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ABSTRACT 

This  study notes the increasing concern over  logging residue 
in fo re s t  land management and descr ibes  the various adminis t ra-  
tive and technological means for  accomplishing reductions of log- 
ging residue. 

Alternative sales a r rangements  can include s'uch things a s  
reduction of stumpage charges  for  low quality logs o r  required 
yarding of unutilized ma te r i a l  to  the landing o r  t o  some stockpiling 
o r  disposal  point. 

Improvements  in ma te r i a l s  handling can include use of log- 
ging sys tems  that c rea te  l e s s  breakage o r  that can handle sma l l  
pieces more  efficiently. 

Specialized chip mi l l s  and increased  chip marke t s ,  including 
chip exports ,  can give added incentive for  removal  of fo rmer ly  
unutilized mater ia l .  Other potentials for  utilization a r e  a l so  indi- 
cated. 

Keywords: Logging economics,  c lear ing operations (post -logging), 
f o r e s t  residues.  
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Figure 1. --Accumulation of debris can be large after stands of old-growth Douglas-fir 
are clearcut, Willamette National Forest. 

These  amounts of logging residue do 
not include limbwood o r  so-cal led fine 
residue--pieces l e s s  than 4 inches 
(10. 2 cm) in d iameter  outside bark  and 
4 feet (1. 2 m) in length. Although they 
may  be a physical b a r r i e r  t o  reforestat ion 
and represent  a s h o r t - t e r m  f i r e  hazard ,  
they a r e  excluded f r o m  discussion in the 
remainder  of this  repor t ,  p r imar i ly  be- 
cause  of t he i r  low potential value for  
products.  

LOGGING RESIDUE AND THE DEMAND 
FOR WOOD 

The overal l  demand for wood products 
in the United States  has  increased  65 pe r -  
cent in the l a s t  t h ree  decades,  and a con- 
tinuing increase  is expected. With only 
modest  i nc reases  in available t imber  
harves ts ,  the  resu l t  will be a continuing 
p r e s s u r e  toward increasing pr ices  of 
t imber  and t imber  products (USDA F o r e s t  
Service 1973). 
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F o r e s t  manager s  see  a growing des i r e  
on the  pa r t  of top levels  of management, 
environmental agencies,  and the genera l  
public t o  reduce the amount of logging 
res idues ,  These  res idues  a r e  c rea t ed  in 
logging, and it is only na tura l  to  expect the 
logging p rocess  itself t o  pay for  them o r  t o  
c a r r y  out m e a s u r e s  to reduce them.  Thus,  
the sa l e s  a r rangements  contained in any 
t imber  sa l e  cont rac t  a r e  a cr i t ica l  element 
in how much of the total  wood ma te r i a l  is 
removed and paid for ,  and in how any r e-  
maining res idues  a r e  to  be t rea ted .  

Most logging res idues  in the  Pacif ic  
Northwest w e r e  fo rmer ly  burned. Now, 
however, public awareness  of air pollution 
has focused attention on the unfavorable 
r e su l t s  of burning of logging s lash- - the  
tops,  l imbs ,  defective pieces,  and broken 
chunks left  a f te r  ha rves t ,  The  smoke is 
plainly visible,  and its source  is obvious. 
Since t imber  cutting began, untreated 
logging res idue  f r o m  old-growth fo res t s  
has been a f i r e  th rea t  and an obstruction 
t o  r e source  management. Many public 
viewers a r e  now sensi t ive t o  the visual  
impact  of smoke f r o m  s l a sh  burning, 
especial ly on otherwise c l e a r  days,  and 
cr i t ica l  of the d isorder ly  appearance of 
logging slash. 

As  pa r t  of the  growing concern fo r  the 
environment everywhere,  a genera l  attitude 
is emerging that environmental objectives 
mus t  be given g rea te r  weight in all aspects  
of fores t  land management. These  objec- 
t ives include maintaining clean air ,  an  
uncluttered landscape,  and a prompt r e tu rn  
of harves ted  a r e a s  t o  a productive fo res t  
condition. 

G r e a t e r  utilization is an  obvious solu- 
tion t o  the problem of reducing the amount 
of logging res idue  on ha rves t  a r e a s ;  and 
g rea te r  utilization can come f r o m  s t ronger  
incentives in the t imber  selling process ,  
m o r e  efficient ma te r i a l s  handling and 

development, and new products o r  
p rocesses  that utilize low-quality wood. 

Another motive for  reducing logging 
residue comes  f r o m  the land manager 
himself.  
make it m o r e  access ib le  for  men and 
equipment for  m o r e  intensive management 
of the next c rop ,  a task  becoming m o r e  
r e a l  and m o r e  urgent as the  general  t h rea t  
of natural  r e source  shortages receives 
attention. 

This  is t o  clean up the land and 

Our purpose in this repor t  is  t o  review 
potential for  and problems of reducing 
logging residue,  through improvements in 
t imber  selling procedures ,  ma te r i a l s  
handling, and product utilization. We will 
a l so  examine the economic framework of 
residue reduction, cu r ren t  prac t ices  in 
residue management, recent  studies and 
developments, and sugge st possible 
improvements,  pr imar i ly  in sa l e s  
a r rangements  . 

Although th is  repor t  focuses on 
reduction of logging residue,  we recognize 
that on delicate o r  unfertile soi ls  some 
of the sma l l e r  residue should be left as 
protective cover ,  for  soi l  building, and 
for  nutrient recycling ( C r a m e r  1974). 

QUANTITIES O F  LOGGING RESIDUE 

Howard (1973) es t imated  that on 
c learcut  a r e a s  in 1969 in wes te rn  W a s h-  
ington and western  Oregon the average 
net volume of chippable residue ranged 
f r o m  1 ,  328 cubic feet p e r  a c r e  
(93. 0 m3/ha)  on private lands t o  3,127 
cubic feet pe r  a c r e  (218. 9 m3/ha)  on 
National F o r e s t  lands (f ig.  1) .  On the 
eas t  side of Washington and Oregon, the 
averages  w e r e  352 cubic feet p e r  a c r e  
(24.6 m3/ha)  for  private lands and 291 
cubic feet per  a c r e  (20.4 m3/ha) for  the 
National Fores t s .  F o r  both States ,  the 
total  net residue generated during 1969 
was  547 million cubic feet (1 5. 5 million m3). 



Part of the projected growth in demand 
for  wood could be met ,  and pr ice  p r e s s u r e s  
eased,  by increased  utilization of both.mil1 
and logging residue,  use of t r e e s  present ly 
c lassed  as cul ls ,  and increased  efficiency 
in construction and manufacturing. Grea t e r  
efficiency in the utilization of res idues  
could a l so  contribute to  wood needs, and 
improve public acceptance of t imber  h a r -  
vesting. 

By way of perspect ive,  coa r se  wood 
residues f r o m  manufacturing have been 
increasingly utilized over  the past  two 
decades. 
received at pulpmills,  most ly  produced 
f r o m  s labs ,  edgings, veneer  co res ,  and 
other  s imi l a r  coa r se  mater ia l ,  ha s  grown 
f r o m  0. 1 billion cubic feet (2. 8 million m3) 
(solid-wood bas i s )  in 1950 t o  2. 1 billion 
cubic feet (59. 4 million m3) in 1973 
(developed f r o m  Phelps and Hai r  1974). 
Some of this mill residue,  of course ,  
comes f r o m  increased  utilization of logging 
residue,  o r  of what would otherwise be 
left  as logging residue.  

The est imated volume of chips 

Chip exports f r o m  the two States ,  
f r o m  both roundwood and mill residue,  
increased  threefold between 1968 and 1974 
(Ruderman 1975): 

Chip exports  

(Million shor t  tons, 
d ry  weight) 

1968 1 . 2  
1972 2 . 2  
1974 3. 6 

THE ECONOMIC FRAMEWORK O F  
RESIDUE REDUCTION 

Pract ical-minded men familiar with 
logging operations a r e  often quick t o  
point out that logging residues a r e  left 
because they have no value, o r  even a 
negative value. 
improvement in logging utilization over 
the yea r s  in response t o  higher pr ices  
and claim that it is use less  to  t r y  to  force 
m o r e  complete utilization of logging 
residue because this  might only displace 

They point' to the gradual 

some  other m o r e  suitable raw mater ia l .  In Washington and Oregon, consumption 
by pulp and board mi l l s  increased  strongly 
fo r  both utility grade  logs and chips f r o m  
roundwood chipping mills (Bergvall  and 
Gedney 1970, Bergval l  and Ormrod  1974, 
Manock et al. 1970, Schuldt and Howard 
1974): 

Consumption of Consumption of 
Utility grade chips f r o m  roundwood 

logs chipping mills 

(Million board feet (Thousand tons, 
Scribne r sca le)  d ry  weight) 

1968 177 .8  75. 6 

1972 481 4 2 ,041 4 

This reasoning i s  part ia l ly  valid, but 
it does not lead to a fully sat isfactory 
conclusion. F o r  one thing, it ref lects  
only a sho r t - t e rm viewpoint and does not 
recognize that in the long run the total 
s ize  of the marke t  can be increased so 
that residue can be utilized without 
displacing other raw mater ia l .  Moreover,  
innovative p roces ses ,  products,  and equip- 
ment can make efficient utilization possible. 
In this sense ,  channeling residues into 
mor  e int e g r  ate d manufac tu r  ing c omplexe s 
will probably lead to expansion of the 
total  marke t .  

