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PREFACE

FERIC’s eva lua t ions  a r e  des igned  to  a s s i s t  future  users  i n  app ra i s ing  the
current s ta tus  and prospec t ive  va lue  o f  spec i f i c  equ ipmen t .  Th i s  r epo r t
desc r ibes  a f i e ld  s tudy  o f  the  technical  and operat ing cha rac t e r i s t i c s  of
the Bracke Badger patch s ca r i f i e r .  B io log ica l  s tud ies  a r e  ou t s ide  FERIC ' s
manda te  w i th in  t he  p rog ram o f  mechan iza t i on  o f  s i l v i cu l tu r e .  The
ef fec t iveness  of a treatment i s  measured aga ins t  the p re sc r ip t i on  p rov ided
by the  co -ope ra t i ng  fo re s t e r ,  i ndus t ry  o r  gove rnmen t .  Longe r - t e rm
bio log ica l  evaluations may be included in  co -ope ra t i ve  s tud i e s  w i th  o the r
agencies  .

The mach ine  was the  sub j ec t  o f  bo th  sho r t - t e rm  and  long - t e rm s tud i e s .
Shor t - t e rm  eva lua t ions  desc r ibe  po ten t i a l  p roduc t iv i ty  under measured, but
l imi t ed ,  opera t ing  and environmental cond i t i ons .  S ince  bo th  t he  r ange  o f
cond i t i ons  and the per iod  of  observat ion were l im i t ed ,  t h i s  s tudy  cannot be
expec t ed  t o  p red i c t  pe r fo rmance  unde r  a l l  c i r cums tances .  The r e su l t s
p re sen t ed  i n  t h i s  r epo r t  should be cons idered  on ly  as a guide  t o  r ea l i s t i c
expec t a t i ons  o f  mach ine  pe r fo rmance .  The longe r - t e rm s tudy  g ives
information on  long-term p roduc t iv i t y ,  mechanical  ava i l ab i l i t y  and causes  of
downtime.

De ta i l s  of  s tudy procedures  and ana lys i s ,  p lus  resu l t s  of l im i t ed  i n t e r e s t ,
have been omi t t ed  for sake  of  b r ev i ty .  Further de t a i l s  of the s tudy wi l l  be
supp l i ed  upon r eques t .

Al l  quan t i t a t i ve  da t a  t h roughou t  t he  r epo r t  a r e  g iven  in  "S I "  (Sys t ème
In t e rna t iona l  d ’Un i t é s )  un i t s .  A tab le  for convers ion t o  Imper i a l  un i t s  i s
provided in  Appendix D.

Gra t e fu l  app rec i a t ion  for he lp  and cooperat ion dur ing the s tudy  i s  extended
to  Roman Orynik of  P r ince  Alber t  Pulpwood, Rahman Al i  of Ab-iti b i  -P r ice  Inc . ,
and Herb Bax of  KBM Fores t ry  Consul tants  Inc .

Technical  ass is tance  was provided by FERIC employee E .  Vajda.
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SUMMARY

Bracke  pa t ch  s ca r i f i e r s  o f  t he  2-row Cu l t iva to r  model were f i r s t  bu i l t  i n
Sweden in  1 968 and have been in  u se  i n  Canada s ince  t he  ea r ly  70 ' s .  The
Bracke Badger incorpora tes  most of the des ign  fea tures  of the Cu l t i va to r  but
has greater  ve r sa t i l i t y  because of the ab i l i t y  t o  va ry  t he  number of  rows
and the spac ing  between rows.

The purpose of  the s tudy  was t o  eva lua t e  t he  Badger i n  t he  3- row wi th  2-
met re  spac ing  con f igu ra t ion  t o  de termine  any advantages or d isadvantages  the
Badger may o f fe r  over the Cu l t i va to r ,  p r imar i l y  i n  t e rms  of  p roduc t ion  and
cos t  pe r  hec t a r e .  I n  other words,  i s  the po t en t i a l  50$ p roduc t ion  inc rease
of  a 3~now sca r i f i e r  ob t a inab l e ,  and  i s  t h i s  enough to  o f f s e t  t he  h ighe r
cap i t a l  and ope ra t i ng  cos t s  of the larger  prime mover that i s  r equ i r ed?

