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ABSTRACT 

Fuel and f i r e  potential  i n  clearcut lodgepole pine were com- 
pared a f t e r  stands were logged t o  near complete and conventional 
u t i  Zization standards. Af ter  logging, mate2riaZ greater than 
3 inches i n  d i m e t e r  had been reduced threefold  on the near comle t e  
un i t s  and had been increased threefold on the conventional un i t s .  
Material smaller than 3 inches i n  diameter was s l i gh t l y  l ess  
p l en t i f u l  on the  near complete un i t s  than on the conventional un i t s  
a f t e r  logging; however, of  t h i s  materia 2, the  conventional un i t s  
retained 2.6 times more needles. Compactness of logging residue 
was twice as great on the near complete un i t s  as on the  conven- 
t iona l  un i t s .  Predictions of postlogging potential  f i r e  spread 
were 3 t o  4 .5  times greater and i n t ens i t y  almost 9 times greater on 
the  conventional than on the near complete un i t s .  Fire hazard on 
the  near complete un i t s  a f t e r  logging was minimal and prescribed 
burning was impractical. 

OXFORD: 431.2 
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Land managers have long known t h a t  f u e l s  and f i r e  p o t e n t i a l  on logged areas  can b e  
reduced through increased  u t i l i z a t i o n  of r e s idues ;  t h e  ques t ion  i s ,  l lExactly how much 
does increased  u t i l i z a t i o n  reduce t h e  f i r e  hazard,  compared t o  conventional u t i l i z a -  
t ion?"  Some answers were obtained f o r  lodgepole p ine  (Pinus contorta Doug1 . ) c l e a r -  
c u t t i n g s  i n  Wyoming. 

y ~ e s e a r c h  Fores t e r ,  s t a t i o n e d  a t  t h e  Northern Forest  F i r e  Laboratory, Missoula, 
Montana. 
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STUDY PROCEDURES 

Two even-aged lodgepole p ine  s t ands  n e a r  Union Pass  on t h e  Teton Nat iona l  Fo re s t  
i n  Wyoming were s e l e c t e d  f o r  t h e  s tudy .  The s t a n d s  had an average s i t e  index  (50-year 
base)  o f  40 and averaged 167 and 182 years  of  age. 

Two 20-acre h a r v e s t i n g  u n i t s  were l a i d  ou t  i n  each s t and .  One u n i t  was c l e a r c u t  
t o  "convent ional t1 s t anda rds ,  t h e  o t h e r  t o  s t anda rds  t h a t  f o r  t h i s  s t udy  were c a l l e d  
"near  complete." On both t h e  convent iona l  and nea r  complete h a r v e s t i n g  u n i t s  a l l  
sound t r e e s  t o  a  merchantable  t o p  diameter  o f  6  inches  were removed. I n  a d d i t i o n ,  on 
t h e  n e a r  complete u n i t s  ch ips  were produced from (1) tops  of  a l l  merchantable t r e e s ,  
(2) a l l  remaining l i v e  and dead sound s t and ing  t r e e s  with a  d .b .h .  of  3 i nches  o r  
l a r g e r ,  and (3) a l l  sound dead m a t e r i a l  remaining on t h e  ground t h a t  was more t han  
6 inches  i n  diameter  a t  t h e  l a r g e r  end and t h a t  was nore  t han  6 f e e t  long.  On t h e  
convent iona l  u n i t s ,  t r e e s  were limbed and bucked where f e l l e d ,  and sk idded  by c rawler  
t r a c t o r  t o  t h e  landing .  On t h e  n e a r  complete u n i t s ,  t r e e s  were f e l l e d ,  and t hen  
bunched and sk idded  t o  a  c e n t r a l  p o i n t  where t h e  sawlog ma te r i a l  was removed. The 
remaining t o p  m a t e r i a l  was then  skidded t o  t h e  ch ippe r .  

Volumes of  l i v e  and dead s t and ing  t r e e s  t o  a  6- inch t o p  ranged from 6,250 t o  8,180 
f t 3  p e r  a c r e  f o r  t h e  f o u r  h a r v e s t i n g  u n i t s .  E f f e c t s  o f  t h e  d i f f e r e n t  ha rv  s t i n g  t r e a t -  

2 7 ments on t h e  y i e l d  o f  f i b e r  a r e  descr ibed  i n  a  paper  by Gardner and Hann.- 