Also, this  view does not recognize 
that socially desirable  ends a r e  not always 
achieved by marke t  forces .  
able conditions, marke t  forces  can be 
changed by (1) shifting f r o m  average 

Under favor-  
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cost  pricing of t imber  stumpage t o  some 
f o r m  of dual pr icing where low value mate-  
rial goes at a cheaper  ra te ,  (2)  reallocating 
fixed logging and manufacturing charges,  
and ( 3 )  channeling res idues  into m o r e  
integrated manufacturing complexe s whe r e  
they can be put t o  a wider variety of uses .  

In a sense ,  residue reduction i s  
la rge ly  a physical accomplishment objec- 
tive. 
of good land stewardship, professional 
management,  and avoidance of physical 
waste .  .. Advocates of c leaner  logging a s s e r t  
that residue reduction should not have to  
yield a dollar re turn ;  it is regarded  more  
a s  just  another par t  of the ha rves t  job, 
requi red  by a commitment to quality land 

It provides a symbolic demonstration 

management. 

Such reasoning may be used t o  justixy 
m o r e  residue reduction in the f o r m  of 
disposal ,  but mos t  people p re fe r  g rea t e r  
utilization to  a disposal  t rea tment .  He re ,  
however,  utilization at a cost g rea t e r  than 
the value of the product would generally 
be considered a misallocation of r e sou rces .  
Clear ly ,  the  challenge is to  develop new 
sa l e s  a r rangements ,  mater ia l s  handling, 
and utilization p roces ses  that lower cos ts  
o r  increase  the demand for  and value of 
potential products.  

Management of logging residue is 
becoming a vital pa r t  of the f o r e s t e r ' s  
job. 
total  amounts of residue where that 
residue i s  excessive.  It a l so  involves a 
planned effort to  recognize the benefits 
of leaving some residue on the ground for  
so i l  building, so i l  stabilization, and 
nutrient recycling, 

This  involves chiefly a reduction of 

CURRENT PRACTICES IN RESIDUE 
MANAGEMENT 

A variety of logging prac t ices  con- 
cerning utilization a r e  in effect on lands 

of different ownership c l a s ses .  These 
i l lus t ra te  both the variety of conditions 
and the t r i a l - and- e r ro r  nature of efforts 
by different agencies and owners toward 
making res idue  reduction a part  of the 
fores t  and land management job. 

FOREST SERVICE 

Management of the National F o r e s t s  
has  always had implicit  goals of protection 
and s tewardship of the  environment,  but 
in  pract ice these  have not always been 
easy  to  achieve. 

Normally,  t imber  sa l e s  a r e  made on 
a competitive bid bas i s ,  a f te r  appra isa l ,  
with e i ther  (1) a bid pr ice  per  thousand 
board feet for  each spec ies ,  with quantity 
based on sca le  recovery  of the logs a s  
they a r e  removed, o r  (2)  on a t r e e  mea-  
surement  bas i s ,  where bidding i s  on the 
bas i s  of a total  dol lar  amount f o r  the sa le  
a s  a whole. These two methods a r e  
called the sca le  recovery  method and the 
lump- sum method. 

Scale  Recovery Method 

In the sca le  recovery  method, the 
bid pr ice  for each species  o r  c l a s s  of 
ma te r i a l  applies uniformly to  all the 
volume of each removed. This  means 
that some logs a r e  lower in value and 
some a r e  higher.  However, logs lower 
in value than the bid pr ice  may cost  the 
purchaser  m o r e  than they a r e  worth, and 
he may be tempted to  fell  and buck the 
t imber  so  a s  t o  produce a minimum of 
such logs. In addition, he might have 
lit t le in te res t  in removing marginal ly  
unsound logs, permit ted without charge ,  
because of the danger that,  in scaling, 
these  might be judged sufficiently sound 
(usually one-third o r  more )  to  requi re  
payment at the full bid pr ice  the s ame  a s  
the higher  quality logs. 
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Historical ly,  nea r ly  all F o r e s t  Service 
t imber  sa l e s  in Region 6, the Pacif ic  North- 
west  Region (Washington and Oregon),  have 
been by the sca le  recovery  method, ra ther  
than the lump-sum method. 
chiefly to  the pu rchase r ' s  r i sk  that any 
given sa le  will produce l e s s  than i t s  es t i -  
mated volume, and to  the des i r e  of both 
s e l l e r  and purchaser  for  scaling r eco rds  
fo r  inventory control and for  other purposes.  

This  i s  due 

In the l a s t  few yea r s  mos t  F o r e s t  
Service sa les  on the west  side of the 
Cascade Range have had mixed pricing, 
with logs of 80 board feet and l a r g e r  net 
sca le  subject to  pricing on a scale  recov- 
e r y  bas is ,  and sma l l e r  logs or  logs l e s s  
than one- third sound priced at a low fixed 
dol lar  amount pe r  ac re .  

Although opportunities a r e  limited, 
a purchaser  could a l t e r  h i s  bucking 
prac t ices  s o  as t o  throw some of the 
s tandard sca le- recovery  mater ia l  into 
the substandard pe r - ac re  ma te r i a l  and 
escape payment for  it ,  even though he 
removes it. 
th is  has  not occur red  to any grea t  extent. 

As far as can be determined,  

T r e e  Measurement  o r  
Lump-sum Sales  

In the t r e e  measurement  o r  lump-sum 
method, the total  p r ice  is fixed, and the re  
i s  no charge for additional ma te r i a l  taken 
out, l a rge  o r  smal l ,  cull  o r  sound. In 
theory this  should encourage grea te r  
utilization because the ex t ra  stumpage 
cost  for  any ex t r a  piece is zero.  An 
advantage of this method over the combined 
sca le  recovery and pe r - ac re  pricing 
a r rangement  i s  that in the complete t r e e  
measurement  sa le  t he re  would be no 
incentive t o  a l t e r  the bucking pract ice to  
divert  m o r e  logs into the cull  o r  p e r - a c r e  
pricing category. A disadvantage is the 
m o r e  intensive cruis ing required for  
acceptable accuracy  in measurement  of 
t imber  volume. 

Up to  now, Region 6 of the Fo res t  
Service has  made relatively few t r e e  
me  a s  ur ement sa les  . 

Yarding of Unutilized Mater ial  

Required yarding of unutilized mate-  
rial, called "YUM yarding,"  has  been used 
s ince 1969 on portions of designated Fores t  
Service t imber  sa les .  
this  arrangement  specify that all sub- 
s tandard logs of a given diameter  o r  
l a rge r  (usually 8- o r  12-inches (20. 3 -  o r  
30. 5-cm) diameter  inside bark  at the 
l a rge  end) and 10 feet (3 .  0 m) o r  more  
in length must  be yarded t o  landings o r  
to specified locations on the sa le  a r e a  
(fig. 2).  

Most s a l e s  using 

F r o m  the standpoint of the land 
manager ,  t he re  a r e  four major  purposes 
for YUM yarding. F i r s t ,  the smoke 
f r o m  broadcast  s lash  burning can be r e -  
duced o r  eliminated, par t icular ly in the 
smoke sensitive period of ea r ly  fall. The 
YUM piles will burn hot ter  and can there-  
fore  be burned l a t e r  in the season,  on 
overcast  days when not visually objection- 
able,  and on days when air movement 
is  away f r o m  population centers .  
burn with l e s s  smoke than a broadcast 
ground f i r e ,  and the higher tempera tures  
f r o m  combustion will c a r r y  the smoke 
t o  higher a tmospheric  levels  for  dispersion. 

Piles 

Second, this  s e rves  the land manager ' s  
objective for g rea t e r  utilization because 
the cost  of YUM yarding en ters  the appra is-  
al as a fixed cost and the opera tor ' s  only 
ex t r a  cos ts  a r e  those of loading and haul- 
ing. Third,  YUM yarding makes the a r e a  
m o r e  accessible  t o  men and machines for  
reforestat ion,  thinning, and other manage- 
ment act ivi t ies ,  Finally, the cleaner ,  
well-groomed look i s  more  esthetically 
acceptable to  the public (fig. 3) .  Other 
purposes have been discussed by Combs 
(1975). 
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Figure 2.--Unmerchantable material yarded to landing, Willamette National Forest. 