One s tudy  cons i s t ed  o f  a 2-week sho r t - t e rm  eva lua t ion  t o  a s se s s  t he
p roduc t iv i t y  and  pe r fo rmance  o f  t he  Badger unde r  measu red  bu t  l im i t ed
cutover cond i t i ons .  A sh i f t - l eve l  s tudy  was made on ope ra t ions  i n  1982 and
1 983 to  de t e rmine  l onge r - t e rm p roduc t iv i t y ,  mechanical  ava i l ab i l i t y ,  and
u t i l i z a t i on .  Both of  these  s tud i e s  were done wi th  the p ro to type  model and
pe r fo rmed  on  P r ince  A lbe r t  Pu lpwood ' s  l im i t s  no r th  o f  P r ince  A lbe r t ,
Saskatchewan. As we l l ,  a shor t  s tudy  was made to  examine the Badger i n  a 3~
row con f igu ra t i on  w i th  1 -met re  spac ing  on Domtar ' s  Red Rock FMA l imi t s  nor th
of  Nipigon,  On ta r io .  In  1984, a long- term eva lua t ion  o f  a new Badger  was
done at the r eques t  of Ab i t i b i -P r i ce  at t he i r  White River  ope ra t i on .

The Badger demonstrated high p roduc t iv i t y  i n  the shor t - te rm s tudy ,  averag ing
2 .2  and  1 .8  hec t a r e s  pe r  P roduc t ive  Machine  Hour (PMH) for the two t e s t
s i t e s .  The C.P.P .A.  t e r r a in  c l a s s i f i ca t i on  for the two s i t e s  was 1 .1 .1 .  and
1 .2 .1 .  and  thus ,  the areas were genera l ly  ea sy  t o  t r ea t  w i th  few r e s idua l s .
The h igh  p roduc t iv i t y  can  be a t t r i bu t ed  t o  a combina t ion  o f  sk i l l ed
ope ra to r ,  f a s t  ave rage  fo rward  speed ,  concen t r i c - c i r c l e  t reatment  pa t te rn
and a 3~row machine.

The mine ra l  so i l  a r ea  pe r  pa t ch  was l a rge ,  ave rag ing  62 and  50 dm 2 and
y ie ld ing  a "g ros s "  minera l  so i l  exposure of 13  and  11% fo r  t he  two s i t e s ,
r e spec t ive ly .  The rows of patches  appeared as  an almost  cont inuous  exposure
of minera l  so i l  because of the 15 - too th  gea r ,  l i gh t  s l a sh  cond i t i ons  and
th in  o rgan ic  l aye r .

In  the long- term s tud i e s ,  the mechanical  ava i l ab i l i t y  of  the Badger was 79%
and  84% fo r  t he  P r ince  A lbe r t  and  Whi t e  R ive r  s t ud i e s .  Mechan ica l
ava i l ab i l i t y  o f  t he  Badger shou ld  be s l i gh t ly  l ower  t han  the  Bracke
Cu l t i va to r  because of  the add i t i ona l  machine frame and more complex mounting
system on the extended drawbar .
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The main  advan tage  o f  the Badger i s  i t s  ve r sa t i l i t y .  The s ca r i f i e r  can be
matched wi th  var ious  s i l v i cu l tu r a l  p resc r ip t ions  and s i t e s .  The Badger can
be used  fo r  subsequen t  p l an t ing ,  d i r ec t  s eed ing  and natural  regenera t ion
because  o f  t he  ab i l i t y  t o  va ry  spac ing  and  the  number  o f  rows .  The
sca r i f i e r  can be further adapted t o  var ious  s i t e s  and s lash  l oad ings ,  and to
produce more or fewer patches by changing the  gea r ing  on  the  i n t e rmed ia t e
sprocket  and by mod i f i ca t i ons  to  reduce s l ippage  of the rubber t i r e s .

The Badger w i l l  incur  higher  hourly cos t s  p r imar i ly  because  o f  the  cap i t a l
cos t  of  t he  l a rge r  prime mover. Companies, such as Pr ince  Alber t  Pulpwood
that a l ready possess  a larger  prime mover, c an  t ake  economic- advan tage  o f
the add i t i ona l  power by u s ing  the Badger and increas ing  p roduc t iv i t y  over 2-
row sca r i f i e r s .  Cos t s  on a pe r  hec t a r e  bas i s  can  be l ower ,  s imi l a r  or
h ighe r  w i th  t he  Badger ove r  t he  BrScke Cu l t i va to r  depend ing  upon the
p roduc t iv i t y  d i f f e r ence  and the number of hou r s  and  use s  t ha t  can  be made
wi th  the prime movers.

