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The use of cable logging t o  extract  small pieces of residue wood 
may r e s u l t  i n  low ra t e s  of production and a high cost per u n i t  of wood 
produced. However, t h e  logging manager can improve yarding product ivi ty  
and break-even i n  cable residue removal operations by using t h e  proper 
planning techniques. I n  t h i s  study, break-even zones f o r  spec i f i c  
young-growth stands were developed with da ta  from a f i e l d  study, 
break-even analysis,  and a simulation model called THIN. Results. 
suggest t h a t  logging contractors can break even by developing and, 
using residue removal guidelines for  var ious  combinations of p iece  
s izes  and slope yarding distances. Simulation a n d y s i s  was used t o  
explore t h e  effect  on production r a t e s  of  slope yarding dis tances,  
piece s i z e  dis t r ibut ions,  and numbers of pieces per acre. For t h e  
$76-per-hour machine used, t h e  r e su l t s  of break-even analysis  were 
most affected by piece s ize.  Slope d is tance  also had a strong impact- 
The number of pieces per acre had the  l e a s t  effect  on production r a t e s  
and costs .  
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Harvesting young, unmanaged s tands  c rea tes  large quan t i t i es  of wood res idue 
t h a t  could be used f o r  energy ( ~ e ~ o u x  and Adams 1983). Generally, t h i s  logging 
residue--tops and limbs, broken l ogs ,  o ld  c u l l  logs l e f t  behind from previous 
ha rves t s ,  and standing and down unmerchantable species--has been l e f t  on t h e  
s i t e  and not used. 

Recently there has been increased i n t e r e s t  i n  using logging res idue f o r  
energy t o  help diminish projected shor tages  of  wood (USDA Forest  Sefvice  1981). 
To balance t h i s  des i re  against  logging cos t ,  product values,  and landowner 
c l e a n v p  object ives  requires  a r igorous  f i nanc i a l  evaluation. The logging 
ana lys t  must be famil iar  with t h e  e f f e c t s  of s i te-specif ic  var iab les  on t h e  
cos t  of a pa r t i cu l a r  logging operat ion and with the product ivi ty  of any 
proposed residue-removal venture. 

Handling small pieces of r e s idue  o r  logs i s  a problem f o r  t he  logging 
manager. Removing small p ieces  a t  long external  yarding dis tances  genera l ly  
r e s u l t s  i n  low productivity and high c o s t ,  much of which can be a t t r i b u t e d  t o  
t he  use  of expensive cable systems t o  ex t r ac t  t h e  residue, One method f o r  
improving productivity i s  t o  use ex t e rna l  yarding distance a s  a c r i t e r i o n  f o r  
t h e  removal of residue and t o  remove only  larger  pieces of res idue i f  t h e  
yarding dis tance i s  long. However, dec isionlnakers must know which var iab les  
a f f e c t  cos t  and production.and understand how those var iables  i n t e r a c t  i f  they 
a r e  t o  determine whether- res idue removal i s  economically f e a s i b l e  f o r  a 
p a r t i c u l a r  harvesting operat ion. Decision-makers must a lso  be ab le  t o  
determine the  t o t a l  amount and minimum s i z e  of residue pieces t h a t  can be 
removed without sustaining a l o s s .  I n  t h i s  a r t i c l e ,  the e f f e c t  on production 
cos t s  of slope yarding dis tances  and piece  s i ze  d i s t r ibu t ions  i s  evaluated with 
a s imulat ion model c.alled THIN ( ~ e ~ o u x  and Butler 1981) and a break-even , 

contour i s  developed. 