Potential  advantages of YUM yarding 
to  the purchaser  a r e  that  it provides more  
total  work and appra isa l  cos t  allowance for 
h i s  men and equipment, and potentially 
provides m o r e  raw mater ia l  for industry. 
An additional advantage of YUM yarding 
would acc rue  i f  an efficient operator  
should find he can do the ex t r a  yarding 
work for l e s s  than est imated in the 
appraisal .  Finally, a s t ra teg ic  advantage 
can be recognized where the purchaser ,  
a f t e r  developing a chip mill o r  a special-  
ized small log sawmill  able to utilize this  
ex t ra  mater ia l ,  could have an edge over 

competi tors  not having such an integrated 
outlet. 

The purposes  of YUM yarding a r e  
understood by t imber  pu rchase r s  and 
opera tors ,  but these  persons  often dislike 
doing the job, especial ly  when other  more  
productive logging jobs a r e  available. 
Some suggest that YUM yarding might be 
be t te r  handled by the Fores t  Serv ice  o r  
as an ent i rely separa te  c'ontract. Others  
contend that actual  cos ts  have sometimes 
exceeded est imated cos ts .  
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Figure 3.--Clearcut area after unutilized material has been yarded, Willamette 
National Forest. 

Other c r i t i c i sms  of YUM yarding a r e  
that (1) it does not real ly eliminate the  
need for  broadcas t  burning of fine ma te r i a l  
and competing low vegetation which a r e  
de ter rents  to reforestat ion,  (2) the remains  
of burned YUM piles a r e  unsightly and 
these  often burn so  hot that soi l  damage 
m a y  occur,  and (3 )  cos ts  of up t o  $500 
p e r  a c r e  a r e  questioned as being g rea te r  
than benefits (Dowdle 1973). 

YUM yarding is probably not a univer- 
sal land management prescript ion,  but it 
h a s  been at leas t  part ial ly successful  in 
achieving its objectives. Although the 
cost  appears  high compared with other  
t r ea tmen t s ,  it is justified by land manage- 
ment benefits and by the incentive it gives 
for  additional utilization of the resource .  
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BUREAU OF LAND MANAGEMENT guaranteed uniform del ivered pr ice ,  sub- 

T imber  onBLM, U.S. Department of 
the In ter ior ,  lands is near ly  always sold 
on a lump-sum basis .  No standards for  
cutting and removal  o f p i e c e s  to  a s tated 
minimum s ize  need be included in the sa le  
contract .  After he  has  paid for the en t i re  
t imber  volume, the purchaser  has  an 
incentive to remove all ma te r i a l  whose 
revenue exceeds the cos ts  of removal.  

The  BLM requi res  s lash  disposal  on 
near ly  all t imber  sa les .  Burning i s  the 
p r i m a r y  means  of s lash  disposal.  Gros s  
yarding, a t e r m  analogous t o  the Fo res t  
Se rv i ce ' s  YUM yarding, is authorized f o r  
use in locations where it is des i rab le  a s  
a means  of preparing the area for refores-  
tation o r  where the re  i s  a smoke- 
management problem. 

STATE O F  WASHINGTON 

The  Washington Department of Natural  
Resources  has a vigorous p rog ram of t imber  
sa l e s  on State fo re s t  lands. Mast of the i r  
old-growth t imber  in wes te rn  Washington 
is sold on a sca le  recovery bas is .  

In May 1971, the Department of 
Natural  Resources  publicized a proposal 
t o  develop an a s su red ,  s table  marke t  in 
northwest Washington fo r  l a rge  Utility 
grade log&/ and for  smal l  sound logs or 
chunks t o  a minimum s i ze  of 4 inches by 
8 feet (10. 2 c m  by 2.44 m). 
competitive bidding, a processing firm 
would be guaranteed a 10-year  supply of 
such mater ia l ,  up to 40 million board 
feet (188,800 m3) annually, 

Through 

at a 
- 

L' A Utility grade log i s  one that does not 

j ec t  to  pr ice  adjustment every  2 yea r s .  
The firm would operate  a pulp-chip mill 
and presumably other  faci l i t ies  to  rebuck 
Utility grade logs so as to  salvage sound 
segments that would have higher  value 
for lumber  and veneer ,  

Some establ ished purchasers  of 
t imber  opposed the plan because they 
felt they a l ready  had developed a good 
marke t  fo r  f iber  logs and did not want 
to give up th is  advantage. Others  c laimed 
that the mechanism for  sort ing and grading 
logs was uncertain and the mechanism for  
pr ice  adjustment too cumbersome.  The 
proposal has  not yet been activated. 

STATE O F  OREGON 

The State  of Oregon has almost  no 
old-growth fo re s t s  under its management 
and therefore  does not experience the 
l a rge  amount of defect o r  heavy breakage 
that contributes t o  the ma jo r  slash and 
residue problems on other ownerships.  
State-owned t imber  in Oregon i s  sold 
under both the sca le  recovery and the 
lump-sum methods, the la t te r  used mainly ' 

in the m o r e  uniform young-growth stands. 

Slash disposal  on State of Oregon 
fo re s t  lands is done by the t imber  opera tor .  
Where necessary ,  s lash  concentrations 
a r e  t r ea t ed  by piling and burning, spot 
burning, o r  by broadcast  burning. 

IND US T R Y LANDS 

The  comments  which follow a r e  
based la rge ly  on discussions with r ep re-  
sentatives of t h r e e  l a rge  industr ial  land- 
owners.  
m o r e  control over  utilization of wood, 

This  type of landowner exe r t s  

meet the requirements of Peeler or Sawmill 
grade logs but has a usable chip content of at 
least 50 percent of its gross volume, a minimum 
diameter of 6 inches ( 1  5. 2 cm),  and generally 
a minimum length of 1 2  feet ( 3 . 7  m) (Columbia 
River Log Scaling and Grading Bureau et al. 1972). 

f r o m  t r e e  s tump through all s tages of 
processing,  than do sma l l e r  landowners 
o r  the public agencies .  This  is a decided 
advantage in land management for  residue 
r educ ti on. 
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On private lands with controlled 
access ,  the resu l t s  of logging a r e  viewed 
l e s s  by the  public; and in remote  locations 
esthet ics  understandably may receive l e s s  
consideration. Industr ial  landowners, in 
cont ras t  t o  stumpage purchase r s ,  a r e  in 
a position t o  obtain the benefits of reduced 
haza rd ,  e a s i e r  reforestat ion,  and be t te r  
a c c e s s  fo r  subsequent land management, 
and they have an economic in teres t  in 
recovering maximum t imber  volume f r o m  
each ac re .  

Utili z a t  i on 

Industry lands a r e  often c lose r  t o  log 
marke t s  than a r e  public fo re s t  lands. 
Th i s  lowers  t ransportat ion cos ts  and tends 
t o  make c lose r  utilization m o r e  feasible. 

A key t o  logging residue reduction l ies  
in market ing,  in finding ways t o  utilize the 
l e s s  valuable pieces r a the r  than spending 
money to  dispose of them. 
integrated manufacturing firm, eve ry  
addition t o  the  supply of wood raw mate r i a l  
adds opportunity for  profit in the manu- 
facturing and marketing p rocess .  Also, 
l a r g e  firms with the i r  own logging c rew 
often pay wages on an  hourly bas is ,  thus 
eliminating the logger ' s  incentive t o  leave 
small and defective logs of low value for  
l a r g e r  and m o r e  valuable t imber  elsewhere.  

F o r  a l a rge  

More  Efficient Log Handling 

Large  industr ial  firms have achieved 
c l  o s e r  logging utilization by: 
logs in cent ra l  log yards  under c lose  
supervision t o  ass ign  each log to  its 
highest value use ,  depending on mill 
needs o r  o r d e r s ;  (2 )  bucking logs at a 
cent ra l  y a r d  to  r a i s e  grade:  and (3 )  
increasing logging efficiency, with each 
s tep  m o r e  under the landowner's control  
than occur s  under public t imber  sa les .  

(1 ) sort ing 

REVIEW O F  RECENT STUDIES 

Severa l  studies in the  last few y e a r s  
have dealt  with the problem of logging 
residue.  
studies t r a c e s  the growing recognition of 
logging res idue  as a problem in r e source  
management and helps t o  es tabl i sh  why 
reduction of logging residue is becoming 
a working objective of fo re s t  management. 

The  following review of these  

Feasibi l i ty  Study in 
Western Washington 

In 1964 the G r a m  Development Corpora-  
tion repor ted  on the  economic feasibility of 
utilizing logging res idue  in selected W a s h-  
ington counties (Gram Development Corpo- 
ration 1964). This  study examined seve ra l  
locations for  a chipping plant o r  a combina- 
tion chipping plant and sawmill.  
clusion was  that a specialized operation 
could be feasible, but logs would have to  
be  obtained on favorable t e r m s ;  a close 
working relationship would be necessa ry  
between t imber  buyer and se l l e r  and a 
location nea r  an  integrated fo res t  products 
industry complex would be desirable.  

