
= '  , & FOREST SERVICE i 
' U.S. DEPARTMENT O F  AGRICULTURE 

INTERMOUNTAIN FOREST AND RANGE EXPERIMENT STATlON 
507 - 25th Street, Ogden, Utah 84401 

USDA Fore s t  S e r v i c e  
Research Note INT- 229 September 1977 

PRELIMINARY GUIDELINES FOR PRESCRIBED BURNING 
UNDER STANDING TIMBER IN WESTERN LARCH/DOUGLAS-FIR FORESTS 

Rodney A. ~ o r u m '  

ABSTRACT 

GdideZines are of fered for safe ,  e f f e c t i v e  f i r e  t r e a t-  
ments i n  western Zarch/DougZas-fi r fores ts .  Describes proce- 
dures for est imating and l imi t ing  the  scorching of  t r e e  c r o w s .  
Provides a method for predicting percentage of  the  fores t  f Zoor 
t h a t  ui 11 be burned doun t o  mineral soi 2 .  

KEYWORDS: f i r e  management, p r e sc r ibed  f i r e ,  f i r e  
p r e s c r i p t i o n s ,  unde r s to ry  burn ing ,  
f i r i n g  t e chn iques .  

To s u c c e s s f u l l y  conduct a  b roadcas t  p r e s c r i b e d  f i r e  beneath s t and ing  t r e e s ,  some 
means must be  found t o  l i m i t  f i r e  i n t e n s i t y  and y e t  p rovide  a  d e s i r e d  t r ea tmen t .  By 
us ing  a  form o f  f i r i n g  t h a t  w i l l  c o n t r o l  t h e  r e l e a s e  o f  hea t  a long  wi th  c a r e f u l  s e l e c -  
t i o n  of burn ing  c o n d i t i o n s ,  a  s a f e  and s u c c e s s f u l  f i r e  benea th  s t and ing  t imber  i s  
p o s s i b l e .  I n  a  t y p i c a l  western l a r ch /Doug la s - f i r  f o r e s t  (SAF-212), c o n s i d e r a b l e  c a r e  
must be  t aken  when p lanning  t h e  i g n i t i o n  p a t t e r n  and when s e l e c t i n g  and wa i t i ng  f o r  t h e  
c o r r e c t  burn ing  c o n d i t i o n s .  Less c a r e  may be r equ i r ed  i n  o t h e r  f o r e s t  s i t u a t i o n s  such 
a s  i n  l a r g e ,  widely spaced ponderosa p i n e s ,  wi th  l i g h t  f u e l  l oad ings  benea th ,  o r  p e r -  
haps i n  a  wes te rn  l a r c h  seed t r e e  c u t  where t h e  r e s i d u a l  t r e e s  a r e  massive,  f i r e -  
r e s i s t a n t  o l d  v e t e r a n s .  Even i n  t h e s e  c a s e s ,  c o n t r o l  o f  f i r e  i n t e n s i t y  and a t t e n t i o n  
t o  burn ing  c o n d i t i o n s  a r e  a d v i s a b l e .  In  y e t  o t h e r  f o r e s t s  t y p e s ,  such a s  lodgepole 
p i n e  o r  sp ruce  s t a n d s ,  extreme c a r e  must be used i f  t h e  r e s i d u a l  s t a n d  i s  t o  be  kept  
a l i v e .  The guidance o f f e r e d  h e r e  is  most s u i t a b l e  f o r  old-growth western larch/Douglas-  
f i r  s t a n d s ,  e i t h e r  i n  n a t u r a l  c o n d i t i o n  o r  where ha rves t ed  by p a r t i a l  c u t t i n g .  The 
du f f  r e d u c t i o n  informat ion  a p p l i e s  e q u a l l y  wel l  on c l e a r c u t ,  uncut ,  o r  p a r t i a l l y  c u t  
a r e a s  t h a t  a r e  b roadcas t  burned.  
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HOW TO BURN UNDER STANDING TIMBER 

