 1971-72 
season. Table 1 of their article lists green and total 
trash contents. They concluded that 8 to 10% trash was 
burned off in pre-harvest. They do not cite the cane ton- 
nages or methodology used, but in a personal'communication, 
Mr. Clayton stated that the tabular values were based on 

a i  
averages of three 400-pound samples per date working in cane ;Fz*,y 
of about 35 T/A. ' I  

' J d  .qui'/ ,",- I 
With reference to Table 1, on 12-16-71, a total trash 

content of 27.9% in unburned cane was reduced to 18.0%. 
following burning; a reduction of 9.9%. If we assume a 3:1 
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relationship betwe.en millable stalks an2 non-millable 
above ground cane (trash), the 35 T/A yield would translate 
to about 47 T/A total plant,material in the field.. The 
9.9% applied to 47 T/A yields about 4.7 
off in 35 T/A cane, equivalent to about 
cane. (Clayton, Joe E. and Donald B. 
Cleaning Sugarcane During Harvest: Cleaning Rolls or 
Pneumatics. Amer. SOC. Sugar Cane Tech. 1972 Mtgs. Proc. 2 
(NS) : 143-146.). 

Irvine partitioned CP 65-357 sugarcane in Louisiana. 
Dead leaves which had shed from the plant were not recovered. 
.He reports only dead leaves attached to-the plant at sampling 
and all percentages are based on a total plant basis, 
including stubble and roots. Table 1 illustrates the following' 
percentages of total plant weight for these respective parts 
subject to combustion: leaf blade, 11.1%; leaf sheathes, 
4:3% and,dead leaves, 4.3%. Expressed proportionately on an 
aerial plant portion basis, these percentages are equal to: 
12.4, 4.8, and 4.8, respectively. The estimated burnable 
portions'of the above fractions are: 20, 25, and loo%, 
respectively which suggests that fire consumes about 2.5% 
leaf blade, 1.2% sheathes, and 4.8% d_ead-1 aves for a total- #> 
of, 8.5% of the above ground plant. cf, L 5 3 i s  added for 
unrecovered.dead leaves, a total of 10% of the above ground 
plant material is burned. This would equal 4.0 T/A for 40 
tons total cane per acre. (Irvine, J. E. 1977. Distribution 
of Carbohydrates and Potassium in Sugarcane Parts. h e r  
S O ~ .  Sugar Cane Tech. 1976 Mtgs. Proc. 6(NS):53-57.) 

was not designed to answer the fuel loading question, but 
it may be applicable to estimating the amount of material 
consumed in the pre-harvest burn. This study indicates 
trash values of 4.74% for burned cane and 13.04% for green 
'cane, a trash reduction of 8.30% (Table 10). If we can 
assume that this trash reduction represents the actual, 
percentage loss applied proportionately.to the standing' 
crop on a 3:l relationship betweenmillable stalk and non- 
millable above ground cane, 40 tons total cane per acre 
would yield about 30 tons of millable cane and 10 tons of 

through burning, the fuel load would equal abou 

Comparison of Green and Burned Sugarcane. Univ. of. Florida - 
IFAS Tech. Bul. 794. IN PRESS'.) 

We believe this data adds support to our contention that 
cane tonnage and the amount of combustible material are 
highly correlated and that Florida cane produces on the order 

-- 

The University of Florida "green vs burned cane" 

non-millable material. At the equivalent 11% 

per acre (40 x 11%). (Orsenigo, J. R. 1978. 

. .  
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9 Mr. T. G. Helms 
Mr. James H. Southerland 

December 9, 1977 

of 4 tons of combustible material per acre. The League 
believes that EPA is fully justified in revising the AP-42 
manual accordingly for Florida sugarcane. In the interest 
of fairness, we therefore make the request that you do this 
in the manual now being revised. 

Should EPA later wish to have a study conducted in 
Florida, and the necessary funds are obtained, we, of course, 
would be willing to cooperate. 

’? Page Four 
/’ 

\ 

‘ncerely you , h- 
I J. Nelson Fairbanks 

Vice President & General Manager 

JNF : dd 
Enclosures 
cc: Environmental Quality Committee 

Technical Subcommittee 
Mr. Frank J. Gargiulo - PBCHD 
Mr. Eugene J. Sacco - PBCHD 
Mr. Mike Martin - PBCHD 
Dr. E. R. Hendrickson 
Dr. J. R. Orsengio 
Mr. Bill Arlington 

I 
I 
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- .  DIRECTOR , 

January 13 ,  1978 

M r .  James H .  Southerland 
Environmental Engineer 
Chief, Source Analysis Sect ion 
Office of A i r  Qual i ty  Planning and Standards 
U.S.E.P.A., Mail Drop-14 
Research Triangle  Park,  N . C .  27711 