The  con- 

F o r e s t  Residues P r o b l e m  Analysis 
and Research  P r o g r a m  

F a h n e s t o c d l  p repa red  a r e s e a r c h  
problem analysis  on impacts  of fo re s t  
res idues  and the i r  disposal.  His  conclu- 
sion was  that management sys t ems  should 
be  devised t o  encourage m o r e  utilization, 
charging pa r t  of the added cos ts  against 
the d i rec t  and indirect  benefits t o  land 
management. This  analysis  stimulated 
formation of the F o r e s t  Residues P r o g r a m  
at the Pacif ic  Northwest F o r e s t  and Range 
Experiment  Station. 

,2' Fahnestock, George R .  1968. Impacts of 
fores t  residues and thei r  disposal on fores t  land 
management and environment in the Pacific North- 
west. In-Service report ,  Pac.  Northwest For. 
and Range Exp. Stn. ,  Portland, Oreg. 28 p. 
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F o r e s t  Management in Wyoming 

An interdiscipl inary F o r e s t  Service  
study t e a m  investigated the management 
of four National F o r e s t s  in Wyoming, in 
response t o  public concern of cu r ren t  
prac t ices  (USDA F o r e s t  Service 1971). 
Pr inc ipa l  findings w e r e  that people a r e  
concerned about the full range of fo re s t  
values, about unfavorable effects of tim- 
b e r  harvest ing,  and about the quality of 
fo re s t  s tewardship.  
of the criticism could be  at t r ibuted t o  
inadequate, improper ,  o r  poorly t imed 
t rea tment  of logging residue.  

They found that much 

They recornrnended r e s e a r c h  on 
possibi l i t ies  f o r  g rea te r  utilization o r  
t rea tment ,  s tudies on effects of logging 
residue management on water  quality, and 
m o r e  coordination of burning with meteoro-  
logical information so as t o  reduce objec- 
tionable effects on air quality. 

Study of Prospect ive  Residue 
Utilization 

In 1971, a consulting firm, H. C. 
Mason and Associates ,  p repa red  a repor t  
for  the Paci f ic  Northwest F o r e s t  and Range 
Experiment  Station on prospect ive utiliza-  
tion of substandard log material .?/  

Fac to r s  identified as contributing t o  
s ucc e s sful ope rat ions included: st ronge r 
chip marke t s  , flexible management poli- 
c i e s ,  c lose  working relationships with 
t imber  s e l l e r s  and logging opera tors ,  a 
s table marke t ,  and an outlet for  accumula- 
t ions of higher grade  logs o r  log segments.  
Part of the success  of an operation in log- 
ging residue would r e s t  on the  opportunity 
t o  buck out higher  value segments f r o m  
otherwise Utility grade logs. 

Mason, H. C. ,  E. M. Matter ,  G. 0. 
Tolman, and R .  C. Smith. 1971, Study of 
prospective utilization of substandard log 
mater ia l .  35 p . ,  illus. H. C. Mason and 
Assoc . ,  Inc., Gladstone, Oreg. 

In one sense ,  removal  of logging 
residue was  viewed as a se rv ice  function, 
It was  suggested that the desirabi l i ty  of 
cleaning up the  woods may be  worth some 
f o r m  of purchaser  c redi t  on stumpage. 

The  requi red  yarding of unusable cull  
logs was considered discouraging to  
opera tors ,  and c h a r r e d  log re.mains at 
the landing o r  other  location a r e  apt  t o  
be m o r e  de t r imenta l  t o  appearance of the 
s i te  than i f  left  in place throughout the unit. 

Close T imber  Utilization 
Committee Report  

In 1971 a F o r e s t  Service  c o m i t t e e  on 
c lose  timbe’r utilization p repa red  a proce-  
dure  for  making c lose  t imber  utilization a 
s t ronger  pa r t  of F o r e s t  Service  manage- 
ment direction. The i r  repor t  noted that  
even though the  F o r e s t  Service  has had a 
long-standing policy t o  obtain the c loses t  
utilization economically pract ical ,  the 
present  national concern for  environmental 
quality indicates that g r e a t e r  efforts  a r e  
now required (USDA F o r e s t  Service  1 9 7 2 ~ ) .  

The i r  main recommendations were  to: 

1 .  P r e p a r e  i n t e r i m  standards that 
specify t a rge t  levels  of residue reduction 
according t o  different conditions of f i r e  
hazard ,  public exposure,  and other  fac tors ,  

2. Defer t imber  harvest ing where  
these  s tandards  cannot be met. 

3. Extend application of a l ready 
available prac t ices  which encourage be t te r  
utilization, including lump-  s u m  sa l e s ,  YUM 
yarding, mult is tage logging, and se rv ice  
cont rac ts  with salvage r ights .  

4. Study al ternat ive t imber  sa l e  
a r rangements  including sa l e  of logs at the  
roadside o r  at a concentration point, use 
of an  extended land management contract ,  
and al ternat ive pricing procedures  to  avoid 
average  cost  pricing of low-value material .  
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5. Require res idue removal  under a 
"prudent land manager" concept, which 
gives g r e a t e r  recognition to  the  total  
management needs of the landowner. 

and development of methods for  reducing 
logging residue.  

State and pr ivate  fo res t  lands,  establish 
regional t e a m s  to  promote be t t e r  utilization 
on all lands,  and implement a 5-year effort 
t o  reduce logging res idue substantially on 
all fo res t  lands. 

6. Give g r e a t e r  pr ior i ty  t o  r e s e a r c h  

7 ,  Encourage improved utilization on 

National F o r e s t s  in a Quality 
Environment 

A nationwide review of environmental  
aspects  of National F o r e s t  t imber  manage- 
ment was made by a multidiscipline t e a m  
of F o r e s t  Service  staff specia l is ts  (USDA 
F o r e s t  Serv ice  1972b). 

Recommendations involving logging 
res idue were:  
Service  sensit ivi ty to  esthetic values i n  
planning and executing t imber  h a r v e s t s  
and re la ted activi t ies,  (2)  to design and 
apply si lvicultural  t r ea tments  t o  se lected 
road foregrounds in a manner  that would 
perpetuate appropr ia te  species  and provide 
an a t t rac t ive  roadside,  (3)  t o  recognize 
a r e a s  where  the f inal  ha rves t  cut  mus t  be 
defe r red  until m a r k e t s  and sa le  procedures  
a s s u r e  a reasonable  level  of utilization of 
the  t imber ,  and (4) t o  acce le ra te  r e s e a r c h  
in key p r o g r a m  a r e a s ,  one of which includes 
r e s e a r c h  in pract ices  to  enhance the 
environment and reduce unfavorable impacts  
on it. 

(1) to inc rease  F o r e s t  

F o r e s t  Service  Response to 
Recommendations of F o r e s t r y  Deans 

The  F o r e s t  Service  responded in June 
1972 to  the recommendations of five fores-  
t r y  school deans who had evaluated c lea r -  
cutting on the National F o r e s t s  in a repor t  

to  the Council on Environmental  Quality 
(USDA F o r e s t  Service  1972a). The deans 
recommended improvement in F o r e s t  
Service  t imber  sa le  administrat ion and 
supervision,  g r e a t e r  contract  flexibility, 
and m o r e  effort toward inc reased  logging 
utilization. They a l so  recommended 
r e s e a r c h  for  improved logging sys tems  
and for  be t t e r  ways of slash disposal  and 
removal of logging debr is .  

The  F o r e s t  Service  response recog- 
nized public concern over  the "harsh  
visual aspect" of a patch-cut a r e a  and 
outlined s teps  being taken to  give m o r e  
attention to  environmental  quality and to  
study alternative mixes  of various uses  
that National F o r e s t s  can provide. 
tion of logging residue,  e i ther  by utiliza- 
tion o r  by some f o r m  of disposal ,  is being 
given g r e a t e r  emphasis  as an  important 
policy objective. 

Reduc- 

Report  of the P r e s i d e n t ' s  Advisory Panel  
on Timber  and the Environment 

In an appendix t o  a repor t  by a specia l  
advisory panel on t imber  and the environ- 
ment, Newport (1 973) outlined possible 
changes in t imber  sale policies t o  improve 
logging utilization and reduce waste.  
These  included more  thinning and salvage 
sa les ,  more  sa les  on a lump- sum o r  t r e e  
measurement  bas i s ,  and pricing policies 
to  provide for  sufficient profit and volume 
t o  encourage investment in new equipment 
and processes  especially designed for  
small logs and defective logs. 

A staff paper  fo r  the advisory panel 's  
repor t  a l so  explored a service- type con- 
t r a c t  for  Federa l  t imber  sa les ,  with a 
logging contract  separa te  f r o m  the  log 
sa le  contract  and a reduced stumpage 
charge for  low value logs,  compensated 
by higher charges  on high value logs, o r  
by purchaser  c red i t  for noneconomic 
removal of small o r  defective mater ia l .  
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The purpose of both these  repor t s  was 
t o  suggest methods for  reducing logging 
residue through new f o r m s  of s a l e s  a r range-  
ment s. 