To a s s e s s  t h e  e f f e c t s  o f  t h e  two u t i l i z a t i o n  s t anda rds  on f u e l  c h a r a c t e r i s t i c s ,  
f u e l s  were i n v e n t o r i e d  b e f o r e  and a f t e r  logging.  Sampling was done us ing  a  g r i d .  A t  
each sample p o i n t ,  f u e l  loading (weight p e r  u n i t  a rea)  by s i z e  c l a s s ,  f u e l  dep th ,  duf f  
depth,  and pe rcen t  ground cover were measured. The branchwood s i z e  c l a s s e s  were 0 t o  
0.20 i nch ,  0 .21 t o  0.60 inch ,  0 .61  t o  3.0 inches ,  and over  3.0 i nches .  The f i r s t  t h r e e  
c l a s s e s  correspond t o  t h e  1-, l o - ,  d  100-hour mois ture  t ime lag  c l a s s e s  used i n  t h e  
Nat iona l  Fire-Danger Rat ing S y s t e m . l  Bulk d e n s i t y  of  t h e  duf f  was determined from t e n  
1 - f t 2  samples s y s t e m a t i c a l l y  taken  i n  each s t a n d .  

Fuel 1 ading f o r  downed dead branchwood was determined us ing  t h e  p l a n a r  i n t e r s e c t  
t e c h n i q u e . d  For m a t e r i a l  l e s s  t han  3 inches i n  diameter ,  a  5- foot  l i n e  t r a n s e c t  was 
l oca t ed  a t  each g r i d  po in t .  The numbers o f  branchwood p a r t i c l e s  i n t e r s e c t i n g  t h e  v e r t i -  
c a l  p lane  p r o j e c t e d  by t h e  5- foot  l i n e  were t a l l i e d  by t h e  f i r s t  t h r e e  s i z e  c l a s s e s .  

Loading f o r  each s i z e  c l a s s  was computed from 

where 

w = loading,  l b / f t 2  

p = p a r t i c l e  dens i t y ,  l b / f t 3  

d  = roo t  mean squa re  f o r  d iameter  o f  f u e l  p a r t i c l e s ,  f t  
n  = number o f  i n t e r s e c t i o n s  p e r  sample l i n e  
L = l eng th  o f  sample l i n e  t r a n s e c t ,  f t .  

L/R. B. Gardner and D .  W .  Hann. U t i l i z a t i o n  of lodgepole p ine  logging r e s idues  i n  
Wyoming i n c r e a s e s  f i b e r  y i e l d .  USDA For. Serv .  Res. Note INT-160, 6  p .  1972. 

L/J. E. Deeming, J .  W .  Lancaster ,  M. A.  Fosberg, R .  W .  Furman, and Pd. J .  Schroeder .  
Nat iona l  Fire-Danger Rat ing  System. USDA For. Serv .  Res. Pap. MI-84, 165 p .  1972. 

4'5. K .  Brown. A p l a n a r  i n t e r s e c t  method f o r  sampling f u e l  volume and s u r f a c e  a r ea .  
For. S c i .  17:96-102. 1971. 



The number of  i n t e r s e c t i o  s f o r  equat ion (1) was determined from t h e  f i e l d  inven- 
t o r y  and t h e  fol lowing values?? used f o r  t he  o t h e r  two v a r i a b l e s  i n  equat ion  1: 

Size  class d P 
(Inches) (Feet) ( L b / f  t 3 )  

The number of  needle-bearing branches l e s s  than  0.6 inch i n  diameter  was t a l l i e d  
along each 5- foot  sample l i n e .  Using these  da t a ,  t h e  loading o f  needles  a t t ached  t o  
branches was computed from 

where 

w = needle  loading,  l b / f t 2  
n 
R = r a t i o  o f  needle  weight- to-stem weight 
F = f r a c t i o n  of twigs bea r ing  needles  

w l  = loading  f o r  0 - 0.2 s i z e  c l a s s ,  l b / f t 2  

w2 = loading f o r  0.2 - 0.6 s i z e  c l a s s ,  l b / f t 2 .  

Loading of  ma te r i a l  g r e a t e r  than  3 inches i n  diameter  was determined by record ing  
t h e  diameter  of  each p i e c e  i n t e r s e c t i n g  a 50-foot l i n e  t r a n s e c t .  For a p a r t i c l e  dens i ty  
o f  25 l b / f t 3 ,  equat ion  1 then  becomes 

where 

d = diameters  o f  i n t e r s e c t e d  p i eces ,  f t  
w = loading,  l b / f t 2 .  

Fuel depth was sys t ema t i ca l ly  sampied us ing  t h r e e  measurements a t  each g r i d  p o i n t .  
Depth was measured a s  t h e  v e r t i c a l  d i s t ance  from t h e  ground t c  t h e  h ighes t  dead fue l  
p a r t i c l e  i n t e r s e c t i n g  a cy l inde r  whose c e n t r a l  a x i s  is  t h e  v e r t i c a l  p r o j e c t i o n  from a 
po in t  on t h e  ground and whose r ad ius  is  5 cm. Maximum depth a t t a i n a b l e  was 6 f e e t .  