Burnine P a t t e r n s  

Heat can be d i spe r sed  by means of  a  f i r i n g  p a t t e r n  t h a t  consumes f u e l  i n  c o n t r o l -  
l ed  amounts and t h a t  r e l e a s e s  hea t  s lowly and evenly.  Probably t h e  b e s t  means o f  f i r i n g  
i n  t h e  unders tory  i n  t h e  western la rch /Douglas - f i r  t ypes  i s  a  s e r i e s  of  s t r i c t l y  l im i t ed  
s t r i p  h e a d f i r e s .  A s  t h e  name sugges t s ,  s t r i p s  o f  f u e l  a r e  i g n i t e d  and burned o u t ,  be- 
g inning  a t  t h e  upslope end o f  t h e  f i r e  a r e a ,  o r  t h e  downwind end i f  t h e  t e r r a i n  i s  f l a t .  
Once a  s t r i p  has burned ou t  t o  a  low l e v e l  of f i r e  a c t i v i t y ,  t h e  next  s t r i p  i s  i g n i t e d ,  
and so  f o r t h ,  u n t i l  t h e  f i r e  t rea tment  i s  completed. In  proper  f u e l s  a  backing f i r e  
i s  a t  l e a s t  a s  good a s  s t r i p  head f i r i ng ;  however, f u e l  c o n t i n u i t y ,  f u e l  s i z e  c l a s s  
d i s t r i b u t i o n ,  and f u e l  moisture conten t  a r e  u s u a l l y  unfavorable  f o r  a  backing f i r e  i n  
western la rch /Douglas - f i r  f o r e s t s .  S t r i p  head f i r e s ,  properly conducted, a r e  much more 
f l e x i b l e .  

Hazards 

To r eap  t h e  b e n e f i t s  o f  s t r i p  h e a d f i r i n g ,  two r u l e s  must be fol lowed.  F i r s t ,  a  
s t r i p  must be allowed t o  burn u n t i l  f i r e  i n t e n s i t y  markedly drops before  proceeding t o  
t h e  next  s t r i p .  Second, s t r i p  width must be small enough t o  prevent  t h e  f u l l  flame 
he igh t  and width of  a  f ree-burn ing ,  forward-spreading f i r e  from developing.  I f  e i t h e r  
r u l e  i s  v i o l a t e d ,  damage t o  t h e  s tand  i n  t h e  form o f  tree-crown scorch w i l l  i n c r ea se ,  
sometimes d r ama t i ca l l y ,  along wi th  more f requent  crown f i r e s  and t h e  danger of spo t  
f i r e s .  

Research shows t h a t  when broadcas t  burning i n  western larch/Douglas-fir stands with  
down, dead woody f u e l  load ings  from 5- t o  50- tons /acre ,  15- t o  20-foot s t r i p s  i s  t h e  
l i m i t  f o r  c o n s i s t e n t  c o n t r o l  o f  t h e  f i r e  i n t e n s i t y .  These l i m i t s  should be observed and 
adopted where s i m i l a r  f u e l s  a r e  t o  be burned i n  t h i s  f o r e s t  type .  ( S t r i p s  can be nar-  
rower i f  f i r e  behavior  i n d i c a t e s  t h e  need f o r  t i g h t e r  c o n t r o l  o r  l i m i t a t i o n . )  

Success fu l  unders tory  burning i n  heavy down, dead, woody f u e l s  r e q u i r e s  pa t i ence .  
A s t r i p  must be allowed t o  burn up before  another  i s  i g n i t e d ,  and impatience must not  
l e ad  t o  wider and wider s t r i p s .  Pa t ience  is  a l s o  needed when wai t ing  f o r  t h e  c o r r e c t  
p r e sc r ibed  cond i t i ons  f o r  burning.  

Avoidine Crown Scorch 

One means t o  determine t h e  need f o r  narrower s t r i p s  i s  t h e  flame he igh t  i n  a  s t and .  
Pre l iminary  d a t a  i n d i c a t e  t h a t  Douglas- f i r  wi th  60 percent  o f  t h e  crown scorched w i l l  
probably no t  su rv ive .  Western l a r c h  and ponderosa p i n e  can appa ren t ly  s tand  more 
scorch  than  Douglas- f ir ;  t h e  exac t  amount i s  unknown. L i t t l e  i s  known about o t h e r  
s p e c i e s  i n  t h e  Rocky Mountains. Un t i l  s t u d i e s  g ive  more e x p l i c i t  guidance, crown 
scorch  i n  Douglas- f i r  should be l e s s  than  60 percent  o f  crown l eng th .  