Status of T imbe r  Utilization Report  

Grantham (1 974) reviewed the status 
of t imber  utilization on the Pacif ic  coast  
and pointed to technological advances in 
yarding sys tems ,  log sort ing centers ,  new 
pulping sys tems ,  new s t ruc tu ra l  products,  
and m o r e  accura te  sawing as means to  
reduce wood res idues .  

He discussed recent  advances in wood 
combustion technology including p r ed rying, 
reduction to  uniform- s ized fuel, improved 
combustion control  through furnace o r  
boiler  design, and improved exhaust 
emiss ion control .  Suggested uses  were  
for  d i rect  heat  exhaust to veneer  d r y e r s  
and d r y  kilns, o r  to boi lers  for  e l ec t r i c  
power generation by some of the l a r g e r  
fo res t  industry plants, especially pulp 
mills and papermil ls .  Application of 
these  technological advances can contribute 
t o  g rea te r  logging utilization. 

Studies of Lump-sum and 
P e r -  a c r e  Pr ic ing  

In west  e r n  Oregon, a 1970 study com- 
pared s i x  each of scale- recovery and 
lump- sum sa les  and found no significant 
difference between the two groups with 
respect  to volume of logging residue,  cos ts  
of sa le  preparation and administrat ion,  
and bid p r ices  (Beuter  and Arney 1972). 
Observed differences,  however,  suggested 
the possibility that other  fac tors  such as 
type of equipment, ma rke t  situation of the  
logger,  and t i m e  of logging may have had 
a s t rong influence on logging utilization. 

Another study of 1971 logging on 
National F o r e s t s  in western  Washington 

and western  Oregon compared 19 scale  
recovery sa les  with 19 s a l e s  where  logs 
of 80 board feet in volume and over  were  
sold on a scale  recovery bas i s  but all 
smal le r ,  cull, and Utility grade logs we re  
included on a lump- sum per- acre  bas i s  
(Hamilton e t  al. 1975). Resul ts  showed - 
an  adjusted average of 16 .8  percent  l e s s  
residue on the  lump-sum p e r - a c r e  sa les ,  
s tat ist ical ly significant at the 1 0-pe rcent 
probability level  but not significant at the 
5-percent level. The authors  concluded 
that this was weak s ta t i s t ica l  evidence of 
a r e a l  difference between the  two methods 
and that other fac tors  surrounding the  
h a r v e s t  operation may be more  important .  

IMPROVED SALES ARRANGEMENTS 

Several  variat ions in t imber  selling 
procedures  have been descr ibed e a r l i e r  
in this report .  
recovery sa les ,  lump- sum o r  t r e e  mea-  
surement  sa les ,  s a l e s  to  specified utiliza- 
tion s tandards ,  combination p e r - a c r e  and 
sca le  recovery sa les ,  and sa les  with 
required yarding of unutilized mater ia l .  
Severa l  marketing aspec t s  inherent in 
the t imber  selling p rocess  a r e :  

These  include scale  

1 .  The sa les  contract  is a legal  
agreement  between independent pa r t i e s  
to do what is specified in the  contract .  
It is difficult t o  specify every  detai l  p r e -  
cisely in a contract  and yet retain the  
flexibility needed for common sense  
decisions and efficient operation. 

m a r y  in te res t  in obtaining logs f o r  thei r  
manufacturing business  o r  for  r e sa le .  
Logging opera to r s ,  to  continue in business ,  
mus t  produce adequate and sustained 
income; th is  directly depends on high- 
volume log production. 

2. Timber  purchasers  have a p r i -  

For  the  purchaser  
o r  logging operator ,  
sharply  for  small o r  
Most logging res idue 
t o  these  par t ies .  

logging cos t s  r i s e  
low - q ual i ty mat e rial . 
has l i t t le  o r  no value 
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3. One of the  principles of market ing 
is that t o  accomplish something through 
another par ty  you mus t  find a way to  make 
him significantly bet ter  off. Reduction 
o r  removal  of logging res idue is not easy  
under this principle. 

If logging res idues  on public lands 
a r e  to  be  significantly reduced, the  public 
somehow will have to  stand the  cost ,  e i ther  
in reduced stumpage receipts  o r  in higher  
product p r i ces .  

4. 

The  above market ing aspec t s  r a i s e  the 
question of what actions might be  taken t o  
modify the sa le  procedure  t o  help achieve 
g r e a t e r  logging utilization. Alternatives 
have been considered,  and additional 
r e s e a r c h  o r  pilot test ing is needed. 
promising ideas  a r e :  

Some 

TUNE UP PRESENT SYSTEM 

Some actions can be  taken to  improve 
logging utilization under cur ren t  authori ty 
and regulations. 
o r  modify management prescr ipt ions  will 
take t i m e  for  refining and testing. Th i s ,  
however,  r equ i res  direction and support  
f r o m  top levels  of management of both 
s e l l e r s  and buyers .  

Any effort t o  intensify 

Rapid closeout of cutting units for  
r esa le  may also encourage res idue 
removal.  
ging of p a r t s  of the  unit, o r  m o r e  proba-  
bly, for  s a l e  of YUM piles.  

Resa le  may  be e i ther  for relog- 

REQUIRED REMOVAL 

Before  introduction of p e r - a c r e  p r ic-  
ing f o r  logs under 80 board feet  in s ize ,  the 
utilization s tandard specified in Region 6 
F o r e s t  Service  sa les  was generally t o  a 
50-board-foot net log s i ze  in old-growth 
stands and to  20 o r  30 board feet in young- 
growth o r  int e rmediate -age for  e st s. 
Operators  we re  expected to  remove all 
logs down to  the  minimum s ize  standard.  
L a r g e r  pieces not removed would be 
scaled and paid for at a penalty ra te .  

Initial experience unde,r the p e r - a c r e  
pricing f o r  mate r ia l  under a given mini- 
m u m  s ize  has not been uniform. Some 
opera to rs  we re  encouraged t o  remove 
m o r e  of the small mate r ia l ,  s ince it b e a r s  
no d i rec t  stumpage charge,  but other 
opera to rs  left such mate r ia l ,  p re fe r r ing  
to  move to more  valuable mate r ia l  in 
another sa le .  When p e r - a c r e  pricing 
was first introduced, t h e r e  was no strong 
requirement  to  remove the  p e r - a c r e  
mate r ia l .  However, in July 1974, the 
F o r e s t  Service  in Region 6 adopted an 
a r rangement  under which pieces  down t o  
30, 20, o r  10 board feet in individual sa les  
we re  required to be removed. 
Special  Cull grade,A/  and hardwood logs,  
an  exception was made fo r  g ros s  economic 
impracticabil i ty at the t ime  of removal of 
o ther  t imber .  Much res idue mate r ia l ,  
however,  does not mee t  these  specifications 
and is not affected by required removal of 
the  specified mater ia l .  

W i t h  Utility, 

INCREASED SLASH DISPOSAL DEPOSITS 

Increased purchaser  deposits under 
the  Brush  Disposal  Act (16 U. S. C. 490) 
could provide for  additional res idue 
reduction work. At present ,  these  
deposits  a r e  collected p r imar i ly  for  f i r e  
protection work,  where  objectives a r e  
not as broad as the res idue management 
objectives which re la te  t o  the  total  impact 
of res idues  on other  uses  and the  environ- 
ment.  

The Douglas-fir Special Cull grade 
includes logs that do not meet the requirements 
of Peeler and Sawmill grade rules but are 
suitable for rotary cutting and have surface 
characteristics of a good No. 2 Sawmill log. 
In addition, they must have an adjusted gross 
diameter of at least 16 inches (40. 6 cm) and 
adjusted gross length of 8 feet 8 inches (2. 6 m); 
they must contain at least 60 percent usable 
material of firm white speck or better (Columbia 
River Log Scaling and Grading Bureau et al. 
1972). 
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The Washington State Department 
of Natural  Resources  has similar removal  
requirements  in mos t  of its cur ren t  con- 
t r ac t s .  

Where insufficient space is  available 
on regular  landings, nearby s to rage  a r e a s  
might be provided to  hold YUM mater ia l ,  
par t icular ly  Utility grade and Special  Cull 
logs during a poor marke t  period. 
Although the idea of s torage a r e a s  has 
much appeal, possible problems include 
s ize  of s torage a r e a ,  length of s to rage  
period, conflict with other  potential uses  
of the s to rage  s i te ,  accountability of logs 
i f  more  than one purchaser  uses  the s ame  
s to rage  a r e a ,  susceptibil i ty t o  insect ,  
d i sease ,  and f i r e  hazard ,  and what t o  do 
with logs still i n  decks at the contract  
expiration date.  

SERVICE CONTRACT 

Under a s e rv i ce  contract ,  the public 
land management agency would in effect 
h i r e  the opera tor  t o  do the logging job as 
directed and del iver  logs to  a sor t ing ya rd  
o r  t o  a t h i rd  party.  
public agency m o r e  control over  logging, 
which could then be m o r e  flexible than 
under the presen t  sy s t em of stumpage 
sa les .  Any degree  of res idue removal  
could be requi red  because the opera tor  
would b e  paid t o  do the work. The  pay- 
ment  to the opera tor  could be f r o m  a 
revolving fund o r  purchaser  c red i t  toward 
other  t imber ,  o r  some f o r m  of th i rd  
par ty  payment to  the operator .  

