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ABSTRACT 

Guidelines are offered for safe ,  e f f ec t i ve  f i re  treat-  
ments i n  western Zarch/DougZas-fir forests. Describes proce- 
dures for estimating and limiting the scorching of tree crowns. 
Provides a method for predicting percentage of the forest fZoor 
tha t  wi 22  be burned d o m  t o  mineraZ s d  2. 
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To successfully conduct a broadcast prescribed fire beneath standing trees, some 
means must be found to limit fire intensity and'yet provide a desired treatment. By 
using a form of firing that will control the release of heat along with careful selec- 
tion,af burning conditions, a safe and successful fire beneath standing timber is 
possible. In a typical western larch/Douglas-fir forest (SAF-212), considerable care 
must be taken when planning the ignition pattern and when selecting and waiting for the 
correct burning conditions. Less care may be required in other forest situations such 
as in large, widely spaced ponderosa pines, with light fuel loadings beneath, or per- 
haps in a western larch seed tree cut where the residual trees are massive, fire- 
resistant old veterans. Even in these cases, control of fire intensity and attention 
to burning conditions are advisable. In yet other forests types, such as lodgepole 
pine or spruce stands, extreme care must be used if the residual stand is to be kept 
a1 ive . The guidance offered here is most suitable for old-growth western larch/Douglas- 
fir stands, either in natural condition or where harvested by partial cutting. The 
duff reduction information applies equally well on clearcut, uncut, or partially cut 
areas that are broadcast burned. 

l~esearch Forester, formerly located at Intermountain Station's Northern Forest 
Fire Laboratory, Missoula, Montana; presently located at Pacific Northwest Station's 
Institute of Northern Forestry, Fairbanks, Alaska. 



HOW TO BURN UNDER STANDING TIMBER 

Burning Pa t t e rns  

Heat can be d ispersed  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  cont ro l -  
l ed  amounts and t h a t  r e l e a s e s  heat  slowly and evenly. Probably t h e  b e s t  means of  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  types  i s  a s e r i e s  of s t r i c t l y  l imi ted  
s t r i p  headf i res .  A s  t h e  name sugges ts ,  s t r i p s  of  f u e l  a r e  i g n i t e d  and burned out ,  be- 
ginning a t  t h e  upslope end of 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 out  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  is ign i t ed ,  
and so  f o r t h ,  u n t i l  t h e  f i r e  t reatment  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  headf i r ing ;  however, f u e l  con t inu i ty ,  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 content  a r e  u sua l ly  unfavorable f o r  a backing f i r e  i n  
western larch/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 reap  t h e  b e n e f i t s  o f  s t r i p  head f i r i ng ,  two r u l e s  must be followed. 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 ight  and width o f  a free-burning,  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 of tree-crown scorch w i l l  increase ,  
sometimes dramat ica l ly ,  a long with more frequent  crown f i r e s  and t h e  danger of  spot  
f i r e s .  

Research shows t h a t  when broadcast  burning i n  western la rch /Douglas- f i r s tands  with 
down, dead woody f u e l  loadings from 5- t o  SO-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  cons i s t en t  c o n t r o l  of  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  con t ro l  o r  l i m i t a t i o n . )  

Successful  unders tory  burning i n  heavy down, dead, woody f u e l s  r e q u i r e s  pa t ience .  
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 
lead  t o  wider and wider s t r i p s .  Pa t ience  i s  a l s o  needed when wai t ing  f o r  t h e  co r r ec t  
prescr ibed  condi t ions  f o r  burning. 

Avoiding 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 ight  i n  a s tand.  
Prel 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  of t h e  crown scorched w i l l  
probably not  surv ive .  Western l a r c h  and ponderosa p ine  can apparent ly  s tand  more 
scorch than  Douglas-fir;  t h e  exact  amount i s  unknown. L i t t l e  i s  known about o t h e r  
spec 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 length .  