~ l t h o u ~ h - t h e  spec i f ic  example used here  i s  a medium-sized cable yarder with 
a four-person crew operating i n  a co r r i do r  1,000 fee t  long and 200 f e e t  wide i n  
Pac i f i c  Norrhwest Douglas-fir th innings ,  t he  method could be used f o r  any 
cable  ha rv+ te r  removing res idue from thinnings o r  clearcut  harves t s .  
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USING .THIN TO DEVELOP PRODUCTIVITY RATES 

For skyl ine  residue yarding, the  THIN algorithm simulates the  loca t ion  and 
hooking of t h e  f i r s t  piece of residue and then t h e  process of adding p ieces  t o  
t h e  turn .  The simulation continues t o  add pieces  t o  t h e  turn  as  long as t h e  
skyl ine  payload capacity i s  no t  exceeded, adequate chokers e x i s t ,  and added 
pieces  a r e  no t  more than a specif ied dis tance from t h e  f i r s t  hooked piece  (Fig. 
1). The use r  can specify a l t e r n a t e  external  slope yarding dis tances  and 
res idue p i ece  s i ze s  as inpu ts  t o  t he  model. The algori thm can then bu i ld  tu rns  
and est imate hourly product ivi ty  r a t e s  f o r  d i f f e r e n t  slope yarding d i s tances  
and s t a t i s t i c a l  d i s t r i bu t i ons  of residue piece  s i ze s ,  

The user  should choose ca re fu l ly  the  value used a s  the  maximum d is tance  
from the  f i r s t  residue piece  hooked t o  addi t ional  p ieces;  t h i s  value i s  an 
input t o  THIN. It i s  common prac t ice  f o r  t he  hooking crew t o  p u l l  l i n e  . 
l a t e r a l l y  from the  carr iage,  hook one o r  more p ieces  of res idue ,  p u l l  l i n z  t o  
add i t iona l  p ieces  and hook them, yard the  turn  toward t he  skyl ine  road,  tiien 
s top  and add pieces  t o  complete the  turn. The length  of chokers flown can be 
one measure of the  maximum dis tance the  hooking l i n e  i s  pul led where choker 
length i s  increased s l i g h t l y  t o  reduce l i n e  pu l l ing  and e f f o r t  by t he  hooking 
crew when bui lding a turn.  

I n  t h i s  simulation, we used . a  value of 43 f e e t  f o r  t.he maximum d is tance  
t h a t  the  hooking l i n e  could b e  pulled from the  f i r s t  hooked log. This d i s tance  
should not  be  confused with t h e  maximum l a t e r a l  distance.' allowed from t h e  
skyline; it  i s  simply the  maximum dis tance allowed from t h e - f i r s t  hooked log 
(~eDoux and Butler  1981). This distance was se lec ted  a f t e r '  d e t a i l ed  
examinat ion of t u rn  d i s t r i bu t i ons  from f i e l d  s t ud i e s  of - res idue  yarding (LeDoux 
1983, LeDoux and Adams 1983). The user  can explore t h e  cos t s  and b e n e f i t s  of 
o ther  d i s tances  simply by running addi t ional  simulations , 

Data from a f i e l d  t e s t  ( ~ e ~ o u x  and Adams 1983) conducted i n  a young stand 
were used i n  this study t o  i l l u s t r a t e  the  e f f e c t s  of a l t e r n a t e  slope yarding 
dis tances  and piece  s ize  d i s t r i bu t i ons  on hourly production r a t e s  and cos t s .  
The simulation model was then employed t o  evaluate t h e  e f f e c t s  of each var iab le  
on yarding product ivi ty ,  by allowing t ha t  va r iab le  t o  change i n  value  while 
holding t h e  remaining var iab les  constant. 

e 

Slope yarding distance 

Generally, t he  f a r t he r  out  on the  slope' one goes t o  hook t u rns  of res idue,  
t h e  lower t h e  hourly product ivi ty  r a t e  and the  h igher  the  cost  pe r  u n i t .  Table 
1 shows t h e  e f f e c t s  of changes i n  slope yarding dis tance and average p iece  s i ze  
on hourly production r a t e s .  I n  a l l  cases,  hourly product ivi ty  drops 
s i g n i f i c a n t l y  a s  one goes f a r t h e r  out on the  s lope.  For example, i f  p iece  s i ze  
averages 6.0 cubic f e e t  and slope yarding dis tance i s  350 f e e t ,  t he  
p roduc t iv i ty  r a t e  i s  273.82 cubic f e e t  per  hour. 