Alb in i  (1975) has  presen ted  a  crown scorch  model ( f i g .  1 )  t h a t  r e l a t e s  flame length  
t o  scorch  he igh t  on a  s tandard  (77" F) day. The curves r ep re sen t  d i f f e r e n t  windspeeds. 
To use  t h e  curves ,  e s t ima te  maximum l eng th  of t h e  f lames,  measure windspeed, and look 
up t h e  maximum scorch  he igh t  on t h e  c h a r t .  Measure t h e  temperature and go t o  f i g u r e  2  
t o  e s t ima te  t h e  scorch  he igh t  t h a t  i s  occur r ing .  For example, i f  t h e  temperature i s  
60" F and t h e  es t imated  flame l eng th  i s  4 f e e t  with a  5  mi/h wind, t h e  maximum scorch  
he igh t  i s  about 18 f e e t .  A t  60" F, t h e  a c t u a l  scorch  he ight  i s  about 0.75 of  maximum 
o r  about 13 .5  f e e t .  I f  t h i s  scorch  he igh t  i s  l e s s  t han  about 60 percent  o f  t h e  crown o f  
t h e  d e s i r a b l e  Douglas- firs,  flame he igh t  i s  acceptab le .  I f  more t han  60 pe rcen t  o f  t h e  
crowns a r e  be ing  scorched,  i t  may be p o s s i b l e  t o  reduce t h e  flame he igh t  by t a k i n g  
narrower s t r i p s  o f  f u e l  i n  each s t r i p  h e a d f i r e .  The model w i l l  e s t ima te  scorch  he igh t  
f o r  any t r e e  s p e c i e s ,  but  t h e  l i m i t  of  scorch ing  i s  o f t e n  no t  known. The au thor  has  
used t h i s  t echnique  r epea t ed ly  on f i r e s  and found it use fu l  and sound. 





When To Burn 

Fuel mois ture  determines t h e  degree t o  which a  f i r e  accomplishes t h e  land manager's 
o b j e c t i v e s .  We must f i r s t  know t h e  range of burning cond i t i ons  over  which i t  i s  pos- 
s i b l e  t o  burn, y e t  completely c o n t r o l  t h e  f i r e .  To he lp  answer t h i s  ques t i on ,  we 
compiled t h e  graph i n  f i g u r e  3 from our  experience i n  burning under s tanding  t imber  i n  
a  l a r g e  number of  western la rch /Douglas - f i r  s t ands .  The d iagonal ,  curved l i n e  g ive s  
va r ious  s e t s  o f  f u e l  mois tures  and f u e l  load ings  f o r  a  spreading f i r e  t h a t  i s  r e a d i l y  
c o n t r o l l a b l e  and n o t  unduly damaging t o  ove r s to ry  t r e e s  i f  o t h e r  cond i t i ons  a r e  favor -  
a b l e .  The f u e l s  should be reasonably  wel l  d i s t r i b u t e d  and uniform over  t h e  a r e a .  
Windspeed should be below 10 mi/h, and p r e f e r a b l y  below 5  t o  7  mi/h i f  d i r e c t l y  upslope.  
A t  10 pe rcen t  f u e l  mois ture  con t en t ,  t h e  f i r e  w i l l  be f a i r l y  i n t e n s e  and w i l l  spread 
r e a d i l y .  A t  17 pe rcen t  mois ture  con t en t ,  a  cont inuous bed o f  f i n e  f u e l  ( p r e f e r ab ly  
cured,  needle-bear ing  s l a s h )  i s  necessary  t o  prevent  a  ragged f i r e  t rea tment .  This  kind 
of  burning i s  e a s i e s t  and s a f e s t  wi th in  t h e  p r e f e r r e d  range of  f u e l  moisture conten t  
shown i n  f i g u r e  3 ,  e s p e c i a l l y  i f  t h e  heav i e r  f u e l  load ings  a r e  burned a t  o r  near  t h e  
15 percent  l e v e l  o f  mois ture  conten t  and l i g h t e r  f u e l  load ings  around t h e  12 percent  
mark. 

0- TO 3- IN  D l A  FUEL-1 2 3 4 5 6 7 8 9 1 0  

DEAD FUEL (TONSIACRE) 



Fuel Moisture Content 

The f u e l  mois ture  va lues  i nd i ca t ed  i n  f i g u r e  3  a r e  f o r  t h e  a c t u a l  f u e l s  t o  be 
burned. Because t h e  range  o f  d e s i r e d  f u e l  moisture i s  q u i t e  narrow and h ighly  i n f l u e n -  
t i a l ,  t h e  moisture conten t  must be taken  only  from f u e l  samples. Half- inch f u e l  
moisture s t i c k s  t e s t e d  over  a  pe r iod  o f  2 years  dur ing  t h e  burning o f  24 s t ands  were 
f r e q u e n t l y  i n  e r r o r  by a s  much a s  5 percent  moisture conten t  from t h a t  o f  t h e  a c t u a l  
f u e l s .  An e r r o r  o f  t h i s  s i z e  can have a  pronounced e f f e c t  on f i r e  behavior  and r e s u l t s .  
Fuel moisture s t i c k s  should no t  be used f o r  t h i s  k ind  of unders tory  burn-. 