A 3-row sca r i f i e r  w i l l  offer a t heore t i ca l  p roduc t iv i t y  increase  of 50$ over
a 2- row model .  Whether t h i s  can be achieved wi l l  depend p r imar i l y  upon the
forward speed .  On a 3 - row machine ,  t he  ope ra to r  may pe rce ive  t ha t  he i s
more p roduc t ive  and  have  a t endency  to  s low  down, t he reby  nega t ing  any
poten t ia l  p roduc t iv i t y  i nc rea se .  With t h i s  i n  mind ,  i t  shou ld  be po in t ed
ou t  t ha t  t r ave l  speed  i s  con t ro l l ed  no t  on ly  by t he  d rawbar  pu l l
requirements  of the s ca r i f i e r  and the ava i lab le  power of the prime mover but
a l so  by f ac to r s  such  as  ground condi t ions  and s lope .  Moreover, the ground
roughness i s  impor tan t  because  i t  a f f ec t s  t he  r i de  o f  the  ope ra to r ,  who
then  ad jus t s  t he  speed  to  an acceptable  comfort l eve l .  What should  not  be
ove r looked ,  a s  i t  i s  o f  ma jo r  impor t ance ,  i s  t ha t  t he  qua l i t y  o f  t he
mic ros i t e  i s  a f f ec t ed  by sca r i fy ing  speed .  Therefore ,  there  a re  l im i t s  to
the t ravel  speed which can be accepted  when one cons ide r s  t he  ob j ec t i ve  o f
the  optimum p roduc t ion  o f  qua l i t y  mic ros i t e s .  The Badger can o f f e r  a
p roduc t iv i t y  increase  wh i l e  t r ave l l i ng  a t  the optimum travel speed p rov id ing
improved  sca r i f i e r  e f f ec t i venes s  and operator  comfort compared to  a 2-row
machine.
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INTRODUCTION

Brâcke  pa t ch  s ca r i f i e r s  o f  t he  2-row Cul t iva to r  model were f i r s t  bu i l t  i n
Sweden in  1968 and have been in  u se  i n  Canada s ince  t he  ea r ly  70 ' s .  The
Bracke Badger incorporates  most of the des ign  fea tures  of the Cu l t i va to r  but
has greater ve r sa t i l i t y  because of  the ab i l i t y  t o  va ry  t he  number o f  rows
and the spac ing  between rows .

The purpose of  the s tudy  was to  eva lua t e  t he  Badger  i n  t he  3 _ row wi th  2 -
met re  spac ing  conf igura t ion  t o  de termine  any advantages  or d i sadvantages  the
Badger may of fe r  over the Cu l t i va to r ,  p r imar i l y  i n  t e rms  of  p roduc t ion  and
cos t  pe r  hec t a r e .  I n  other  words,  i s  the po ten t ia l  50% produc t ion  inc rease
of  a 3 _ row sca r i f i e r  ob t a inab l e ,  and  i s  t h i s  enough to  o f f s e t  t he  h ighe r
cap i t a l  and ope ra t i ng  cos t s  of the larger  prime mover that  i s  r equ i r ed?

One s tudy  cons i s t ed  o f  a 2-week sho r t - t e rm  eva lua t ion  t o  a s se s s  t he
p roduc t iv i t y  and  pe r fo rmance  o f  t he  Badger unde r  measu red  bu t  l im i t ed
cutover cond i t i ons .  A sh i f t - l eve l  s tudy was made on opera t ions  i n  1982 and
1983 to  de t e rmine  l onge r - t e rm p roduc t iv ty ,  mechan ica l  ava i l ab i l i t y ,  and
u t i l i z a t i on .  Both  o f  t he se  s tud i e s  were  pe r fo rmed  on  P r ince  A lbe r t
Pu lpwood’ s  l im i t s  no r th  o f  P r ince  A lbe r t ,  Saskatchewan. As we l l ,  a short
s tudy  was made to  examine the Badger i n  a 3-row con f igu ra t i on  w i th  1 -me t r e
spac ing  on Domtar’s Red Rock FMA l imi t s  north of  Nipigon,  On ta r io .  I n  1984,
a long- term eva lua t ion  of  a new Badger was done at the r eques t  o f  Ab i t i b i -
P r i ce  a t  t he i r  White River  ope ra t i on .
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MACHINE DESCRIPTION