Residue p i ece  s i z e  and d i s t r i bu t i on  

Generally, removing la rger  pieces improves p roduc t iv i ty  and reduces c o s t s  . 
For example, i f  w e  a r e  yarding res idue t o  d i s tances  of 650 f e e t  and t h e  average 
piece s i z e  is 6.0 cubic f e e t ,  the  hourly production r a t e  i s  215.09 cubic f e e t .  
I f  slope d i s t ance  remains unchanged but  average p i ece  s i z e  increases t o  12 
cubic f e e t ,  t h e  hour ly  production r a t e  increases  by 89 percent, from 215.09 t o  
405.95 cubic  f e e t  (Table 1 ) .  

Table 2 shows t he  e f f e c t  on hourly production r a t e s  of changes i n  t h e  
number .of p i e c e s  of  res idue  per  acre i n  average p iece  s ize .  Generally, t h e  
e f f e c t  of p i e c e s  pe r  ac re  on yarding production i s  l e s s  than the  e f f e c t  of 
changes i n  s lope  yarding dis tance  o r  average piece  s i z e .  For example, consider 
the  hourly production r a t e s  when piece  s i z e  .averages 6.0 cubic f e e t  and t h e r e  . 

a r e  100 p i ece s  p e r  a c r e  and 400 pieces p e r  .acre.  The hourly product ion, ra tes  
a r e  247.38 and 266.12 cubic f e e t ,  res ,pect ively ,  an 8-percent  increase.  - '  In  
con t r a s t ,  yarding p i e c e s - t h a t  average 16.0 cubic f e e t  a t  the  same 100 and 400 
pieces  per a c r e  r e s u l t s  i n  only a 6-percent increase ,  from 582.41 t o  619.72 
cubic f e e t  p e r  hour. 

. . - 

BREAK-EVEN ANALYSIS 

The break-even ana lys i s  does not  consider move-in and -out o r  r ig -up  and 
-down cos t s ,  bu t  focuses only on yarding c o s t s  and product iv i ty .  The ana ly s i s  
i s  based on t h e  assumption t h a t  t he  hourly operat ing cos t  of the  medium-size 
yarding machine and four-person crew i s  $76 and t h a t  t h e  residue i s  sold f o r  
$35 per cord a t  t h e  roadside a s  stacked firewood. The data  i n  Table 1 a r e  
rearranged and shown i n  Figure 2. The ob jec t ive  i s  t o  f i nd  the maximum slope 
yarding d i s t ance  f o r  removal of res idue of a given s i z e  a t  which market value 
and ex t r ac t i on  c o s t s  o f f s e t  each other  and t h e  operat ion breaks even. 

The ho r i zon t a l  l i n e  t h a t  indicates  t h e  $35-per-cord market value shows 
these  combinations of average piece s i z e  and slope yarding distance.  For 
example, a t  product ion cos t s  of '$0.27 per  cubic foo t  a logger could afford  t o  
yard 6.0-cubic-foot p ieces  no f a r t he r  than 285 f e e t ,  and 8.0 cubic-foot p ieces  
no f a r t h e r  t han  571 f e e t .  Although firewood products and p r ices  a r e  used i n  
t h i s  example, s im i l a r  analyses could be conducted f o r  any product o r  pr ice .  

The da t a  shown i n  Figure 2 can be rearranged t o  show t h e  range of average 
piece  s i z e s  and s lope  yarding distances t h a t  would r e s u l t  i n  a break-even 
operation a t  each s lope  yarding dis tance  shown ( ~ i g .  3). The cross-hatched 
area  shows t h e  zone of economic p r o f i t a b i l i t y ,  while t h e  unshaded a r ea  below 
the  break-even line shows the area  of economic l o s s .  

The f i e l d  manager and logging crew may f ind  it d i f f i c u l t  to' analyze f i gu re s  
such a s  those  developed above i n  t he  f i e l d ;  therefore ,  t he  next sect ion 
describes how the  da t a  and r e s u l t s  can be fu r t he r  rearranged f o r  p r a c t i c a l  
appl ica t ions .  



