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ABSTRACT 

Contemporary ha rve s t  planning sof tware  was used i n  
planning t h e  layout  of cable  logging u n i t s  f o r  a pro- 
duc t i on  s tudy  of t h e  Clearwater  Yarder i n  u p s t a t e  New 
York. Planning so f t va r e ,  inc luding  payload a n a l y s i s  
and d i g i t a l  t e r r a i n  models, allowed r e sea r che r s  t o  
i d e n t i f y  layout  and yarding problems be fo r e  t h e  experiment. 
Analys is  of proposed ground p r o f i l e s  pinpointed t he  need 
f o r  cons t ruc ted  landings,  and gu ide l i ne s  f o r  r igg ing  
ta i l  and l i f t  t r e e s ,  and helped d e f i n e  f e l l i n g  and buck- 
i ng  s t r a t e g i e s  t o  maximize payload. Considerat ions i n  
u n i t  l ayout  and yard ing  s t r a t e g y  n o t  considered by t h e  
planning sof tware a l s o  a r e  discussed.  The ha rve s t  
planning sof tware  proved a va luable  t o o l  f o r  cable  logging 
u n i t  l ayout  and design.  
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INTRODUCTION 

A logging manager f a c e s  t h e  problem of s e l e c t i n g  
among cable  logging machinery w i th  d i f f e r e n t  r a t e s  of 
product ion  and opera t ing  cos ts .  Generally,  t h e  manager 
h a s  l i t t l e ,  i f  any, production informat ion  ava i l ab l e  
t o  him o r  h e r  about new machinery en t e r i ng  t h e  merket- 
place.  Methods a v a i l a b l e  f o r  obta in ing  production and 
c o s t  in format ion  inc lude  conducting product ion  s t u d i e s  
in-house o r  r e l y i n g  on ia format ion  developed by o t h e r  
product ion  s t u d i e s  o r  tests. It is  impera t ive  t h a t  t h i s  
in format ion  be accu ra t e  and r ep re sen t a t i ve  of a machine's 
c apab i l i t y .  

Ccmputer sof tware  is used i n  planning t h e  layout of 
cable  logging u n i t s  f o r  both  p r a c t i c a l  ope ra t i ons  and 
product ion  tests (Nickerson 1980a, b). The use  of plan- 
n ing  sof tware  wi th  s p e c i f i c  input  machine c a p a b i l i t i e s  
w i l l  provide t h e  most u s e f u l  r e s u l t s  £ r an  production 
s t u d i e s ,  and maximize product ion  r a t e s  f o r  everyday opera- 
t i o n s .  I n  t h i s  paper,  we show app l i c a t i ons  of ccrmputer 
planning software t h a t  were used i n  planning t h e  layout of 
cable  logging u n i t s  f o r  a production s t udy  of t he  Clear- 
wa t e r  Yarder i n  u p s t a t e  New York. The production s tudy  
was a coopera t ive  e f f o r t  involv ing  t h e  Nor theas te rn  
Fo re s t  Experiment S t a t i on ;  The New York S t a t e  Department 
of Env i romen ta l  Conservation;  The S t a t e  Univers i ty  of 
New York, College of Env i romen ta l  Sc ience  and Fores t ry ;  
I n t e r n a t i o n a l  Paper Campany; The New York S t a t e  Energy 
Research and Development Author i ty ;  and t h e  Missoula 
Equipment Development Center .  

STUDY OBJECTIVE 

The o b j e c t i v e s  of t h i s  s tudy  were to:  (1) de ter -  
mine c o s t s  of product ion  i n  time and d o l l a r s  of t h e  Clear-  
water  Yarder ope ra t i ng  i n  v a r i m  s t and  condi t ions  and 
s i l v i c u l t u r a l  t rea tments ;  (2) determine t h e  energy con- 
sumption f o r  t h e  condi t ions  harvested;  (3) i d e n t i f y  
undes i rab le  environmental  impacts i n  t h e  use of t h i s  
system; and (4) i d e n t i f y  g u i d e l i n e s  f o r  e f f i c i e n t  opera- 
t i o n  of t h e  cable  yarding system. The o v e r a l l  binding 
o b j e c t i v e  was t h a t  t h e  s t udy  r e s u l t s  gene ra l l y  should be 
app l i c ab l e  t o  o t h e r  s t and  condi t ions  and s i l v t c u l t u r a l  
t rea tments ,  and be  r ep r e sen t a t i ve  of t h e  Clearwater ' s  
p o t e n t i a l  i n  r a t e s  of production and c o s t  f o r  a wide 
range of harves t ing  condi t ions .  