Duff (F and H l a y e r s  o f  f o r e s t  f l o o r )  depth was measured twice a t  each g r i d  p o i n t .  
Percent  of  t h e  ground covered by mineral  s o i l ,  f o r e s t  f l o o r  l i t t e r ,  woody ma te r i a l  
( inc luding  branches and t r e e  b o l e s ) ,  g rass  and fo rbs ,  and brush were o c u l a r i y  est imated 
on s 1/300-acre p l o t  a t  each g r i d  p o i n t .  

Percent  e r r o r s  (100 X s t anda rd  e r r o r  of  t h e  mean + es t imated  value)  averaged 18 
percent  f o r  each s i z e  c l a s s  o f  branchwood, 17 percent  f o r  f u e l  depth,  and 11 percent  
f o r  duff  depth,  on each ind iv idua l  ha rves t i ng  u n i t .  

- 
?/Values based on unpublished d a t a  on f i l e  a t  t h e  USDA Forest  Se rv i ce ,  Northern 

Forest  F i r e  Laboratory, Drawer G ,  Missoula, Montana. 

L/R = 0.9 and i s  a r a t i o  ad jus t ed  f o r  t h i s  s tudy  from d a t a  i n :  J .  K .  Brown. 
V e r t i c a l  d i s t r i b u t i o n  o f  f u e l  i n  s p r u c e - f i r  logging s l a s h .  USDA For. Serv .  Res. 
Pap. INT-81, 9 p. 1970. F i s  necessary  f o r  cu r r en t  a p p l i c a t i o n  o f  R and was 
determined from t h e  f i e l d  inventory .  



RESULTS AND DISCUSSION 

The main di f ferences  i n  the  two harvesting treatments were i n  the amount of mate- 
r i a l  over 3 inches and fuel  depth a f t e r  logging ( t a b l e  1 ) .  On the near complete u n i t s ,  
loading of material  over 3 inches was reduced t o  one- third of the prelogging amount. 
On the  conventional u n i t s ,  loading increased by a fac to r  of 3. Although t h i s  s i z e  
contributes l i t t l e  t o  the  spreading flame f ron t  of a f i r e ,  it does contribute measurabl) 
t o  t o t a l  f i r e  i n t e n s i t y .  I t  a lso  contributes ind i rec t ly  t o  f i r e  spread by helping 
support smaller  s ized fuel  a t  a more flammable level  of compactness. 

Fuel depth was lowered by both harvesting methods, primarily by removing grouse 
whortleberry (Vacciniwn scopariwn). However, change i n  fuel  depth i s  not as important 
as the  depth and packing r a t i o  of fue l  a f t e r  logging. (The packing r a t i o  i s  the  r a t i o  
of fue l  volume t o  the  volume of the  fuel  bed.) The packing r a t i o  f o r  material  l e s s  
than 3 inches averaged 0.062 on the  near complete u n i t s  and 0.030 on the conventional 
u n i t s .  The optimum packing r a t i o  fo r  combustion f o r  t h i s  study using Rothermel 'sg 

Table 1. --Ground h e l s  averaged f o r  near complete and conventional 
u t i l i z a t i o n  standards before and a f t e r  logging 

Near complete Conventional 
Fuel item Before After Change Before After Change 

Loading - - - - - - - - - - - - - - - - - - - - 
Needles 0 0.40 0.40 0 1.05 1.05 
Branchwood (inch) 

0 - 0.2 .14 .10 - .04 .20 .15 -.05 
0.2 - 0.6 .82 1.32 .50 .96 1.92 .96 
0.6 - 3.0 3.38 8.64 5.26 4.22 9.70 5.48 

Total  4.34 10.46 6.12 5.38 12.82 7-44 

Over 3.0 

Ground Cover 
Mineral s o i l  
Forest f loor  l i t t e r  
Wood 
Grass 
Brush 

Fuel Depth 
Duff Depth 

?/R. C .  Rothermel. A mathematical model f o r  predic t ing f i r e  spread i n  wildland 
fue l s .  USDA For. Serv. Res. Pap. INT-115, 40 p . ,  i l l u s .  1972. 



Figure I , --Predicted 
rate of  f i r e  spread for 
fuels l e f t  a f t e r  logging 
t o  conventional and near 
complete u t i  l i za t ion  
standards . 

0 5 10 15 2 0  

Windspeed (mi/ h ) 

model of f i r e  spread was 0.009. Thus, fue l  on t h e  near complete u n i t s  was compacted 
an average of twice as  much as  on the  conventional u n i t s ,  r e su l t ing  i n  a paclting r a t i o  
t h a t  r e s t r i c t s  combustion t o  a g rea te r  degree than on the  conventional u n i t s .  