For a logging operation i n  a t y p i c a l  rectangular skyl ine  cor r idor  whose 
s lope d i s tance  i s  1,000 f e e t  and l a t e r a l  d is tance i s  200 f e e t ,  t he  condit ions 
we simulated, and a market p r i c e  of $35 per  stacked cord, t h e  crew would be 
ins t ruc ted  t o  hook pieces  5.2 cubic f e e t  and la rger  i f  the  slope yarding 
d i s tance  i s  0 t o  200 f e e t ,  6.2 cubic f e e t  and la rger  i n  t h e  200- t o  600-foot 
range, and only pieces 9.0 cubic f e e t  o r  l a rger  from 600 f e e t  on. This policy 
would r e s u l t  i n  t he  operation breaking even, and hooking pieces  l a rge r  than the  
minimums specif ied by zone would c l e a r l y  r e s u l t  i n  prof  i t .  

Note t h a t  Figure 3 suggests t h a t  one should hook, f o r  example, 
8.0-cubic-foot pieces a t  a  slope yarding dis tance of 600 f ee t ;  t h i s  holds t r ue  
i f  s lope yarding dis tance i s  broken down in to  the  100-foot-long shor t  hauls  
shown on t h e  x-axis of Figure 3. However, remember t h a t  our p r a c t i c a l  
app l ica t ion  assumes t h a t  t h e  logger w i l l  dea l  with a slope yarding range of 
600+ f e e t  when he is  matching piece  s i z e  t o  slope yarding d i s tance .  Thus the  
s i ze  of t he  piece  t o  be hooked should allow the  operation t o  break even 
throughout t h e  en t i r e  600+-foot range, r a t h e r  than within each of t he  shor te r  
hauls  t h a t  make up the  t o t a l  s lope yarding distance,  

Admittedly, it may be d i f f i c u l t  f o r  hooking crew members t o  determine 
r ap id ly  whether a given p iece  contains 5.2 cubic f e e t ,  6.2 cubic f e e t ,  o r  
whatever t he  desired s i z e  might be f o r  a given slope yarding range. However, , 

given t h e  desired volume of a p iece ,  one can e a s i l y  develop a matrix of  
mid-diameters and lengths t h a t  would yie ld  the  desired s i z e  ( ~ i g .  4). A piece 
whose mid-diameter and length  f a l l s  on o r  below the  s t a i r s t e p  l i n e  ( t h a t  i s ,  i n  
t h e  shaded a rea)  would be of t h e  desired s i z e  and should be hooked. Similar  
matrices could be developed f o r  a l t e r n a t e  desired piece s i ze s .  I dea l l y ,  the  
break-even analysis  would be done before t he  ac tua l  logging operat  ion. Clearly 
t he  method would not work very e f f i c i e n t l y  if the crew had t o  develop t h e  
break-even contours while logging, 

CONSIDERATIONS FOR MANAGERS 

Regional planners o r  f o r e s t  managers may wish t o  develop break-even residue 
removal po l i c i e s  on a4 la rger  s ca l e  f o r  wider appl icat ion.  Accordingly, the  
example da t a  developed above could be arranged to  develop contours,  such as  
those s h o w  i n  Figure 5, of zones where residue removal operat ions  should break 
even. ~ b c h -  contours could be used by loggers, s i l v i c u l t u r i s t s  , wi-ldlif e  and 
f i s h e r i e s  b io log is t s ,  and o thers  involved i n  fo r e s t  management who wish t o  
v i s u a l i z e  and evaluate t he  impact of a l t e rna t e  residue removal p o l i c i e s .  The 
contours shown in  Figure 5 consider only logging cos t s  and firewood market 
values,  bu t  other concerns could e a s i l y  be integrated i n to  such an approach. 
Similar  analyses could be developed f o r  o ther  yarders, crew s i z e s ,  o r  log s i ze  
d i s t r i b u t i o n s .  Break-even contours should be developed s i t e  by s i t e  o r  case 
by case t o  be most accurate and e f fec t ive ,  

The method of break-even ana lys i s  presented i n  t h i s  paper w i l l  no t  answer 
a l l  questions about residue removal, but i t  can aid decision makers i n  t h e  
f i n a n c i a l  evaluation of ways t o  remove residue from harvested stands.  
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3 Table 1. -- Hourly production r a t e  ( i n  ft ) as affected by changes 
i n  average piece s i ze  and slope yarding distance. 

Average piece s i ze  (ft3) 
Slope distancea 

(ft. 2.0 4.0 6.0 8.0 10.0 12.0 16. o 

a Skyline corr.idorris 1,000 f e e t  long and 200 fee t  wide. 