The ob j ec t i ve s  were m e t  by cab l e  logging a 20-acre 
s t and  of nor thern  hardwoods. Predominate spec i e s  included 
wh i t e  b i rch ,  maple, aspen. no r the rn  red oak, ash, and 
beech. The t e r r a i n  s i d e s l o p e s  averaged roughly 35 percent ;  
huge rocks and boulders were sca t t e r ed  about t h e  h i l l -  
s i d e .  The research  u n i t  was divided i n t o  t h r ee  types  of 
cu t :  one l i g h t l y  thinned s e c t i o n ,  one thinned heavily,  
and one c l ea r cu t .  D i r ec t i ona l  f e l l i n g  was done with cha in  
s aus  t o  f a c i l i t a t e  t he  yard ing  process. Study r e s u l t s  
w i l l  follow i n  a companion paper; our  i n t e n t  he r e  
is t o  i l l u s t r a t e  t h e  ex t ens ive  preharves t  planning con- 
ducted a t  t h e  Nor theas te rn  Fo re s t  Experiment S t a t i o n  
a t  yfgantown,  West Vi rg in i a ,  u s ing  a Eewlett-Packard 
9845- desktop computer. A l l  planning, road and landing 
cons t ruc t ion ,  and f e l l i n g  were canpleted before  t h e  
Clearwater  was moved t o  and set up on t h e  site. 

PREHARVEST PLANNING 

Canputer graphics  of t h e  Ticonderoga. New York. 
r e s ea r ch  s i t e  vere  der ived  frcrm In t e rna t i ona l  Paper 
Company's topographic maps (FLg. 1) .  C a p u t e r  so£ tware, 
PERSPECTIVE PLOT (Nickerson 1980a) and LOGGER (Nickerson 
1980b), -re used ex t ens ive ly  t o  eva lua t e  t h e  logging 
u n i t  layout and t o  p inpo in t  major v i s u a l  impacts frcm 
t h e  proposed c l ea r cu t  block. Numerous PERSPECTIVE PLOT 
s imula t ions  showed t h a t  l o c a t i n g  t h e  c l e a r cu t  block bet- 
ween t h e  heavy and l i g h t  th inning  would produce t h e  l e a s t  
v i s u a l  impact (Fig. 2). Addi t iona l  PERSPECTIVE PLOT 
s imula t ions  shoved t h a t  t h e  sky l i ne  co r r i do r  layout (Fig. 3) 
would r e s u l t  in t h e  b e s t  layout  t o  f a c i l i t a t e  yarding and 
landing  loca t ions .  

P r e h a ~ e S t  payload a n a l y s i s  v a s  conducted on candi- 
d a t e  sky l i ne  p r o f i l e s  us ing  t h e  LOGGER payload ana ly s i s  
program (Fig. 4). Numerous LOGGER runs were conducted f o r  
each proposed s k y l i n e  c o r r i d o r  u n t i l  a f e a s i b l e  s e t  was 
developed f o r  each (Fig.  5). Prel iminary p r o f i l e  a n a l y s i s  
was most usefu l  in de f in ing  landing requirements and 
payloads. The r e s u l t s  p inpoin ted  t h e  need f o r  l i f t  trees 
and t h e  des i red  r i gg ing  h e i g h t  f o r  each sky l i ne  cor r idor .  
Genera l ly ,  t he  preharves t  payload a n a l y s i s  shoved t h a t  we 
had a f e a s i b l e  logging layout  p lan ,  a t  least on paper. 

The s t e p s  fo l loved  i n  t h e  preharves t  planning e f f o r t  
were: 

(1) P ick  a p o t e n t i a l  ha rve s t  site and consider t h e  
following questions:  Can t h e  Clearva ter  Yarder 
yard logs  of t h e  approximate s i z e  t o  be yarded? 
Are markets f o r  t h e  l o g s  ava i lab le?  Is the  
t e r r a i n  extremely d i f f i c u l t  and untypical? 

(2) Flag t h e  access  s p u r  road i n t o  t he  uni t .  

(3)  Obtain b e s t  a v a i l a b l e  topographic map of general  
a r e a  (u sua l l y  15000:l). Layout prel iminary 
logging p l an  on paper; show road, landings.  
co r r i do r s .  Make PERSPECTIVE PLOT runs  t o  a s s e s s  
v i sua l  impact of c l e a r cu t  uni t s .  