Fuel moisture can be es t imated  by means of  convent ional  ovendrying techniques .  
Fuel moisture can a l s o  be c a l c u l a t e d  w i th in  30 minutes o f  i g n i t i o n  by means of  a  
microwave oven powered by a  p o r t a b l e  gene ra to r ,  a t  t h e  s i t e  t o  be f i r e d .  Both t e ch -  
niques a r e  o u t l i n e d  i n  t h e  appendix. A d e t a i l e d  r e sea rch  paper  on microwave oven 
technique  i s  be ing  prepared 6; t h e  au tho r .  I f  f u e l  moisture-cannot  be e s t ima ted ,  t h e  
f i r e  should no t  be conducted. Too much i s  a t  s t a k e .  Figure 3  l i s t s  f u e l  moisture f o r  
?i- t o  1- inch-diameter  down, dead, and woody f u e l s .  -A sampling procedure s i m i l a r  t o  - .  

t h e  one descr ibed  i n  t h e  appendix should be fol lowed.  

Fuel Loadings - 

The f u e l  load ing  va lues  shown i n  f i g u r e  3  a r e  es t imated  by a  p l ana r  i n t e r s e c t  
f u e l s  i nven to ry .  The sampling d e n s i t y  and procedure a r e d e s c r i b e d  by Brown (1974). Two 
f u e l  load s c a l e s  a r e  shown i n  f i g u r e  3. I f  t h e  f u e l  i s  r e c e n t l y  c r ea t ed  s l a s h ,  logged 
t o  a  4- inch  t o p  and u t i l i z e d  f o r  sound logs  and po l e s ,  t h e  t o t a l  f u e l  load va lue  can be 
used .  For o t h e r  c a s e s ,  t h e  0- t o  3-inch-diameter f u e l  load should be r e l i e d  upon. 
(When i n  doubt ,  u se  t h e  0- t o  3- inch v a l u e . )  

I t  i s  n o t  intended t h a t  on ly  t hose  va lues  f a l l i n g  on t h e  l i n e  i n  f i g u r e  3  be 
considered a s  good cond i t i ons  f o r  burning,  but  r a t h e r  t o  show where burning i s  most 
s a f e  and e f f e c t i v e .  Above 30 t ons / ac r e  t o t a l  f u e l  load ,  o r  6 t ons / ac r e  of 0 -  t o  
3- inch m a t e r i a l ,  f u e l  mois ture  con t en t s  from 13 t o  17 percent  a r e  adv i sab l e .  Below 
t h e s e  f u e l  load ings ,  t h e  10- t o  13-percent  range w i l l  g i ve  t h e  b e s t  f i r e s .  

The foregoing desc r ibe s  cond i t i ons  when burning under s t and ing  t imber  i s  p o s s i b l e  
and c o n t r o l l a b l e  without  de s t roy ing  a  mature s tand  o f  moderately t o  h igh ly  f i r e -  
r e s i s t a n t  t r e e  s p e c i e s .  Most t r e e s  wi th  t h i n  bark w i l l  be k i l l e d  i n  any o f  t h e s e  f i r e s .  
This  i s  t r u e  whether a  t r e e  i s  a  young western l a r c h  o r  an o ld  lodgepole p ine .  The 
f i r e s  can be s a f e  and burn we l l ,  y e t  k i l l  t r e e s .  Most Douglas - f i r ,  ponderosa p ine ,  and 
western l a r c h  l a r g e r  than  about 5 inches d .b .h .  w i l l  s u rv ive .  Most Engelmann spruce ,  
suba lp ine  f i r ,  lodgepole p ine ,  and t r e e s  sma l l e r  than  about 5 inches d .b .h .  w i l l  no t  
su rv ive .  Even t h i s  w i l l  va ry .  The key i s  bark t h i cknes s  and t h e  percentage  o f  t h e  
crown t h a t  escapes scorch ing  tempera tures .  

Duff Reduction 

The r educ t i on  o f  d u f f ,  and t h e  ba r ing  o f  some mineral  s o i l  i s  o f t e n  one o f  t h e  
o b j e c t i v e s  o f  f i r e  t rea tment ,  e s p e c i a l l y  where a  seedbed r e c e p t i v e  t o  c e r t a i n  spec i e s  
o f  t r e e s  i s  d e s i r e d .  When t h e  du f f  i s  s u f f i c i e n t l y  d r y  it w i l l  burn,  a l though q u i t e  
s lowly.  Most o f t e n ,  e s p e c i a l l y  dur ing  t h e  u sua l  seasons o f  p r e sc r ibed  burning,  t h e  
duf f  i s  much t o o  wet t o  burn u n l e s s  a  cons ide rab l e  amount o f  h e a t  i s  app l i ed  from l a r g e r  
f u e l s  burning above t h e  d u f f .  The du f f  i s  d r i e d ,  i g n i t e d ,  and consumed t o  a  degree 
dependent on how wet t h e  duf f  i s  and how much f u e l  i s  a v a i l a b l e .  