Albini  (1975) has presented  a crown scorch model ( f i g .  1)  t h a t  r e l a t e s  flame length  
t o  scorch height  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 length  of t h e  flames, measure windspeed, and look 
up t h e  maximum scorch  he igh t  on t h e  cha 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  occurr ing .  For example, i f  t h e  temperature i s  
60' F and t h e  est imated flame length  is  4 f e e t  wi th  a 5 mi/h wind, t h e  maximum scorch 
he ight  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 o f  maximum 
o r  about 13.5 f e e t .  I f  t h i s  scorch he ight  i s  l e s s  than about 60 percent  o f  t h e  crown of  
t h e  d e s i r a b l e  Douglas-firs,  flame he igh t  is acceptable.  I f  more than 60 percent  of t he  
crowns a r e  being scorched, it may be poss ib l e  t o  reduce t h e  flame he ight  by tak ing  
narrower s t r i p s  of  f u e l  i n  each s t r i p  head f i r e .  The model w i l l  e s t ima te  scorch height  
f o r  any t r e e  spec i e s ,  bu t  t h e  l i m i t  o f  scorching i s  o f t en  not  known. The author  has 
used t h i s  technique r epea t ed ly  on f i r e s  and found it use fu l  and sound. 



Egure 1. --Maximum 
h&ght of crown scorch 
versus fZame Zeng+h on 
a 77' F day. 

figure 2.  --Relationship 
of scorch h&ght t o  
burning-day mnbient 
temperature. 
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When To Burn 

Fuel moisture determines the degree to which a fire accomplishes the land manager's 
objectives. We must first know the range of burning conditions over which it is pos- 
sible to burn, yet completely control the fire. To help answer this question, we 
compiled the graph in figure 3 from our experience in burning under standing timber in 
a large number of western larch/Douglas-fir stands. The diagonal, curved line gives 
various sets of fuel moistures and fuel loadings for a spreading fire that is readily 
controllable and not unduly damaging to overstory trees if other conditions are favor- 
able. The fuels should be reasonably well distributed and uniform over the area. 
Windspeed should be below 10 mi/h, and preferably below 5 to 7 ni/h if directly upslope. 
A t  10 percent fuel moisture content, the fire will be fairly intense and will spread 
readily. At 17 percent moisture content, a continuous bed of fine fuel (preferably 
cured, needle-bearing slash) is necessary to prevent a ragged fire treatment. This kind 
of burning is easiest and safest within the preferred range of fuel moisture content 
shown in figure 3, especially if the heavier fuel loadings are burned at or near the 
15 percent level of moisture content and lighter fuel loadings around the 12 percent 
mark. 
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Fuel Moisture Content 

The f u e l  moisture values indica ted  i n  f i g u ~ 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 of  des i r ed  f u e l  moisture i s  q u i t e  narrow and highly inf luen-  
t i a l ,  t h e  moisture content  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 period of  2 years  during t h e  burning o f  24 s tands  were 
f r equen t ly  i n  e r r o r  by a s  much a s  5 percent  moisture content  from t h a t  of  t h e  ac tua l  
f u e l s .  An e r r o r  of  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 not  be used f o r  t h i s  k ind  of unders tory  burning. 

Fuel moisture can be est imated by means of conventional ovendrying techniques. 
Fuel moisture can a l s o  be ca l cu la t ed  within 30 minutes of  i g n i t i o n  by means of a 
microwave oven powered by a po r t ab le  genera tor ,  a t  t h e  s i t e  t o  be f i r e d .  Both tech- 
niques a r e  ou t l i ned  i n  t h e  appendix. A d e t a i l e d  research  paper on microwave oven 
technique i s  being prepared by t h e  author.  I f  f u e l  moisture cannot be est imated,  t h e  
f i r e  should not be conducted. Too much is  a t  s t ake .  Figure 3 l is ts  f u e l  moisture f o r  
0- 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 described i n  t h e  appendix should be followed. 

Fuel Loadings - 

The f u e l  loading values shown i n  f i g u r e  3 a r e  est imated by a p lanar  i n t e r s e c t  
f u e l s  inventory.  The sampling dens i ty  and procedure a redesc r ibed  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 rea t ed  s l a sh ,  logged 
t o  a 4-inch top  and u t i l i z e d  f o r  sound logs  and po le s ,  t h e  t o t a l  f u e l  load value can be 
used. For o the r  cases ,  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 va lue . )  

I t  i s  no t  intended t h a t  only those  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 condi t ions  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 tons j ac re  t o t a l  f u e l  load,  o r  6 tons /acre  of 0- t o  
3-inch ma te r i a l ,  f u e l  moisture contents  from 13 t o  17 percent  a r e  advisable .  Below 
t h e s e  f u e l  loadings,  t h e  10- t o  13-percent range w i l l  g ive  t h e  b e s t  f i r e s .  