Dear Mr. Southerland: 

On December 21, 1977,  I met with Mr. Barney Ei land ,  Agr i cu l tu ra l  Engineer,Sugarcane 
Harvesting Research U n i t ,  United S t a t e s  Department o f  Agr icu l ture ,  Be l l e  Glade, 
F lor ida  t o  d i scuss  and t ake  p a r t  i n  a t r a s h  determinat ion s tudy.  
u n i t  concentrates  i t s  work on new v a r i e t i e s  of sugarcane which is being considered 
f o r  commercial use. 
s i m i l a r  t o  commercial v a r i e t i e s  and would give me an idea of t h e  amount of  
ma te r i a l  which would be capable of being burned during a t y p i c a l  F lo r ida  sugar- 
cane burn. 

M r .  E i l and ' s  t r a s h  s tudy involved eleven research  v a r i e t i e s  and one commercial 
v a r i e t y .  
cleaned and separa ted  i n t o  f i v e  s e c t i o n s  t o  be weighed. 

c- 

The research  

Mr. Eiland s t a t e d  t h a t  t hese  research  v a r i e t i e s  a r e  q u i t e  

A f i v e  s t a l k  sample taken from each group was c u t .  The cane was 
These s e c t i o n s  a r e :  

A .  Clean 5 - S t a l k  Weight 
B .  5 - Sta lk  Dry Attached Leaves 
C. Dry Ground Trash 
D. 
E .  

5 - Sta lk  Green Leaves Weight, and 
5 - Sta lk  Top Weight. 

An assumption was made t h a t  a l l  t h e  dry a t t ached  leaves  and dry ground t r a s h  
was consumed during a burn.  

In  add i t ion  t o  the  a c t u a l  weight of m a t e r i a l  per  t h e  above d i v i s i o n s ,  t h e  number 
of p l a n t s  (cane s t a l k s )  pe r  ac re  would be needed t o  determine t h e  loading f a c t o r .  
The number of p l a n t s  per  ac re  va r i ed  between 25,000 t o  35,000, average being 
about 30,000. 
t h e  amounts of ma te r i a l  per  ac re  which can be burned. 
mu l t ip l i ed  by t h e  

Using the  average allowed us t o  s e t  up a simple problem t o  f i n d  
The t o t a l  dry t r a s h  weight 

# p lan t s / ac re  d iv ided  by 2,000 (conversion of pounds t o  tons )  
divided by t h e  number i n  our sample y i e l d s  t h e  tonnage of  ma te r i a l  burned. b 

Example: Tota l  dry t r a s h  X # p l a n t s  per  a c r e  i 2,000 f 5 = Tons ma te r i a l  
burned. 
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James H. Southerland 

The following is a summary of t h e  d a t a  co l l ec t ed  f o r  two v a r i e t i e s  which repre-  
s e n t s  t h e  tho major commercial varieties harvested '  i n  F lo r ida .  Each da ta  po in t  
r ep resen t s  t h e  average o f ' t h r e e ' s a m p l e s :  

1. Variety:  CP74-1028 (a' research  v a r i e t y  s imilar  t o  commercial v a r i e t y  
CP63-588, which comprises approximately 35% of  the ' sugarcane  acreage)  

Clean 5-Stalk Weight : 24.0 lbs. 
5-Stalk Dry Attachea Leaves : 1 . 0  l b s .  
Dry Ground L i t t e r  : 0 . 7 1  lbs 
5-Stalk Green Leaves : 2.34 lbs. 
5-Stalk Top'Weight : 1.0  l b s .  

This v a r i e t y  would have a t o t a l  dry weight o f  1 . 7 1  l b s .  
(1 .71  X 30,000 5 2,000 f 5 = 5.13 Tons) 

2 .  Variety:  CL41-223 (commercially grown, 15% of  t h e  sugarcane acreage) .  

Clean 5-Stalk Weight : 14.08 l b s .  
5-Stalk Dry Attached Leaves : 0.96 lbs. 
Dry Ground L i t t e r  : 0.26-! lbs .  
5-Stalk Green Leaves : 3.13 lbs. 
5-Stalk Top Weight : 1 .31  lbs. 

This v a r i e t y  would have a t o t a l  dry weight .of  1 . 2 5  l b s .  
(1.25 X 30,000 

If w e  were t o  t ake  the '  Tota l  Dry Weight f o r  t h e  twelve samples t h a t  comprised 
t h e  Trash Test ( t h e  two varieties above would be inc luded) ,  t h e  average f o r  
t h e  twelve v a r i e t i e s  would have an average t o t a l  dry weight of 1.67 Ibs. 