Th i s  would give the 

logging skil ls .  Residue management 
would be considered a pa r t  of this land 
management job. F o r  example,  a cur ren t  
t imbe r  sa le  on the  Wind River  Experi-  
mental  F o r e s t  specifies a des i red  res idue 
level to be left  on t h r e e  clearcutting units, 
r a the r  than giving specifications for  mini- 
m u m  s ize  pieces  to be removed. 
t o  the  purchaser  to  reach  this des i red  
level with the yarding process .  

It is up 

An advantage cla imed for  the land 
management contract  concept is that the  
cont rac tor ' s  success  would be re la ted to  
how well h e  does the land management job, 
ra ther  than how fast and how cheaply he  
gets  out the logs.  

Rather than specifying the details  of 
operation, the contract  could require  that 
operations be c a r r i e d  out in accordance 
with an approved annual logging plan which 
would contain the detai ls  and be  subject t o  
negotiation and change each yea r  without 
modificatiqn of the bas ic  contract.  

Potent ia l  disadvantages of this concept 
include inflexibility because of the  probable 
long- te rm nature  of commitment,  possible 
loss  of control  over  detailed operations 
by the agency, and difficulty of defining 
prec i se ly  the responsibil i t ies of t he  con- 
t ract ing par t i es ,  par t icular ly  those which 
might differ f r o m  the presen t  t imber  sa le  
contract.  Lack of capability t o  pe r fo rm 
technical work might exclude some opera-  
t o r s  o r  firms f r o m  qualifying f o r  such a 
contract . 

LAND MANAGEMENT CONTRACT 

The land management contract  would 
focus attention on the land management 
job r a the r  than on the  logging job. The  
contracting firm would be given a high 
degree of responsibil i ty and control and 
would need capability in a broad range of 
land management ski l ls  in addition to  

Some logging res idues  constitute a 
ma te r i a l s  handling problem in yarding, 
where  heavy, expensive logging equipment 
is not suited t o  handling small o r  defective 
pieces .  
res idues  when the  opera tor  doesn ' t  have 
a marke t  for  the total  range of available 
raw mater ia l .  Improvements in mate r ia l s  
handling can there fore  increase  utiliza- 
tion and thus reduce logging residue. 

Logs and chunks a r e  a l so  left as 
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Conventional logging equipment is not 
always suitable for  protection of land values 
on s teep  slopes nor for  use under par t ia l  
cutting prescr ip t ions ,  Improved logging 
sys t ems  are therefore  needed to  reduce the 
physical impact  of the logging p rocess  and 
t o  c rea t e  l e s s  residue.  

TWO-STAGE LOGGING 

Two-stage cutting o r  yarding may 
prove feasible, in which heavy equipment 
is used for  l a rge  logs, and sma l l e r  m o r e  
flexible equipment and c rews  for  sma l l e r  
pieces.  However,  s tage cutting has  
tendency to cause  breakage in felling the 
second stage because of numerous stumps 
left  f r o m  the e a r l i e r  s tage.  

Part of the advantage of two-stage log- 
ging, similar to  adding a small sawmill  
alongside a l a rge  sawmill,  is that the l a rge  
log handling sys t em can be relieved of 
handling smaller logs, which a r e  m o r e  
costly with the l a rge  equipment. Th i s  
allows the la rge- log  sys t em t o  operate 
c lose r  to  its full capacity and avoids wast-  
ing t ime  with s m a l l e r  logs,  

The  second stage logging can remove 
not only the small logs imprac t ica l  to  
handle with the l a r g e r  s y s t e m  but a l so  
some of the logs that e i ther  s y s t e m  could 
remove. Therefore ,  the second stage log- 
ging can a l so  opera te  m o r e  efficiently by 
having a l a r g e r  volume over which t o  
sp read  fixed cos ts  (Adams 1965). 

MORE EFFICIENT LOGGING SYSTEMS 

Ordinary  t imber  sa l e s  a r e  se ldom 
geared  t o  a rat ional  integration of the  log- 
ging and manufacturing p rocess  in an  
efficient total  sys tem.  Availability of an  
increas ing  diversi ty of logging methods 
now ca l l s  fo r  m o r e  ski l l  in s a l e s  layout 
and m o r e  coordination with types of equip- 
ment used. Efficient logging a l so  bucks 
logs and s o r t s  spec ies ,  s i ze s ,  and grades  
to meet  the various requi rements  of the 

manufacturing plants involved. Logging 
res idues  tend to  be reduced when logging 
is integrated m o r e  closely with the 
d ivers i ty  of utilization outlets available. 

The conventional high-lead sys t em 
has an  inherent tendency t o  c rea t e  residue 
by breaking logs when pulling t h e m  out 
of a jammed situation and when they hang 
up against s tumps and other  logs o r  rol l  
down a sidehill  in yarding. On the other  
hand, skyline sys t ems  c rea t e  l e s s  residue 
because they can suspend logs o r  l i f t  one 
end higher  during the in-haul to  the landing. 
Thus ,  t he re  is l e s s  interference f r o m  
intervening stumps and s lash .  Balloon and 
helicopter sys t ems  have this  capability, 
but the i r  high cost  of operation inc reases  
the  s i ze  of the log that is economically 
submarginal  and might be left  as residue. 

Grapple sys t ems  a r e  f a s t e r  than 
choker sys t ems  and can pe rmi t  m o r e  
rapid and thus cheaper handling of low- 
value ma te r i a l  that might otherwise be 
left  as residue.  However, grapple sys t ems  
a r e  mostly l imited to  clearcutting. 

Skidding o r  yarding is jus t  pa r t  of the  
m a t e r i a l s  handling process .  More  efficient 
loading can somet imes  be accomplished 
by cold-decking smal l- d iameter  o r  shor t  
pieces for  l a t e r  handling by a s m a l l e r  
loader  than used for  the l a r g e r  logs. 
Hauling of smal l- d iameter  o r  sho r t  p ieces  
can be inefficient o r  even impossible with 
s tandard long-log t rucks  unless  the re  a r e  
sufficient bunk logs to  support the load. 
Short  t ruck  and t r a i l e r  combinations have 
been developed, with s takes  se t  to  accom- 
modate short  logs. An ex t r a  t r a i l e r  and 
a loading c r ib  can be used to  accumulate 
the next load while the main t ruck  and 
t r a i l e r  i s  on its way t o  the mill (Adams 
1965). However, except for  s t r ic t ly  sal- 
vage o r  la rge  integrated operat ions,  keep- 
ing such equipment fully occupied on a 
daily bas is  is difficult, 
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COMBINED LUMBER AND CHIP MILLS 

Special sawmills  have been designed 
to  operate on a high proportion of Utili ty- 
grade logs. Such mills aim t o  inc rease  
value recovery  of the logs by rebucking 
long logs into be t te r  grade  segments suitable 
for lumber  o r  veneer  production. 
recovery  is inc reased  f r o m  what would 
otherwise be  la rge ly  pulp logs o r  culls.  

Value 

Such mills must  be designed t o  handle 
a l a r g e  volume of chips, preferably with a 
whole-log chipper available. They a l so  
requi re  a marke t  outlet for  the  l a rge  accumu- 
lations of sawdust,  rot ,  and ba rk  usable 
only as hogged fuel. 

Keys to successful  operation a r e  low 
capital  investment, a l imited product l ine, 
small crew,  a dependable log supply, and 
a firm outlet for  chips and hogged fuel. 

A conventional sawmill  cannot afford 
to  operate in this fashion, because the  
investment in equipment and high labor  
cost  requi res  use of la rge ly  sound ma te r i a l  
f r o m  which volume and value output is 
g r  eate  r . 

MOBILE CHIPPERS AND SATELLITE 
PLANTS 

Large  mobile chippers  have been used 
successful ly for  conversion of small logs 
t o  chips at the  logging s i te  but have been 
made la rge ly  obsolete by introduction of 
chip-and-saw mi l l s ,  o r  by other  small- log 
mills that a r e  able to  make a higher value 
product for  small sound logs. Smal ler  
mobile chippers  a r e  now available, but 
t hese  find difficulty in producing chips 
that can compete with mill res idues  in the 
chip market .  

Independent chipping plants have a l so  
been t r i e d  but general ly have not been 
successful  because of a fluctuating chip 
market .  These  mills s e e m  t o  be the first 

affected in a poor marke t  because of 
the i r  inability to  make other  higher  value 
products  in combination with the chipping 
operation. Other  chip mi l l s ,  integrated 
with l a r g e r  fo re s t  industry f i rms ,  have 
been m o r e  successful  and probably will 
i nc rease  in number.  