The Brâcke  Badger i s  s imi l a r  t o  the Brâcke Cul t iva to r  i n  both  conf igura t ion
and mode of  ope ra t i on .  However, the Badger has a mod i f i ed  d rawbar  fo r  t he
mounting of the s ca r i fy ing  machine f r ames .  Trunnions ,  spaced at 0 .93  met res
ac ros s  the  d rawbar ,  pe rmi t  t he  fo l l owing  number  o f  row and  spac ing
combina t ions :  5 rows - 1 me t r e ,  3 rows - 1 me t r e ,  3 rows - 2 me t r e ,  2 rows
- 2 me t r e ,  2 rows - 4 me t r e .

TOWBAR

Figure  1 .  Schema t i c  o f  t he
Brâcke  Badger  i n  3
rows  and  2 -me t r e
spac ing  conf igura-
t i on .  D imens ions
are i n  mi l l ime t r e s .

DRAWBAR

TIRE

MACHINE
FRAME

MATTOCK
WHEEL

Figure  2 .  Brâcke Badger pu l led  by a Timberjack 550.
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In  t he  3 rows  - 1 me t r e ,  and  2 rows  - 2 me t r e  spac ing  combina t ions ,  t he
ex t ens ion  arms ( s ee  F igu re  3)  a r e  removed f rom the d rawbar  t o  g ive  a t o t a l
w id th  o f  2 .36  me t r e s .  The  o the r  combina t ions  a r e  mounted  on  the  drawbar
wi th  t he  bo l t -on  w ings  g iv ing  a t o t a l  w id th  o f  4 .40  me t r e s .  F igu re s  1 and  2
show the  Badge r  w i th  3 rows  and  a 2 -me t r e  spac ing .  The Badger i s  l onge r
than  the  Cu l t i va to r  owing to  the  more  complex  moun t ing  sys t em be tween  the
mach ine  f r ames  and  d rawbar .  The we igh t s  of  the Badger (3  rows  - 2. me t r e )
and  Cu l t i va to r  a r e  3640 kg and  3200 kg r e spec t ive ly .

Each  mach ine  f r ame  cons i s t s  o f  a r ubbe r  t i r e  and  ma t tock  whee l  s ca lp ing
mechan i sm.  A cha in  d r ive  t h rough  an  i n t e rmed ia t e  gea rbox  f rom the  t i r e
ro t a t e s  t he  ma t tock  whee l  bu t  a t  a s l ower  r a t e  t o  c r ea t e  t he  s e r i e s  of
sca r i f i ed  pa t ches .  The  fou r  pa i r s  o f  t i ne s  on  t he  ma t tock  whee l  a r e
equ ipped  wi th  r ep l aceab le  s ca r i fy ing  t ee th ,  a s  opposed  to  the  we lded  c l aw
and too th  sys t em o f  o lde r  mode l s  of  Brâcke  Cu l t i va to r s  (F igu re  3)  •

F igu re  3 . Main f ea tu re s  o f the Brâcke  Badge r :
A. Gene ra l  v iew of Badger
B. Bo l t -on  ex t ens ion  a rms
C . Moun t ing  t runn ions  on the  drawbar  f r ame
D. Rep laceab le  t ee th
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The Badger i s  a t t a ched  to  t he  p r ime  mover v i a  a 'B râcke '  t ype  qu i ck
d i sconnec t  h i t ch .  Th i s  a l l ows  the  Badger t o  be r e l ea sed  from the prime
mover by f r ee - spoo l ing  the winch.  The un i t  can then be winched in  af ter  the
prime mover has climbed a s t eep  s lope  or passed over  a so f t  a r ea .

The mattock wheels can be r a i s ed  from the ground so  that the Badger r i de s  on
i t s  own whee l s  fo r  t r anspo r t  between s i t e s .  The tow cha in  i s  pu l l ed  from
the towbar and connected t o  a cha in  and pu l l ey  system to  reach  each l i f t bow.
In  con t r a s t  t o  t he  Cu l t i va to r ,  t he  l i f t bows  a r e  mounted on  the  machine
frames rather than on par t  of the drawbar f r ame .