, 



Table 2.--Hourly production r a t e  (in f t 3 )  as affected by changes i n  average 
piece s i z e  and number of pieces per. acre. 

a 
Average piece s i ze  ( f t3)  

Pieces per acre 2.0 4.0 6.0 8. o 10.0 12.0 16.0 

?Skyline corridor i s  1,000 f e e t  long and 200 f e e t  wide. ' 



/ YARDING ROUTINE 

(SINGLE-STAGE YMSIMG ONLY) 

I 

KITIALIZE VARlABLSS. 

1 
DETERMINE THE CLOSEST ROW TO LANDIEG, SAY ROW C, 

LTHICH STILL COSTAINS AT LEAST OSE PIECE TO BE YARDED. 
SEARCX ROWS C, ,.. , C+k* TO FIND THE PIECE CLOSEST 
TO THE LAh?)ING, FLAG THIS PIECE AS YARDED AND PUT 

I T  I N  CURREhT TUL! OF PIECES, 

S W C H  ROWS C, .., , C+k TO DETERMINE CLOSEST PIECE TO 
FIRST-HOOKED PIECE, CONSIDERIKG ONLY PIECES WIIICH: 
1. LIE ON TKE S M  SIDE OF THF, CUTIItGG UXIT AS 

THE FIRST-HOOKED PIECE; 1 2. c,vq BE HOOKED .(ADDED m HOOKED PIECES) I - -  
WITHOLT EXCEEDIHC THE SYSTZY PAYLOAD: 1 3. L I E  VXTHIW A DISTANCE d* OF THE FIRST-HOOlZD 

I PIECE, I 

> 

ADp TO CURREIT Yes 
T.URN OF PIECES. 
FLAG AS YARDED, 

COMPUTE TURN TIME V I A  REGKESSION 
EQUATION, UPDATE PRODUCTION STAT1 STICS 4, 

WITH DATA ON CURRENT TURN, 

Yes 

Figure 1. --Flowchart of THIN ' s simulated yarding routine (be~oux  and Butler 1981) - 
318 





LOSS REGION 

SLOPE YARDING DISTANCE(ft ) 

Figure  3.--Simulated economic r e g i o n s  and break-even l i n e  f o r  
c a b l e  yarding of r e s idue  t h a t  i s  s o l d  f o r  $35 per  s tacked cord. 
Cross-hatched a rea  shows combination of average p iece  s i z e  and 
s l o p e  yard ing  d i s t ance  t h a t  a r e  economically f e a s i b l e  and y i e l d  
a  p r o f i t  wi th in  each s lope ya rd ing  d i s t a n c e  shown; l i n e  shows 
s i z e / d i s t a n c e  combinations t h a t  a l l o w  break-even opera t ion ,  and 
unshaded a rea  (below l i n e )  shows s i z e / d i s t a n c e  combinations t h a t  
y i e l d  l o s s .  Skyline c o r r i d o r  i s  1,000 f e e t  long and 200 f e e t  wide. 



Volume of piece = 9.0 f t  3 

Volume = C L 

WHERE: 

C = Basal area a t  piece's  cen ter  

= 0.005454154 D' 

ID = Diameter a t  piece's  center  

= Diameter of piece 's  large end + diameter of piece's  small end 
2 

L = Length of piece (in feet)  

LENGTH ( f t )  

4 5 6 . 8 10 12 14 16 , 18 20 
10 I I I 

I 1 t t 1 1 1 

Figure 4.--Matrix of mid-diameters and leng ths  fo r  res idue  pieces 
of a t  l e a s t  9.0 cubic feet .  Piece i s  9 .0  cubic f e e t  or  l a r g e r  if 
i t s  mid-diameter and length f a l l  on or  below the s t a i r s t e p  l i n e .  



Figure 5'--Simulated contours of break-even residue removal zones for a typical skyline 
logging unit. Skyline corridor is 200 feet wide. In Zone 1, operator could break even 
removing residue pieces 5.2 cubic feet; in Zone 2, 6..2 cubic feet; and in Zone 3, 
9'0 cubic feet. 
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