Experimental r e s u l t s  show t h a t  duf f  consumption can be p r ed i c t ed  i f  mois ture  con- 
t e n t  o f  t h e  duf f  and f u e l  consumption o r  f u e l  a v a i l a b i l i t y  can be es t imated .  Figure 4  
shows t h e  r e l a t i o n s h i p  between t h e  percentage  o f  du f f  removed and t h e  moisture conten t  
o f  t h e  lower h a l f  o f  t h e  d u f f .  Note t h a t  below about 30 percent  moisture con t en t ,  duff 



MOISTURE CONTENT OF LOWER HALF OF THE DUFF (PERCENT) 

Pi gure 4 .  --Percentage of 
preburn duf f  depth re- 
duced by broadcast f i res  
versus the moisture con- 
t e n t  of  the lower half of 
the  d u f f .  Curve f i t t e d  t o  
expeYimental data. 

Figure 5. --Percentage of  duf f  reduction as it vaYies wi th  combinations of  moisture 
content of  the  lower half  o f  the  duf f  and the  amount of  O- t o  3-inch-diameter down, 
dead, and woody fuels consumed. 
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i s  almost completely consumed. This  ag ree s  wi th  t h e  moisture of  e x t i n c t i o n  va lue  used 
by A lb in i  (1976) f o r  t h e  c losed  t imber  l i t t e r  f u e l  model. Presumably t h i s  i s  where 
duf f  w i l l  burn u n a s s i s t e d .  As mois ture  conten t  r i s e s ,  t h e  amount of  du f f  consumed 
drops u n t i l ,  a t  about 150 pe rcen t ,  t h e  curve f l a t t e n s  o u t ,  sugges t ing  t h a t  on ly  about 
15 percent  o f  t h e  du f f  can be removed. Note a l s o  t h a t  some of  t h e  p o i n t s  f a l l  wel l  
above t h e  curve and some wel l  below. This  i s  a  r e f l e c t i o n  of  t h e  i n f l uence  of t h e  
f u e l s  burning above t h e  d u f f .  

The i n f luence  o f  f u e l  consumption i s  more e a s i l y  understood by viewing t h e  t h r e e  
dimensional diagram i n  f i g u r e  5.  This  diagram was developed by f i t t i n g  a  mathematical 
model t o  measured d a t a ,  fo l lowing  t h e  procedures  descr ibed  by Jensen (1973). Note t h a t  
t h e  t h i r d  a x i s  i s  t h e  amount of  0- t o  3- inch-diameter  s u r f a c e  f u e l s  t h a t  burned. A t  
any given va lue  of  mois ture  conten t  i n  t h e  lower d u f f ,  an increased  amount of 0- t o  
3-inch s u r f a c e  f u e l  consumed g ives  an increased  amount of  duf f  consumption. This  r e -  
f l e c t s  t h e  i n f l uence  of t h e  hea t  from f u e l s  burning above t h e  d u f f .  However, a s  t h e  
du f f  g e t s  w e t t e r ,  an i nc r ea s ing  amount of  f u e l  i s  needed t o  reduce an equal  amount of  
d u f f .  When t h e  duf f  i s  very  wet, t h e  amount of f u e l  burned has a  s eve re ly  decreased 
e f f e c t  on how much du f f  w i l l  be removed. 

For t h e  convenience of  t h e  u s e r ,  t h e  r e l a t i o n s h i p s  among t h e  amount of  duf f  r e -  
moved, t h e  mois ture  conten t  o f  t h e  lower h a l f  o f  t h e  d u f f ,  and t h e  amount of 0- t o  
3-inch s u r f a c e  f u e l  consumed havebeen t a b u l a t e d  i n  t a b l e  1 .  To use  t h e  t a b l e ,  one 
needs t o  know t h e  mois ture  conten t  of t h e  lower h a l f  o f  t h e  du f f  (ovendrying technique)  
and how much 0- t o  3- inch-diameter  down, dead, and woody f u e l  w i l l  be burned. The 
l a t t e r  in format ion  i s  ob ta ined  by inventorying t h e  f u e l s :  t h e  combined preburn weight 
of t h e  0- t o  1 /4- inch ,  1 /4-  t o  1- inch,  and 1- t o  3- inch s i z e  c l a s s e s ,  a s  descr ibed  by 
Brown (1974). I n  t h e  range of  s a f e  and p r a c t i c a l  moisture con t en t s  shown i n  f i g u r e  3, 
t h e  amount of  0- t o  3- inch f u e l s  consumed i s  es t imated  wi th  s u r p r i s i n g l y  r e l i a b l e  ac-  
curacy by mu l t i p ly ing  t h e  preburn weight by 0.78. Enter  t h e  t a b l e  wi th  t h a t  va lue  
along t h e  l i n e  e n t i t l e d  "0 t o  3 inch  f u e l  l o s s "  and s t o p  a t  t h e  va lue  c l o s e s t  t o  your 
r e s u l t .  Then read  down t h a t  column f o r  combinations o f  percentage o f  du f f  mois ture  
and percentage  of  du f f  r educ t i on .  The f i g u r e  i n d i c a t e s  percentage  of  preburn duf f  
depth t h a t  w i l l  be burned away. 