(4) Pioneer t h e  acce s s  spu r  road and cons t ruc t  
landings. 

(5) Flag t h e  sky l i ne  co r r i do r s .  Obtain ground 
p ro f i l e s .  Flag t a i l  trees, t a i l ho ld s .  and 
l i f t  trees. I d e n t i f y  guyl ine  anchors. 

( 6 )  Analyze ground p r o f i l e s  using LOGGER t o  de ter -  
mine payload capab i l i t y .  Design f o r  approxi- 
mately 3,500 pounds (15.400 newtons) based on 
main l ine  p u l l  (Pe t e r s  and B i l l e r  1984) of t he  
Clearwater  Yarder. Run PERSPECTIVE PLOT t o  
v e r i f y  s p a t i a l  layout of sky l i ne  cor r idors .  

1/ The use  of t r ade ,  f irm, o r  corpora t ion  names i n  t h i s  
paper is f o r  t h e  informat ion  and convenience of the  reader.  
Such u se  does not  c o n s t i t u t e  an  o f f i c i a l  endorsement o r  
approval  by t he  U.S. Department of Agr icu l ture  o r  t he  
Fo re s t  Serv ice  of any product o r  s e r v i c e  t o  t he  exc lus ion  
of o the r s  t h a t  may be s u i t a b l e .  
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Figure 1. Computer graphic of the Ticonderoga s i t e .  
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Figure 2 .  Simulated clearcut block location. 
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Figure 3. Simulated skyline corridor location layout. 

PROFILE NY1+50 ( F I L E  5 )  Figure 4. Profile for Skyline 
Road Number I. 

T.P.R X COORD Y COORD SLOPE DIST % SLOPE 
1 0 500 

20 0 
2 20 500 

100 -32 
3 115 470 

25 -35 
4 139 46 1 

100 -46 
5 230 419 

100 -24 
6 327 396 

80 -27 
7 404 375 

50 -27 

I 

8 452 362 
S C A L E  (CRT) :  i l n  - lam ft 

S C R L E  L HARD COPY ) 1 1 I n - 1 a9 f c 

N Y  1 + S B  

53 



HEADSPAR HT= 35 TAILSPAR HT- 20 
HEADSPAR TERRAIN POINT = 1 TAILSPAR TERRAIN POINT = 7 
LANDING CUT<-> OR F I L L < + >  = 0 
INNER YARDING LINIT= 1 OUTER YARDING L I n I T =  7 
LOADED CARRIAGE CLEARANCE= 8 
FULL SUSPENSION REQUIRES 30 FEET OF CLEARANCE 

TERR FLYING DRAGGJNG 
PT PAYLOAD PAYLOAD TENS TENS GROUND CLRC -- 

2 0 11255 4660 N/REQ 8.0 11255 
3 0 1951 548 N/REQ 8.0 429 
4 0 1734 480 N/REQ 8.0 
5 0 2760 639 N/REQ 8.0 
6 0 2794 523 N/REQ 8.0 

::: 1 
430 

RIGGING LENGTH REQUIRED FOR SKYLINE = 535 FT 
NAINLINE LENGTH REQUIRED TO REACH T.P. 7 I S  415 FT 

YARDER AS DESCRIBED CARRIES ONLY 0 FT OF MAINLINE 

S C A L E  < CRT > : i I n - 1 PB P t  
SCALE <HARD C O P Y ) :  1 ln - 109 P t  

F i g u r e  5. Payload a n a l y s i s  of s k y l i n e  road Number 1. Condit ions:  
Headspar h e i g h t  = 35 f e e t ,  t a i l s p a r  h e i g h t  = 20 f e e t .  

W T  THE PLANNING SOFTWARE DOES NOT TELL US STUDY RESULTS 

Severa l  t r i p s  were scheduled t o  t h e  r e s e a r c h  site t o  
f i e l d - v e r i f y  t h e  proposed logging p lan .  When t h e  sky- 
l i n e  c o r r i d o r s  were f lagged ,  t h e  u n i t  was covered w i t h  a 
deep snowpack t h a t  concealed g u l l i e s  and numerous huge rocks  
and boulders  throughout t h e  u n i t .  Minimal r e a r r a n g i n g  
of t h e  s k y l i n e  c o r r i d o r s  was r e q u i r e d  t o  avoid yard ing  pro- 
blems. The s i z e  of some t r e e s  requi red  bucking t o  l o g  
l e n g t h  t o  meet y a r d e r  payload capac i ty .  F e l l e r s  were 
i n s t r u c t e d  t o  d i r e c t i o n a l  f e l l  t r e e s  butt- to-lead i n  a 
herr ingbone p a t t e r n 4 5  degrees  t o  t h e  s k y l i n e  cor r idor -  
and t o  avoid boulders.  F e l l e r s  a l s o  were i n s t r u c t e d  t o  f e l l  
s k y l i n e  c o r r i d o r s  b e f o r e  f e l l i n g  t o  lead .  Hardwood crowns 
requi red  topping and a d d i t i o n a l  bucking t o  f a c i l i t a t e  
l a t e r a l  yarding.  