2,000 A 5 = 3.75 Tons') 

(1 .67 X 30,000 f 2,000 : 5 = 5.01 Tons) 

It would appear t h a t  t h e  loading factbr f o r  F lor ida  sugarcane may be i n  t h e  5 ton 
However, t h i s  f a c t o r  would be increased  when t h e  f i e l d s  had been 

t r e a t e d  with chemicals, paraquat or p o l a r i s ,  or the '  r e s u l t  of f r eeze  damage. 
Paraquat is a d e f o l i a n t  and p o l a r i s  is a sucrose enhancer. Both affect t h e .  
moisture content  of t h e  green cane l e a f .  Although t h e  a c t u a l  affect on t h e  
loading f a c t o r '  is no t  known, it was est imated t h a t  approximately 1 Ton p e r  a c r e  
could be added t o  t h e  f i re  load .  

Another problem t h a t  may e n t e r  i n t o  t h e  loading f a c t o r  determination is t h a t  of 
a second burn which reduces t h e  amount of t r a s h  l e f t  i n  t h e  f i e l d  after harves t ing .  
This agency is aware t h a t  t h i s  p r a c t i c e  is used occas iona l ly  bu t  t he  numbers of 
acres and quan t i ty  of material burned i s  no t  known. 

Also enclosed f o r  your information are copies of s e v e r a l  s tud ies 'which  may be 
of some he lp  t o  provide a real is t ic  f u e l  loading f i g u r e  f o r  F lo r ida  sugarcane. 

J p e r  ac re  range. 
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Should you have any f u r t h e r  quest ions concerning t h i s  mat te r ,  p l ease  contac t  
t h e  undersigned. 

S incere ly ,  

For t he  Direc tor ,  Division of Environmental 
Sciences and Engineering 

Michael Martin 
Pol lu t ion  Control S p e c i a l i s t  I 
A i r  Po l lu t ion  Control 

FJGJMMISLP 

Enc . 

I 



25 n o d e s  p e r  s t a l k ,  F l o r i d a  c a ~ ~ e  = 10-111 g r e e n  l e a v e s  p e r  
s t a l k  a n d  1 2 - 1 5  d r y  l e a v e s  p e r  s t a l k .  

1 / 3  o f  y i e l d  o f  c a n e  p e r  a c r e  i s  t h e  t o t a l  t r a s h  c o n t e n t .  

1 / 2  o f  t h e  t o t a l  t r a s h  c o n t e n t  i s  c o m b u s t i b l e  m a t e r i a l .  
. .  

. .  . 
A v e r a g e  y i e l d  o f  c a n e  p e r  a c r e  3 3 T f a c r e  - 'J I_'&w Jul-9 

)(lL' o f  3$ /ac re  =' 1 0 . 8 9  t o t a l  t r a s h  

1 / 2  o f  t o t a . 1  t r a s h  1 0 . 8 9  = c a m b u s t i b l e s .  
1 / 2  o f  

D e s s i c a n t s  ( p a r a q u a t )  a p p l i e d  t o  a c a n e  f i e l d  c a n  make up  t o  
a 5 %  d i f f e r e n c e  i n  t r a s h  c o n t e n t .  

5 . 4 4 5  T / a c r e  x . 0 5  - 0 . 2 7 2 2 5  

5 . 4 4 5  + 0 . 2 7 2 2 5  = 5 . 7 1 7 2 5  L o a d i n g  f a c t o r .  

H a w a i i  Cane 
A v e r a g e  y i e l d  9 0 T / a c r e  
w i t h  a b o u t  1 2 %  c o m b u s t i b l e  
T w i c e  as much l e a f  m a t e r i a l .  
90 x . 1 2  = 1 0 . 8  T / a c r e  c o m b u s t i b l e .  

H a w a i i  F l o r i d a  

20 ' 
H i g h  

P 

20 d r y  l e a v e s  

10' High  

1 0  d r y  l e a v e s  = 10% t r a s h  
k l b .  d r y  leavve%=31% t o t a r  

t r a s l  

% l b .  d r y  l e a v e s  = 1 7 %  t o t a l  t r a s h  

5 



S t u d y  
F a c t o r s  : 
Y i e l d  p e r  a c r e  - h e a v y  medium, l i g h t  Sample t a k e n  f r o m  a row 
2 5 ' - 3 5 '  i n  1eng. i ;h .  
5 t o  1 0  samples 
Hand s t r i p  s a m p l e s  
T a k e  s a m p l e  - 3 rows i n s i d e  f i e l d  

Take  as s o o n  as p o s s i b l e .  
1 0 0  f l ; .  f r o m  e n d  o f  row. 