One f u r t h e r  f i n d i n g  leads  t o  a  u s e f u l  means f o r  e s t ima t ing  t h e  percentage  of t h e  
a r e a  t h a t  w i l l  be bared t o  mineral  s o i l .  Although n o t  s t r i c t l y  t r u e ,  t h e  duf f  t ends  
t o  be removed i n  an even l a y e r  a l l  a c ro s s  a  broadcas t  burned a r e a  i n  western l a r c h /  
Douglas - f i r  s t a n d s .  Anyone who has done much burning knows t h a t  some s p o t s  w i l l  burn 
h o t t e r  than  t h e  surrounding a r e a .  However, an a n a l y s i s  of s e v e r a l  thousand duf f  r e -  
duc t ion  measurements on 61 broadcast-burned c l e a r c u t s  and 24 broadcas t  f i r e s  under 
s tanding  t imber  i n  western la rch /Douglas - f i r  s t ands  revea led  t h a t  only f i v e  f i r e s  had a  
s tandard  d e v i a t i o n  i n  duf f  dep th  reduc t ion  g r e a t e r  than  1.25 inches ,  and t h a t  70 pe rcen t  
o f  t h e  f i r e s  had l e s s  than a  0 .8  inch  s tandard  d e v i a t i o n  i n  duf f  depth r educ t i on .  The 
assumption of  a  uniform l a y e r  of  removed du f f  appears  t o  be sound. 



Table 1. --Peercentage of  duf f  depth reduction 

Moisture content ,  
lower h a l f  0- t o  3-inch f u e l  l o s s  ( t ons / ac re j  
o f  duf f  : 0  5  10 15 20 



The au tho r  has had good success  i n  p r e d i c t i n g  t h e  percentage o f  t h e  a r e a  burned t o  
mineral  s o i l  by u s ing  t h e  fol lowing process .  F i r s t ,  measure du f f  dep th  a t  many p o i n t s  
s c a t t e r e d  about t h e  planned burn u n i t  (100 p o i n t s  i s  a  good number). Decide t h e  pe r -  
cen tage  o f  t h e  a r e a  you d e s i r e  t o  have ba re  t o  mineral  s o i l .  Ca l l  t h i s  "Percent Bare" 
f o r  example, Percent  Bare = 60 pe rcen t .  L i s t  preburn duf f  dep ths  measured. For 
example : 

Preburn duf f  depths 
(Inches) 

For s i m p l i c i t y ,  t h i s  example has on ly  10 measurements, so  s e t  n  = 10. To have 60 per -  
c en t  o f  t h e  a r e a  ba re  t o  mineral  s o i l ,  s i x  sample p o i n t s  must be reduced t o  zero duf f  
dep th  . 

Because du f f  t ends  t o  be removed i n  an even l a y e r ,  examine t h e  l i s t  t o  s e e  how 
t h i c k  a  du f f  l aye r  must be burned o f f  t o  ba re  60 percent  o f  t h e  p o i n t s .  Proceed a s  
fo l lows:  

1  p o i n t  i s  zero ,  o r  10 percent  o f  t h e  a r e a  sampled. 
2  p o i n t s  a r e  1 inch  o r  l e s s ,  o r  20 percent  of  t h e  a r e a  sampled. 
3  p o i n t s  a r e  2  inches  o r  l e s s ,  o r  30 percent  of  t h e  a r e a  sampled. 
6  p o i n t s  a r e  3  inches  o r  l e s s ,  o r  60 percent  of  t h e  a r e a  sampled. 

Therefore ,  we must burn away a  l a y e r  3  inches  t h i c k .  Of course ,  some p o i n t s  do 
no t  have 3  inches  o f  d u f f ,  bu t  i f  we p r e s c r i b e  t h e  f i r e  t o  burn away 3  inches  of  du f f ,  
t hose  wi th  l e s s  than  3  inches  w i l l  be ba re  along wi th  t hose  t h a t  have 3  inches .  

Compute t h e  percentage  o f  l o s s  f o r  each po in t  i f  3  inches  i s  removed, and average 
t h e  r e s u l t .  I f  t h e  preburn depth  is  l e s s  t han  3  i nches ,  award 100 pe rcen t .  