The logging crew and equipment o p e r a t o r s  requi red  
t r a i n i n g  i n  s a f e t y ,  r igg ing .  cl imbing.  running t h e  yarder .  
moving t h e  s t o p ,  changing roads, w h i s t l e  s i g n a l s ,  and 
l o g  hooking techniques.  Hooking crews were encouraged t o  
v i s u a l l y  p r e s e l e c t  t h e  next  t u r n  and u s e  r o l l ( s )  t o  minimize 
and f r e e  hangups. The t r a i n e d  crew worked w e l l  i n  posi- 
t i o n i n g  t h e  c a r r i a g e  s top ,  p ick ing  t h e  next  t u r n  ahead of 
time, and us ing  r o l l  methods t o  break l o g s  away from 
hangups and t o  avoid s t a n d  damage. The p r e s e l e c t i o n  of 
l andings ,  g u y l i n e  anchors,  l i f t  t r e e s ,  and payloads reduced 
t h e  logging crew's r e s p o n s i b i l i t y .  

Large log  s i z e ,  t r a i n e d  crews, and a wel l - la id  o u t  
logging p lan  produced s u f f i c i e n t  wood t o  r e q u i r e  a swing 
machine t o  keep t h e  landing  c h u t e  f r e e  of jamming. High 
r a t e s  of production a r e  impera t ive  f o r  economical cab le  
logging.  

The d e t a i l e d  s tudy  r e s u l t s  are being summarized and 
w i l l  soon be a v a i l a b l e  t o  p o t e n t i a l  users .  We a r e  c o d i c  
t h a t  we met o u r  o b j e c t i v e s  and t h a t  t h e  product ion  r e s u l t  
w i l l  be v a l u a b l e  t o  logging  managers and p lanners  i n  
e v a l u a t i n g  whether t o  u s e  c a b l e  systems,  s p e c i f i c a l l y  the 
C l e a r v a t e r  Yarder. 

Contemporary c a b l e  p lanning  s o f t v a r e  saved much t i m ~  
and money i n  l a y i n g  o u t  t h i s  r e s e a r c h  study.  The softwa 
n o t  only helped u s  l a y  o u t  t h e  u n i t s  bu t  a l s o  provided a1 
end product  t h a t  vill be  u s e f u l  and a p p l i c a b l e .  Cable 
logging  is expensive and t ime-study r e s u l t s  should 
r e f l e c t  r a t e s  of p roduct ion  and c o s t  f o r  planned c o n d i t i ~  
We b e l i e v e  t h a t  s u b s t a n t i a l  g a i n s  i n  product ion  and over 
e f f i c i e n c y  can  be a t t a i n e d  by u s i n g  contemporary c a b l e  
logging  sof tware  i n  p lanning  r e s e a r c h  s t u d i e s .  
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P R E D I C T I N G  POST-LOGGING T E R R A I N  S T A B I L I T Y  - 
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A B S T R A C T  

A simple empirical method for developing 
probabilities for post-logging landslide frequen- 
ciea within varying terrain map units is pre- 
sented and discussed. The probabilities devel- 
oped are considered to be valid only within 
local climatic regions and only for the terrain 
types sam2led. The method is presented as an 
alternative to classical engineering approaches 
for developing slope stability maps in forested 
watersheds where detailed data on precipita- 
tion, slope hydrology, and soil physical proper- 
ties are limited, non-existent or if collected, 
are expected to be highly variable. The method 
is suitable for use by terrain mappers or soil 
surveyors who do not have a strong background in 
classical slope stability modeling. Terrain 
based stability maps can be produced which will 
provide forest managers with expected landslide 
frequencies and probabilities on a polygon by 
polygon basis. When combined with information on 
expected landslide magnitude and routing, this 
approach should facilitate more objective 
planning in mountain forests. 

Paper not received by publication date and may 
appear in the " L A T E  P A P E R *  section. 
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