The foregoing desc r ibes  condi t ions  when burning under s tanding  timber i s  poss ib l e  
and con t ro l l ab l e  withcut  des t roying  a mature s tand of moderately t o  highly f i r e -  
r e s i s t a n t  t r e e  spec i e s .  Most t r e e s  with t h i n  bark w i l l  be k i l l e d  i n  any of t hese  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 well ,  y e t  k i l l  t r e e s ,  Most Douglas-f ir ,  ponderosa p ine ,  and 
western l a r ch  l a r g e r  than  about 5 inches d.b.h. w i l l  surv ive .  Most Engelmann spruce,  
subalpine f i r ,  lodgepole p ine ,  and t r e e s  smal le r  than about 5 inches d.b.h.  w i l l  no t  
surv ive .  Even t h i s  w i l l  vary.  The key i s  bark th ickness  and t h e  percentage of  t h e  
crown t h a t  escapes scorching temperatures. 

Duff Reduction 

The reduct ion  o f  d u f f ,  and t h e  baring of  some mineral s o i l  i s  o f t e n  one of t h e  
ob jec t ives  o f  Ei re  t rea tment ,  e s p e c i a l l y  where a seedbed r ecep t ive  t o  c e r t a i n  spec ies  
o f  t r e e s  is des i r ed .  When t h e  duff  i s  s u f f i c i e n t l y  dry  it w i l l  burn, although q u i t e  
slowly. Most o f t en ,  e s p e c i a l l y  during t h e  usual  seasons o f  prescr ibed  burning, t h e  
duff  i s  much too  wet t o  burn un le s s  a cons iderable  amount of hea t  is appl ied  from l a r g e r  
f u e l s  burning above t h e  du f f .  The duff  is d r i ed ,  i g n i t e d ,  and consumed t o  a degree 
dependent on how wet t h e  duff  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  duff  consumption can be p red ic t ed  if moisture con- 
t e n t  o f  t h e  duff 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  est imated.  Figure 4 
shows t h e  r e l a t i o n s h i p  between t h e  percentage of duff  removed and t h e  moisture content  
of  t h e  lower h a l f  of  t h e  duff .  Note t h a t  below about 30 percent  moisture content ,  duf f  
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i s  almost completely consumed. This  agrees  with t h e  moisture of  e x t i n c t i o n  value used 
by Albin i  (1976) f o r  t h e  c losed  timber 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 unass i s ted .  A s  moisture content  r i s e s ,  t h e  amount of du f f  consumed 
drops u n t i l ,  a t  about 150 percent ,  t h e  curve f l a t t e n s  ou t ,  sugges t ing  t h a t  only about 
15 percent  of  t h e  duf f  can be removed. Note a l s o  t h a t  some of  t h e  po in t s  f a l l  well  
above t h e  curve and some well  below. This i s  a r e f l e c t i o n  of  t h e  inf luence  of  t h e  
f u e l s  burning above t h e  d u f f .  

The inf 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 ,  fol lowing t h e  procedures described 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 su r f ace  f u e l s  t h a t  burned. A t  
any given va lue  of  moisture content  i n  t h e  lower d u f f ,  an increased  amount of  0- t o  
3-inch su r f ace  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  inf luence  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  
duf f  g e t s  we t t e r ,  an i nc reas ing  amount of  f u e l  i s  needed t o  reduce an equal amount o f  
duf f .  When t h e  duf f  i s  Very wet, t h e  amount of  f u e l  burned has a severe ly  decreased 
e f f e c t  on how much duff  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  moisture content  o f  t h e  lower h a l f  of t h e  du f f ,  and t h e  amount of  0- t o  
3-inch su r f ace  f u e l  consumed havebeen t abu la t ed  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  moisture content  of  t h e  lower h a l f  o f  t h e  duf 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  information i s  obtained 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  described by 
Brown (1974). In  t h e  range of  s a f e  and p r a c t i c a l  moisture contents  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  est imated with s u r p r i s i n g l y  r e l i a b l e  ac-  
curacy by mul t ip 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  loss"  and s top  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 of  percentage o f  duf f  moisture 
and percentage o f  duff reduct ion .  The f i g u r e  i n d i c a t e s  percentage of  preburn duff  
depth t h a t  w i l l  be burned away. 