Logging under conventional u t i l i z a t i o n  standards produced only s l i g h t l y  more 
material  l e s s  than 3 inches i n  diameter than did logging under the  near complete stand-  
ards.  On t h e  conventionally logged u n i t s ,  however, a s u b s t a n t i a l l y  g rea te r  percentage 
of t h i s  mater ia l  was highly flammable needles than on t h e  near complete u n i t s .  Even 
on t h e  near complete u n i t s ,  much o f  t h e  branchwood from harvested t r e e s  remained on the  
s i t e ,  apparently broken o f f  during the  bunching and skidding of whole t r e e s .  A higher 
proportion of dead limbs was broken off  than l i v e  limbs. The decrease i n  material  
0 t o  0.2 inch i n  diameter occurring a f t e r  logging on a l l  conventional and near complete 
u n i t s  probably resu l t ed  from small twigs being crushed and churned i n t o  the  f o r e s t  
f l o o r  by logging equipment. 

Disruption of f u e l  cont inui ty  and exposure of mineral s o i l  were g rea te r  on t h e  near 
complete u n i t s  than on t h e  conventional u n i t s .  

Forest f l o o r  duff ,  which averaged almost 1 inch on a l l  u n i t s ,  had an average bulk 
density of 8 .7 ,  k1.9 l b / f t 3 .  Logging methods did not reduce t h e  amount of duff but  d id  
change i t s  d i s t r i b u t i o n .  

F i r e  spread and i n t e n s i t y  f o r  the  propagating flame f r o n t  of a f i r e  ( t h i s  excludes 
spo t t ing  of f irebrands) were estimated using the  inventoried fue l  data  as  inputs  f o r  a 
mathematical model o f  f i r e  s p r e a d . /  The predic t ions  showed t h a t  r a t e  o f  spread a f t e r  
logging would be about 3 t o  4.5 times g rea te r  on t h e  conventional blocks ( f i g .  1 ) .  
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Figure 2.  --Predicted 
intenszty  for a flame 
fiont for fire Zs Zeft a f t e r  
Zogging t o  conventionaZ 
and near conpZete u t i l i -  
zation standards. 
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In tens i ty  of the  flame f ron t  (Btu/ft/min - heat  from a 1-foot-wide cross sec t ion  
through the  propagating flame f ron t )  would be 8.8 times g rea te r  on the  conventional 
blocks f o r  any fue l  moisture ( f ig .  2 ) .  In tens i ty  vrould vary from t h a t  f igure  somewhat 
f o r  d i f f e r e n t  wind condit ions.  The estiinate of i n t e n s i t y  on the  conventional u n i t s  is 
conserfa t ive  because material  greater  than 3 inches i n  diameter was not included i n  
the  mathematical model. Further,  the  packing r a t i o  used i n  the predic t ion model was 
higher than f o r  t h e  s l a sh  i t s e l f  because many depth measurements had been taken on 
areas where no s l a s h  exis ted .  This a l s o  resu l t ed  i n  lower than expected i n t e n s i t y  
values on t h e  conventional u n i t s .  

CONCLUSIONS AND IMPLICATIONS 

Logging t o  near c ~ m p l e t e  u t i l i z a t i o n  standards reduced f i r e  po ten t i a l  t o  a point  
t h a t  no fr lr ther f u e l  modification should be required f o r  hazard reduction.  Ir? f a c t ,  
not enough f u e l  remained f o r  prescribed burning, a treatment t h a t  might be required t o  
meet s i l v i c u l t u r a l  object ives .  

Logging t o  c o n v e n t i ~ n a l  u t i l i z a t i o n  standards l e f t  the  f i r e  po ten t i a l  high enough 
t o  warrant f u e l  modification f o r  hazard reduction.  Without file1 modification, d i r e c t  
a t t ack  on a f i r e  would nc t  be poss ible  under many burning co l~d i t ions .  

On t h i s  lodgepole pine study s i t e ,  and probably i n  many o the r  timber s tands ,  
conplete u t i l i z a t i o n  el iminates unreasonable f i r e  hazards. The d e s i r a b i l i t y  of 
conplete u t i l i z a t i o n ,  however, must a l s o  consider the  need f o r  residue material  t o  
carry  prescribed f i r e ,  s t a b i l i z e  s o i l s ,  shade seedlings,  a?d recycle  n u t r i e n t s .  The 
wisdom of complete u t i l i z a t i o n  should be evaluated by considering the  land nanagement 
goals f o r  each individual  s i t e .  
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