The  chief advantage of mobile chippers  
and satel l i te  chipping plants is that they 
reduce raw mate r i a l  t o  chip f o r m  e a r l y  in 
the marketing p rocess ,  thus avoiding 
cost ly handling and rehandling of many 
individual small i r r egu la r -  shaped- pieces. 

Mobile chippers  and satel l i te  chipping 
plants a l so  have the disadvantages of 
geographic separat ion f r o m  the utilization 
plant and lack of business and marketing 
efficiency when the chipping facili ty is in 
separa te  ownership f r o m  the utilization 
plants Fur the r  disadvantages of mobile 
chippers ,  in par t icu lar ,  a r e  their need 
fo r  an  independent power source ,  costly 
t ransportat ion of worke r s  to  remote  s i tes ,  
delays caused by weather ,  and the diffi- 
culty of servicing breakdowns away f r o m  
pa r t s  and servicing sources .  

EXPANDED MARKETS 

Reduction of logging residue through 
g rea te r  utilization ultimately depends on 
enlarging the marke t  for  end products 
that can use such mater ia l .  In the shor t  
run, logging residue is  left  on the logging 
s i te  because it  cannot compete with higher  
value raw mate r i a l s  a l ready in use. Only 
a technical breakthrough, higher  log 
p r i ces ,  o r  a l a r g e r  total  marke t  can 
bring m o r e  of this  low-value ma te r i a l  
into use.  

Small ,  sound logs down to  a 5-inch 
( 1 2 .  7-cm) top d iamete r  may be  utilized 
in chip-and-saw o r  other  special ized 
small log sawmills .  F o r  ma te r i a l  not 
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suited to  lumber  o r  plywood use,  the chief 
marke t s  a r e  chips for  domestic  pulp o r  
part icleboard o r  for  export. 
tial outlets might be  as raw mate r i a l  for  
e l ec t r i c  power generation o r  mulch and 
soi l  conditioner.  

Other  poten- 

CHIPS FOR DOMESTIC P U L P  O R  
PARTICLEBOARD 

It is t r u e  that much logging residue 
contains a l a r g e  amount of sound fiber.  
However, in no rmal  t imes  pulpmills have 
been well supplied by mill residue and 
Utility grade logs.  Also, much of the 
sound f iber  in existing logging residue is  
mixed with part ial ly o r  totally decayed 
f iber  o r  is in i r r egu la r ly  shaped pieces 
not suitable for  handling and debarking, 
and cos ts  of collecting and handling a r e  
excess ive  for  this l e s s  suitable mater ia l .  

The  1973-74 slump in the lumber  
indus t ry  sharply  reduced available mill 
res idues ,  and the pulp industry turned 
strongly t o  logging residue as a supple- 
mental  sou rce  of chips. Severa l  la rge  
chip mills w e r e  built, and these  will 
probably continue operating even when 
availability of chips f r o m  mill residue 
r e sumes .  However, sha rp  fluctuations 
in the chip m a r k e t  can disrupt  any genera l  
p rog r  am for  in c r e a s  ed r e s  idue utilization . 

The part icleboard industry is growing 
r a t h e r  strongly, but f r o m  only a modest  
base  relat ive to  volume of all wood used 
by industry. Its principal  marke t s  a r e  in 
the E a s t  and Cent ra l  States ,  and raw 
mate r i a l s  c lose r  to  these  marke t s  have a 
transportat ion advantage, plus a labor 
cos t  advantage in many cases .  If the 
public were  t o  s h a r e  a pa r t  of the cost  of 
delivering r aw mate r i a l s  t o  the part icle-  
board  industry as a residue disposal  
measure ,  expansion of the part icleboard 
industry might be m o r e  feasible. 

S t ruc tura l  flakeboard is a new type 
of board in the developmental s tage.  
main fea tures  a r e  longer flakes (1-1 / 2  t o  
3 inches ( 3 . 8  t o  7. 6 cm) long) and con- 
t ro l led  orientation of the flakes to  give 
the  product g r e a t e r  strength. Douglas-fir 
flakes a r e  especial ly well suited because  
of the i r  improved strength proper t ies .  
If development is successful ,  this product 
could great ly enlarge the  marke t  for  wood 
residues.  
wall and roof sheathing in the housing and 
construction markets .  

Its 

Its principal use  would be f o r  

CHIPS FOR EXPORT 

The chip export industry,  exporting 
chiefly to  Japan, is well establ ished on 
the  west  coast  and is expected t o  continue 
strong except for  minor  fluctuations. 
Long- term contracts  (about 7 yea r s )  a r e  
presently in force,  and in the long t e r m  
some expansion of this market  is possible. 
So far foreign purchase r s  have been 
in teres ted  mainly in dealing with la rge  
well-established firms that can a s s u r e  
a long- term dependable supply. 

ELECTRIC POWER GENERATION 

Use of logging residue for  e lec t r ic  
power generation has been investigated 
by the Paci f ic  Northwest F o r e s t  and Range 
Experiment  Station (Grantham e t  al. 1974). 
The  study found that this potential use is 
severe ly  l imited by the high cos t  of 
collecting and €ransport ing l a rge  volumes 
of residue t o  a genera tor  s i te .  Use could 
be  e i ther  in power stations in the 25- t o  
50-megawatt s ize  c l a s s ,  o r  in industr ial  
power plants such as those at pulpmills 
where  the re  is a demand fo r  p rocess  
steam as well as e lec t r ic  power. 
sawmills  and plywood plants a l so  have 
need fo r  substantial amounts of e lec t r ic  
power as well as for hea t  energy for  kilns 
o r  veneer  drying, A t  p resent ,  these 

L a r g e r  
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l a t t e r  uses  show much p romise  f o r  increased  
use of residues.  However, none of these 
can rea l ize  the full economy of l a rge  sca le  
powerplants,  which with other  fuels will 

and accessible  in l a r g e r  quantities,  such 
as coal o r  n a t i i a l  gas  as a p r imary  
methanol source .  

occur  more  in the 500- to  1, 000-megawatt 
s ize  c lass .  

E lec t r i c  power generation f r o m  logging 
residue. in the Pac i f ic  Northwest was found 
potentially feasible only i f  the public were  
to  absorb  a portion of the costs  of collecting 
and t ransport ing the residue mater ia l .  
E l ec t r i c  power generation is a low-value 
use for  logging residue.  
not compete with higher  value uses  for 
sound f iber  for  pulp o r  part ic leboard.  
situation may change i f  demand and pr ice  
for  e lec t r ic  power continue to increase .  
Other  objectives,  such as environmental 
cleanup and the building of diversi ty  o r  
r e s e r v e  capacity into our  total  power sys-  
t em,  could overcome a costwise disadvan- 
tage. 

General ly  it can- 

This  

Burning of wood residue in combination 
with municipal refuse t o  generate  power 
might be feasible once a decision was made 
t o  handle municipal refuse in this  manner ,  
but the technology for  th is  use has  not yet 
been well perfected.  
plant of this  na ture  has  been proposed fo r  
Lane County, Oregon (CHZM Hill 1973). 

A 11 5-megawatt 

OT HER ENERGY USE 

The 1973 worldwide oil c r i s i s  c rea ted  
much in te res t  in developing other sources  
and types of fuel, such a s  methanol for  
automobiles (Reed and L e r n e r  1973) and 
methane gas f r o m  municipal organic 
was tes  o r  animal  manure.  Wood res idues  
a l so  could be converted t o  these  products,  
yet many technical and logistic problems 
would have t o  be solved before suitable 
p roces ses  could be economically feasible 
on any l a rge  sca le  (Grantham and El l i s  
1974). A t  present ,  all evidence points to  
other  sou rces  of energy being much cheaper  

MULCH AND SOIL CONDITIONER 

Bark  mulch is used extensively for  
landscaping purposes,  but whether chipped 
logging residue could ever  be competitive 
in th is  use i s  questionable,  mainly because 
bark  is a l ready  available at a very  low 
cost  at mills and because the color and 
texture of -bark mulch is m o r e  esthetically 
pleas  in g . 

Highway Use 

Chipped logging residue may  be 
suitable for highway roadside mulching, 
where appearance fac tors  a r e  not as 
cr i t ica l  as in other  landscaping use. The 
purpose would be to  conserve soi l  mois ture  
for  landscape planting, t o  control growth 
of weeds, and to prevent erosion. On the 
negative s ide,  highway mulch could be 
somewhat of a f i r e  haza rd  during d ry  
periods,  but select ive use may  be feasible  
where potential benefits a r e  high and the 
f i r e  haza rd  low. 

Chipped logging residue would have 
to  be del ivered to  highway departments  
at a cost  competitive with bark  mulch 
now a l ready  available at low cost  f r o m  
mill residues (Mater  1971). Some portable 
chippers  a r e  a l ready  in use  by highway 
departments  for  disposal of roadside brush 
and smal l  t r e e s .  