Percent 

Tota l  = 860 

860 Average = Tota l / n  = - = 86 percent  = needed percentage of duff l o s s .  
10 



You can now determine i f  t h e  f u e l  load ing  on t h e  a r ea  w i l l  c r e a t e  a  f i r e  ho t  
enough t o  burn away t h e  de s i r ed  amount of d u f f .  As s t a t e d  p r ev ious ly ,  you can e s t ima te  
t h i s  by mul t ip ly ing  t h e  0- t o  3- inch f u e l  weight by 0.78. Enter t a b l e  1 under "0- t o  
3-inch Fuel Loss" i n  t h e  column c l o s e s t  t o  your r e s u l t .  For our  example, assume a p r e -  
burn 0- t o  3- inch f u e l  weight o f  20 t ons / ac r e .  Mult iplying 20 t ons  x 0.78 = 15.6 t ons ,  
so  e n t e r  t h e  t a b l e  under t h e  column headed 15 t ons / ac r e .  We s e e  t h a t  it i s  p o s s i b l e  t o  
remove 90 percent  of t h e  duf f  i f  i t  i s  a t  5  percent  moisture con t en t .  Our computed 
percent  duf f  depth reduc t ion  was 86 pe rcen t ,  which would be achieved a t  a  duf f  moisture 
conten t  between 50 and 55 percent  i f  we burned when t h e  0- t o  1- inch f u e l  moistures  a r e  
wi th in  t h e  10 t o  17 pe rcen t  range d iscussed  e a r l i e r .  

SUMMARY 

For many managers, unders tory  burning i s  a  new experience.  Mistakes a r e  o f t e n  
made dur ing  f i r s t  a t t emp t s  because some of t h e  f i r e  e f f e c t s  a r e  no t  obvious a t  t h e  t ime 
of t h e  f i r e .  In p a r t i c u l a r ,  t h e  scorching of  t h e  crowns does no t  become apparent  u n t i l  
days o r  even weeks a f t e r  t h e  f i r e .  The f i r e  may have a l l  of t h e  appearances of going 
n i c e l y ,  on ly  t o  show a s eve re ly  scorched s tand  a  few days l a t e r .  The procedures  de- 
s c r i bed  f o r  e s t ima t ing  t h e  scorch  a r e  s t rong ly  recommended. Using t h e s e  e s t ima te s  t h e  
f i r e  manager can a d j u s t  t h e  f i r e  a s  descr ibed  and achieve t h e  d e s i r e d  o b j e c t i v e s  with 
minimal damage t o  t h e  s t and .  Ignoring t h e s e  d e t a i l s  w i l l  o f t e n  lead t o  needless  damage. 
Burning when t h e  0- t o  1- inch f u e l s  a r e  wi th in  t h e  recommended range w i l l  y i e l d  f i r e s  
t h a t  a r e  e f f e c t i v e  and s a f e .  Se l ec t i ng  a  duf f  moisture conten t  of t h e  r i g h t  va lue  w i l l  
g ive  t h e  added b e n e f i t  o f  removing t h e  d e s i r e d  amount of  t h e  du f f  l aye r .  
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APPENDIX 

Sampling Fuels and Duff for Moisture Content -- - - ?. . - - - -. A .-- . - - -- - - 

To use the prediction models given in this paper, the moisture contents of the 0- 
to 1-inch-diameter down, dead, and woody fuels and the lower half of the duff must be 
determined. Several samples should be taken from locations distributed across the fire 
areas. The 0- to 1-inch samples should be taken from about the midpoint of the depth 
of the fuel bed, and should be about equally divided between the 0 to 1/4 inch and 1/4 
to 1 inch size classes in each sample. They should, in every way possible, represent 
the fuels that exist. The duff should be collected from the lower half of the duff, 
regardless of duff depth. Be careful to exclude any mineral soil from the duff sample. 
Roughly a large handful of material should be collected for each sample. 

If a standard oven at 100° C is to be used to dry the fuels, a period of 24 hours 
is needed to determine the moisture content. Therefore, the fuels should be sampled 
each day for several days ahead of the fire day, taken at about the same time of day 
that ignition is planned. By doing so, a drying trend can be plotted on a graph, and 
a reasonable estimate of the fuel moisture can be projected. This scheme is frustrated 
if the weather conditions change during the night before or the day of the fire, but if 
the daily weather pattern remains consistent the procedure is reliable. As a last re- 
sort, the fuels should be sampled at least once, 24 hours before the fire, and ovendried 
to determine their moisture content. If the weather does not cause rapid wetting or 
drying, the estimate will be reasonably accurate. 

A suggested procedure follows: 

1. Go to the unit to be burned at about the time of day you expect to burn. 

2. Collect one sample of 0- to 1-inch-diameter down and dead woody fuel from each 
of 10 points spread out across the unit. Ten points on a diagonal through the unit is 
a good pattern. Take the samples from the midpoint of the depth of the fuel bed. Put 
the sample in a container and seal it tightly. 