One f u r t h e r  f i nd ing  leads  t o  a u se fu l  means f o r  e s t ima t ing  t h e  percentage o f  t h e  
a r ea  t h a t  w i l l  be bared t o  mineral s o i l .  Although not  s t r i c t l y  t r u e ,  t h e  duff tends 
t o  be removed i n  an even l a y e r  a l l  a c ros s  a broadcast  burned a r e a  i n  western l a r ch /  
Douglas-f i r  s t ands .  Anyone who has done much burning knows t h a t  some spo t s  w i l l  burn 
h o t t e r  than  t h e  surrounding a r ea .  However, an a n a l y s i s  of  s eve ra l  thousand duff  r e -  
duc t ion  measurements on 61 broadcast-burned c l e a r c u t s  and 24 broadcast  f i r e s  under 
s tanding timber i n  western la rch /Douglas- f i r  s tands  revealed t h a t  only f i v e  f i r e s  had a 
s tandard dev ia t i on  i n  duff depth reduct ion  g r e a t e r  than 1.25 inches ,  and t h a t  70 percent  
of t h e  f i r e s  had l e s s  than a 0.8 inch s tandard dev ia t i on  i n  duf f  depth reduct ion .  The 
assumption of  a uniform l aye r  of  removed duff  appears t o  be sound. 
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The author has  had good success i n  p red ic t ing  t h e  percentage of  t h e  a rea  burned t o  
mineral s o i l  by using t h e  fol lowing process.  F i r s t ,  measure duff  depth a t  many po in t s  
s c a t t e r e d  about t h e  planned burn u n i t  (100 po in t s  i s  a good number). Decide t h e  per-  
centage 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 .  Cal l  t h i s  "Percent Baret': 
f o r  example, Percent Bare = 60 percent .  L i s t  preburn duff  depths measured. For 
examp 1 e : 

Preburn d u f f  depths 
(Inches) 

For s i m p l i c i t y ,  t h i s  example has  only 10 measurements, so  s e t  n = 10. To have 60 per-  
cent  of  t h e  a rea  ba re  t o  mineral s o i l ,  s i x  sample po in t s  must be reduced t o  zero duff 
depth , 

Because duff  tends  t o  be removed i n  an even l aye r ,  examine t h e  l i s t  t o  see  how 
t h i c k  a duff  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  
To1 lows : 

1 po in t  i s  zero,  o r  10 percent  of  t h e  a rea  sampled. 
2 po in 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 po in t s  a r e  2 inches o r  l e s s ,  o r  30 percent  of t h e  a rea  sampled. 
6 po in 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 po in t s  do 
no t  have 3 inches of  du f f ,  bu t  i f  we p re sc r ibe  t h e  f i r e  t o  burn away 3 inches o f  duff ,  
those with l e s s  than 3 inches w i l l  be bare  along with those  t h a t  have 3 inches. 

Compute t h e  percentage o f  l o s s  f o r  each poin 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  than 3 inches,  award 100 percent .  

Percent 

Total  = 860 

s60 86 percent  = needed percentage o f  duff  l a s s .  Average = Tota l /n  = - = 
10 



You can now determine i f  t h e  f u e l  loading on t h e  a r e a  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  des i r ed  amount of  du f f .  A s  s t a t e d  previous 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 Lossff 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 pre-  
burn 0- t o  3-inch f u e l  weight of  20 tons /acre .  Mult iplying 20 tons  x 0.78 = 15.6 tons ,  
so e n t e r  t h e  t a b l e  under t h e  column headed 15 tons /acre .  We see  t h a t  it i s  poss ib l e  t o  
remove 90 percent  of  t h e  duff  i f  i t  i s  a t  5  percent  moisture content .  Our computed 
percent  duff  depth reduct ion  was 86 percent ,  which would be achieved a t  a duf f  moisture 
content  between SO 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  percent  range discussed e a r l i e r .  

For many managers, understory 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 tempts  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  time 
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 seve re ly  scorched s tand  a few days l a t e r .  The procedures de- 
sc r ibed  f o r  es t imat ing  t h e  scorch a r e  s t rong ly  recommended, Using these  es t imates  t h e  
f i r e  manager can a d j u s t  t h e  f i r e  a s  described and achieve t h e  des i r ed  ob jec t ives  with 
minimal damage t o  t h e  s tand .  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 ing  a  duf f  moisture content  of t h e  r i g h t  value w i l l  
g i ve  t h e  added b e n e f i t  o f  removing t h e  des i r ed  amount of t h e  duff  l aye r .  
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APPENDIX 