Agricul tural  Use 

Phys ica l  and chemical  proper t ies  of 
bark  make this  ma te r i a l  suitable for  
agr icu l tura l  use (Bollen 1969). T r i a l s  
have been made of bark  and other  wood 
residues used as an orchard  mulch 
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(Cruikshank 1971). Benefits to  the c rops  
would have to be determined. 
obvious high cost,  t he re  would usually be 
a nitrogen deficiency that would have t o  
be  monitored and cor rec ted ,  
residue,  some undesirable as well  a s  
des i rab le  fungi o r  other microbiota might 
be introduced. 

Besides  the 

With  logging 

The use of chipped logging residue 
worked into the soi l  as a conditioner, in 
contrast  t o  a mulch placed on the sur face ,  
is another possibili ty.  
deficiency would be more  ser ious.  
decision on th is  use will depend on the 
benefits to  farming,  not the benefits of 
residue reduct ion. 
have given only brief consideration to  th is  
use of wood residues.  So fa r ,  it appears  
impract ical ,  par t icular ly f r o m  the cost  
standpoint (McGauhey 1971). 

He re  the nitrogen 
Any 

Agricul tural  s cienti  st s 

Chipped logging res idue  could be 
explored for  long- te rm soi l  building in 
excessively sandy o r  clay-type soi ls  
lacking organic  mat te r ,  not as a commer-  
cial  p rac t ice  but a s  pa r t  of a public effort 
t o  r ec l a im  land not now suited to  agricul-  
t u r a l  use. 
where i r r igat ion development of d e s e r t  
land needs supplemental application of 
organic  mat te r  t o  the soil. 
hand, a s impler  plowed-under cover c rop  
could probably do a s  well  at much l e s s  
cost .  

This  could apply to situations 

On the  other 

F o r e s t  Use 

Scat ter ing chipped logging residue 
back on the logging a r e a s  would help 
recycle  nutr ients  and prevent so i l  erosion,  
could cause nitrogen deficiency, and on 
s teep  ground would be extremely costly, 
i f  not physically impossible.  
spreading were  res t r ic ted  to  what could 
be reached along existing roads o r  spu r s  
it might be physically o r  silviculturally 
feasible ,  but still ve ry  costly in collecting 

If the 

and handling. Roadside chipping of slash 
f r o m  part ial  cutting o r  right-of-way cutting 
h a s  been t r ied ,  but th is  method was found 
to be approximately 12  t imes  m o r e  costly 
than s l a sh  burning (National Industrial  
Pollution Control Council 1971). In addi- 
tion, scat ter ing chipped logging residue 
on the logging s i t e  and along roads would 
usually i nc rease  the f i r e  hazard .  

Where roadside haza rd  is high, a 
protective s t r i p  adjacent t o  the road might 
be  excluded with chips placed only beyond 
this  s t r ip .  
secondary roads,  a protective s t r i p  might 
not be necessary .  

On lit t le-used spur  roads o r  

Our conclusions a r e  intended to  high- 
light the cur ren t  situation and to  bring the 
various aspec ts  of the residue problem into 
focus: 

1.  Increasing public t r ave l  in the 
fores t  and increasing public concern for  
the environment make f o r m e r  levels  of 
logging residue and smoke f rom s l a sh  
burning m o r e  and more  objectionable. 
Realistically,  logging residue and s l a sh  
burning can be reduced but not eliminated. 
Pe rhaps  the public would accept  these 
things more  readily i f  given a bet ter  
understanding of what was being done and 
why. F r o m  a conservation standpoint, 
utilization of logging residue is p re fe r r ed  
over  t rea tment  o r  disposal  methods. 

Logging residue i s  lower in value 
and much m o r e  costly to  handle than sound 
mater ia l  with which it competes .  However, 
in the long run, as marke t  forces  gradually 
increase  the total s ize of the marke t  and 
as the stumpage cost  of sound logs increase  
the re  will  be a gradual i nc rease  in utiliza- 
tion of the type of mater ial  that is now 
logging residue.  
be provided through improved sa les  
a r rangements ,  ma te r i a l s  handling, and 

2. 

Any incentives that can 



utilization p r o c e s s e s  can speed adjustment 
to  a changing marke t .  

logging res idue is often the  highest cos t  
source  of raw m a t e r i a l  and tends  to  b e a r  
the  g rea tes t  impact  result ing f r o m  fluc- 
tuations in demand. In some ins tances ,  
however,  its low stumpage cost  may offset 
higher logging costs .  

a r rangements  such as lump- s u m  pricing,  
required removal,  and elimination of road 
maintenance charge s fo r r e  s idue - type 
m a t e r i a l  can encourage inc reased  logging 
utilization, but t h e r e  is no universal  solu- 
tion, and a broad range of a l ternat ives  is 
des i rable .  

5. Despite its high cost ,  YUM yarding 
may somet imes  be  the  only res idue reduc-  
tion m e a s u r e  available to  the land manager .  
It has been a n  effective land management 
m e a s u r e ,  especially in reducing res idue 
and slash burning. However, it may  not 
be des i rab le  on s teep,  f ragi le  soi ls  o r  
where  landing space is l imited.  

Increas ing demand for  wood and 
the  need to  reduce res idues  h a s  brought 
development of specialized log handling 
equipment, sor t ing y a r d s ,  and chip mills 
to  handle the  lower grade mate r ia l .  As  
these  become m o r e  common, the utiliza- 
t ion of res idues  will work its way m o r e  
and m o r e  into the  permanent  indust r ia l  
and market ing s t ruc tu re  and c r e a t e  a con- 
tinuing demand for  what is now res idue.  

oriented toward l a rge- sca le  hydro,  nuclear ,  
o r  fossi l- fuel  plants f o r  economies of 
sca le  in p re fe rence  to  s m a l l e r ,  higher cos t  
generating plants that might be  based  on 
use  of wood res idues .  However, as the  
cost  of purchased energy i n c r e a s e s ,  
fores t- or iented indust r ia l  u s e r s  such as 
pulpmills a r e  finding it advantageous t o  
generate  m o r e  of t h e i r  own e lec t r i c  power, 
heat ,  and process ing s t e a m  f r o m  wood 
res idues .  Use of available wood fuel 
reduces  dependence on purchased foss i l  

3, F r o m  the  u s e r ' s  point of view, 

4. Some changes in t i m b e r  sa le  

6. 

7. The e lec t r i c  power industry is 

fuels  o r  purchased power, both of which 
may be cut off in t i m e s  of low supply, 

8. At present ,  sound wood f iber  
h a s  a higher  ma rke t  value for  pulpwood 
chips,  par t ic leboard,  o r  chip expor ts  
than as hogged fuel f o r  e l ec t r i c  power 
generation. However, when logging 
res idue is used for  these  products a 
sizable proportion of ba rk ,  rot ,  and 
other  m a t e r i a l  suitable for  hogged fuel 
will a l s o  be  produced. 

t o  utilize logging res idue will have a 
competitive edge over  those that don't, 
even though the  re tu rn  f r o m  res idue utili- 
zation i tself  is not a t t rac t ive .  

10. Publ ic  benefits f r o m  reduction 
of logging res idue and reduction of slash 
burning can justify public shar ing of the  
cos t s  of such reduction. In addition t o  
onsite benefits, these  benefits include 
the  addition t o  the  raw m a t e r i a l  base  and 
the additional employment generated.  

be  removed, nor  a r e  all res idues  neces-  
s a r i l y  objectionable. Some level  of 
res idue is generally beneficial,  depending 
on soil  and s i te  charac te r i s t i c s .  

12. Continuing studies a r e  needed 
of specific localized si tuations where a 
combination of favorable fac tors  can 
make m o r e  res idue utilization feasible. 

9. Integrated firms that find a way 

11. Not all logging res idue should 
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The mission of the PACIFIC NORTHWEST FOREST 
AND RANGE EXPERIMENT STATION is t o  provide the 
knowledge, technology, and alternatives for present and 
future protection, management, and use of forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimulates research to  facilitate and to accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and 
levels of resource management. 

3. Achieving optimum sustained resource productivity 
consistent with maintaining a high quality forest 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of the research are made 
available promptly. Project headquarters are at: 

Fairbanks, Alaska Portland, Oregon 
Juneau, Alaska Olympia, Washington 
Bend, Oregon Seattle, Washington 
Corvallis, Oregon Wenatchee, Washington 
La Grande, Oregon 

Mailing address: Pacific Northwest Forest and Range 

P.O. Box 3141 
Portland, Oregon 97208 

Experiment Station 

G P O  996-276 



The FOREST SERVICE of the U.S. Department of Agriculture is  dedicated 
to the principle of multiple use management of the Nation's forest resources 
for sustained yields of wood, water, forage, wildlife, and recreation. 
Through forestry research, cooperation with the States and private forest 
owners, and management of the National Forests and National Grasslands, it 
strives - as directed by Congress - to provide increasingly greater service to 
a growing Nation. 

The U.S. Department of Agriculture is an Equal Opportunity Employer. 
Applicants for all Department programs will be given equal consideration 
without regard to race, color, sex or national origin. 
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