3. At each point collect a sample of the lower half of the duff, avoiding mineral 
soil. Place in a container and seal it. 

4. Transport the samples to a drying and weighing facility and weigh the wet 
samples. If the collection containers are deep and narrow (like a test tube), it is 
advisable to transfer the samples to wider, more open containers before weighing and 
drying. Record the weight of the container of wet fuel to an accuracy of 0.1 gram. 

5 .  Dry the fuels in a 100' C oven overnight (approximately 24 hours). 

6. Remove the dried samples from the oven, one at a time, and quickly weigh again 
to an accuracy of 0.1 gram. Record the weight of the container of dry fuel. 

7. Discard the fuels, weigh the drying container and record it as "tare" weight. 

8. Calculate the fuel moisture content as follows: 

a. Subtract the tare weight of the container from the weight of the container 
of wet fuel and call this "wet weight"; wet + tare - tare weight = wet weight. 

b. Do the same for dry weight: dry + tare - tare weight = dry weight. 

c. Calculate moisture content 
wet weight-dry weight % moisture content = dry weight 

Figure 6 shows a sample form for calculating moisture content of fuels. 





The procedure  f o r  u s i n g  a  microwave oven i s  s i m i l a r ,  b u t  c e r t a i n  p r e c a u t i o n s  a r e  
n e c e s s a r y .  F u r t h e r ,  because t h e  d r y i n g  can be  accomplished i n  abou t  one-ha l f  hour ,  t h e  
f u e l s  can be sampled s h o r t l y  b e f o r e  i g n i t i o n  i s  planned,  and t h e  d e c i s i o n  t o  burn can 
r e s t  on t h e  r e s u l t s .  

The weighing p rocedure  i s  t h e  same a s  d e s c r i b e d  b e f o r e ,  a s  a r e  t h e  c a l c u l a t i o n s .  
To d r y  t h e  samples ,  p l a c e  them i n  weighed, nonmetallic c o n t a i n e r s .  Wide, f l a t  g l a s s  
c o n t a i n e r s  work w e l l .  P l a c e  t h e  samples i n  t h e  microwave oven. I t  i s  a l s o  v e r y  impor- 
t a n t  t h a t  you p l a c e  3 o r  4 mois tened sponges i n  t h e  oven i n  o r d e r  t o  a v o i d  damage t o  
t h e  oven a s  t h e  samples become d r y .  Turn t h e  oven on f o r  3 minutes .  Turn t h e  oven 
o f f  and s t i r  each  sample,  u s i n g  a  p i e c e  o f  w i r e  o r  a  g l a s s  r o d .  Be c a r e f u l  t h a t  no 
sample m a t e r i a l  s p i l l s  from t h e  c o n t a i n e r  o r  s t i c k s  t o  t h e  s t i r r i n g  rod .  Repeat t h e  
p r o c e s s  seven o r  e i g h t  t i n e s  t o  be s u r e  a l l  m o i s t u r e  i s  d r i v e n  o f f .  Keep t h e  sponges 
damp th roughout  t h e  p r o c e s s .  Proceed w i t h  t h e  weighing p rocedure  and c a l c u l a t i o n s  a s  
p r e v i o u s l y  d i s c u s s e d  f o r  s t a n d a r d  ovendrying.  

The f o l l o w i n g  s a f e t y  p r e c a u t i o n s  should be  obse rved .  

Medical a u t h o r i t i e s  f e e l  t h a t  microwave ovens may i n t e r f e r e  w i t h  t h e  normal oper -  
a t i o n  o f  medical  e l e c t r o n i c  d e v i c e s ,  such  a s  c a r d i a c  pacemakers.  Consequent ly ,  peop le  
u s i n g  such d e v i c e s  shou ld  n o t  o p e r a t e  microwave ovens .  

Other  s a f e t y  p r a c t i c e s  recommended a r e :  

1. Have oven t e s t e d  a t  l e a s t  once a  y e a r  f o r  r a d i o  f requency  l eakage .  

2 .  Do n o t  u s e  t h e  oven i f  t h e  door  does  n o t  c l o s e  and l a t c h  f i r m l y  a g a i n s t  
t h e  oven f r o n t .  

3.  P e r i o d i c a l l y  check door  f o r  worn h i n g e s ,  t o r n  o r  t w i s t e d  door  s e a l ,  and 
any o t h e r  v i s i b l e  s i g n  o f  damage. 

4 .  Do n o t  t r y  t o  u s e  t h e  oven w i t h  t h e  door  open and do n o t  a t t e m p t  t o  d e f e a t  
any i n t e r l o c k s .  
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