Sampling Fue ls  and Duff f o r  Moisture -. Content 

To u se  t h e  p r e d i c t i o n  models given i n  t h i s  paper ,  t h e  mois ture  conten ts  of  t h e  0- 
t o  1- inch-diameter  down, dead, and woody f u e l s  and t h e  lower h a l f  of t h e  duff  must be 
determined. Severa l  samples should be taken  from loca t i ons  d i s t r i b u t e d  ac ros s  t h e  f i r e  
a r e a s .  The 0- t o  1- inch  samples should be taken from about t h e  midpoint o f  t h e  depth  
o f  t h e  f u e l  bed, and should be about equa l l y  d iv ided  between t h e  0 t o  1/4 inch and 1/4 
t o  1 inch  s i z e  c l a s s e s  i n  each sample. They should,  i n  every way pos s ib l e ,  r ep re sen t  
t h e  f u e l s  t h a t  e x i s t .  The du f f  should be c o l l e c t e d  from t h e  lower h a l f  o f  t he  d u f f ,  
r e g a r d l e s s  o f  duf f  depth.  Be c a r e f u l  t o  exclude any mineral s o i l  from t h e  duf f  sample. 
Roughly a l a r g e  handful o f  ma te r i a l  should be c o l l e c t e d  f o r  each sample. 

I f  a s tandard  oven a t  100' C i s  t o  be used t o  d r y  t h e  f u e l s ,  a pe r iod  of  24 hours 
i s  needed t o  determine t h e  moisture con t en t .  Therefore,  t h e  f u e l s  should be sampled 
each day f o r  s e v e r a l  days ahead o f  t h e  f i r e  day,  taken a t  about t h e  same t ime of day 
t h a t  i g n i t i o n  i s  planned.  By doing so ,  a d ry ing  t r end  can be p l o t t e d  on a graph, and 
a reasonable  e s t ima te  o f  t h e  f u e l  moisture can be p ro j ec t ed .  This  scheme is f r u s t r a t e d  
i f  t h e  weather cond i t i ons  change dur ing  t h e  n i g h t  before o r  t h e  day of  t h e  f i r e ,  but  i f  
t h e  d a i l y  weather p a t t e r n  remains c o n s i s t e n t  t h e  procedure i s  r e l i a b l e .  A s  a l a s t  r e -  
s o r t ,  t h e  f u e l s  should be sampled a t  l e a s t  once, 24 hours be fo re  t h e  f i r e ,  and ovendried 
t o  determine t h e i r  moisture conten t .  I f  t h e  weather does n o t  cause r a p i d  wett ing o r  
d ry ing ,  t h e  e s t ima te  w i l l  be reasonably accu ra t e .  

A suggested procedure fol lows 

1. Go t o  t h e  u n i t  t o  be burned a t  about t h e  time of  day you expect t o  burn. 

2. Col l ec t  one sample o f  0- t o  1-inch-diameter down and dead woody f u e l  from each 
o f  10 p o i n t s  spread ou t  a c ros s  t h e  u n i t .  Ten p o i n t s  on a diagonal  through t h e  u n i t  i s  
a good p a t t e r n .  Take t h e  samples from t h e  midpoint of t h e  depth o f  t h e  f u e l  bed. Put 
t h e  sample i n  a con t a ine r  and s e a l  i t  t i g h t l y .  

3 .  A t  each p o i n t  c o l l e c t  a sample o f  t h e  lower h a l f  of  t h e  d u f f ,  avoiding mineral  
s o i l .  Place i n  a con t a ine r  and s e a l  it. 

4 .  Transport  t h e  samples t o  a d ry ing  and weighing f a c i l i t y  and weigh t h e  wet 
samples. I f  t h e  c o l l e c t i o n  con t a ine r s  a r e  deep and narrow ( l i k e  a tes t  t ube ) ,  i t  is  
adv i sab l e  t o  t r a n s f e r  t h e  samples t o  wider ,  more open con t a ine r s  before  weighing and 
dry ing .  Record t h e  weight o f  t h e  con t a ine r  of wet fue l  t o  an accuracy o f  0 .1  gram. 

5. Dry t h e  f u e l s  i n  a 100' C oven overn ight  (approximately 24 hours ) .  

6 .  Remove t h e  d r i e d  samples from t h e  oven, one a t  a t ime ,  and qu i ck ly  weigh again 
t o  an accuracy o f  0 . 1  gram. Record t h e  weight o f  t h e  con t a ine r  o f  d ry  f u e l .  

7 .  Discard t h e  f u e l s ,  weigh t h e  dry ing  con t a ine r  and record  it a s  " t a r e u  weight.  

8.  Ca l cu l a t e  t h e  f u e l  moisture conten t  a s  fo l lows:  

a .  Sub t r ac t  t h e  t a r e  weight of t h e  con t a ine r  from t h e  weight o f  t h e  con t a ine r  
o f  wet f u e l  and c a l l  t h i s  "wet weight"; wet + t a r e  - t a r e  weight = wet weight.  

b. Do t h e  same f o r  d ry  weight :  d ry  + t a r e  - t a r e  weight = d r y  weight.  

c .  Ca l cu l a t e  moisture conten t :  
wet weight-dry weight % mois ture  con t en t  = - 

d r y  weight 

Figure 6 shows a sample form f o r  c a l c u l a t i n g  moisture conten t  of f u e l s .  



Samule Wet 

F U E L  M O I S T U R E  CONTENT 
UNIT 

Dry wt. 

. - -  

NAME 

Figure 6 .  --SmpZe form for caZcuZating ovendry muisture content o f  fuels. 



Tho procedure f o r  us ing  a microwave oven is  s i m i l a r ,  but  c e r t a i n  precaut ions  a r e  
n e c e s s x y .  Fur ther ,  because t h e  drying car1 bc accomplished i n  about one-half  hour, t h e  
Eucls can be sampled s h o r t l y  before  i g n i t i o n  i s  planned, and t h e  dec i s ion  t o  burn can 
r e s t  on t h e  r e s u l t s .  

The weighing procedure i s  t h c  samc as described before ,  a s  a r e  t h e  ca l cu l a t i ons .  
To d ry  t h e  samples, p lace  thcm i n  wcighcd, nonrnatazlic con ta ine r s .  Wide, f l a t  g l a s s  
con ta ine r s  work wel l .  Placc t h e  snmplcs i n  t h e  rnicrowave oven. I t  i s  a l s o  very impor- 
t a n t  t h a t  you p lacc  3 o r  I moistcncd sponges i n  t h e  oven i n  order  t o  avoid damage t o  
t h e  oven a s  t he  su~~iplcs 1)cconlc d ry .  l 'urn t he  oven on f o r  3 minutes. Turn the  oven 
o f f  and s t ir  cnc l l  siim~)lu, u s i n g  :1 piccc  of wire o r  a  g l a s s  rod .  Be ca re fu l  t h a t  no 
sample m n t c r i : l l  s p l  l 1 . r  from thc  corltainer 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  
proccss scvorl or o i~ l i r  t inles t o  be s u r e  a l l  moisture i s  dr iven  o f f .  Keep t h e  sponges 
damp tl~r'o~rflhout t h o  procuss.  Proceed with t h e  weighing procedure and ca l cu l a t i ons  a s  
prcvious l y d i scilssod f o r  s tandard ovendrying. 

"l'l~r. f o  1 l o w  i I I K  s: tfcty precaut ions  should be observed. 

Mcd i c r ~ l  r ~ u t l t o r i  t i c s  f c c l  t h a t  microwave ovens may i n t e r f e r e  with t h e  normal oper- 
a t i o n  o f  111t*iI i c r ~  1 o l oc t  IY)II i c  devices ,  such a s  ca rd i ac  pacemakers. Consequently, people 
us ing  such ~ l r v  i ibcr  s l r t ~ ~ l l l  n o t  ope ra t e  microwave ovens. 

Othcr a r~ l ' u t  y I I I - ~ I C ~  i cus  recommended a r e :  

1.  I l i~vc! ovt711 tcstcrl a t  l e a s t  once a  year  f o r  r a d i o  frequency leakage. 

2 .  110 n o t  i ~ s c  t l l c  ovcn  if t h e  door does not  c l o s e  and l a t c h  f i rmly  a g a i n s t  
t h e  oven f r o l ~ i .  

3 .  I ' c r l i ~ r l  lcrr I ly chcck door f o r  worn hinges,  t o r n  o r  tw i s t ed  door s e a l ,  and 
any o the r  v i  s i l j l  c! 8 lpn of Juaojic. 

4 .  I)o not t r y  t o  usc tlte over1 w i t h  t h e  door open and do not  attempt t o  de fea t  
any i n t e r l o c k s ,  
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