Pivot  po in t s  that connect  the major components of the Badger a l low each par t
t o  move independent ly  bo th  hor i zon ta l ly  and ve r t i ca l l y .  The ma t tock  whee l s
can  p ivo t  ove r  or  s l i de  s ideways when pass ing  an obs t ac l e .  The t i r e  sp in s
to  t ake  up the shock of s t r i k ing  an obs t ac l e .  As we l l ,  some of the shock i s
t aken  by the  sk idde r ' s  ma in l ine  rather  than being t ransmi t ted  d i r ec t l y  t o
the h i t ch  and prime mover.

The pa t ch  l eng th  and  a long - row spac ing  and thus ,  the subsequent  number of
patches per hec ta re  can be changed to  adapt t o  d i f f e r en t  s i t e  cond i t i ons .
Four pa i r s  o f  ma t tock  t i ne s  a re  s t andard  but a 5 -pa i r  mattock wheel can be
used to  decrease  the patch l eng th  and  inc rease  t he  number o f  pa t ches  pe r
hec t a r e .  Sh i f t i ng  the  d r ive  cha in  from 19 to  17 or 15 toothed  gears a long
the in t e rmed ia t e  ax le  r e su l t s  i n  a p rog re s s ive ly  l onge r  pa t ch  l eng th  and
lower number of patches  per hec t a r e .  The lower gear r educ t ion  (15 t ee th )  i s
recommended by the manufacturer  for heavier  s l a sh  cond i t i ons .

At P r ince  A lbe r t ,  t he  Bracke  Badger was pu l l ed  by a 140-kW Timberjack 550
cab le  sk idde r .  The sk idde r  was equ ipped  wi th  an  enc losed  cab  and  had
s tudded  cha ins  on  a l l  o f  t he  30 .5  x 32 t i r e s .  A T imber j ack  550 cab l e
sk idde r  w i th  enc losed  cab was a l so  used a t  Whi t e  R ive r .  Ring  cha ins  were
in s t a l l ed  on  the  f ron t  t i r e s  a f t e r  50 hou r s  o f  ope ra t i on  because  o f
excess ive  t i r e  wea r .  Spec i f i ca t i ons  on both the Badger and  Timber  j a ck  550
sk idde r  can be found in  Appendix A.
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SHORT-TERM STUDY - PRINCE ALBERT

Background

Pr ince  Alber t  Pulpwood owned a 140-kW Timberjack 550 sk idder  which they  used
to  pul l  anchor chains  i n  the win te r  t o  t r ea t  de l i ca t e ,  sha l low-so i l ed  s i t e s .
The exper ience  of  the company showed that  t he  u se  o f  anchor  cha ins  i n  t he
summer p roduced  na tu ra l  r egene ra t i on  of  jack  p ine  at too  high a s t ock ing ,
c r ea t i ng  areas that would r equ i r e  fu tu re  p recommerc i a l  t h inn ing .  Pa t ch
sca r i f i ca t i on  produced the quan t i ty  and qua l i ty  of  seedbed that  r e su l t ed  i n
a 60-65$ s tock ing ;  a l eve l  that t he  company f ee l s  i s  op t ima l .  The pa t ch
sca r i f i ca t i on  had  been done by a Bracke Cu l t i va to r ,  used s ince  1973, and 2
Leno sca r i f i e r s ,  a l l  pu l l ed  by mod i f i ed  C la rk  667 g rapp le  sk idde r s .  The
Timber  j a ck  550 was used on summer patch s ca r i f i ca t i on  but had a surplus  of
power for a 2-row Bracke Cu l t i va to r .

The company eva lua t ed  t he  p ro to type  Bracke  Badger i n  1981 under a l e a se
agreement ,  and was p leased  wi th  the performance of the mach ine  i n  t e rms  o f
p roduc t ion  and the qua l i t y  of  the mic ros i t e s  produced wi th  the new 15 - too th
in t e rmed ia t e  gea r .  The p ro to type  was bough t  a t  t he  end  o f  t he  t r i a l .
However,  t he  Badger has  been  used in  a 2-row conf igura t ion  s ince  the 1983
season because of the d i f f i cu l ty  i n  p repa r ing  t he  o r ig ina l  p ro to type  fo r
long -d i s t ance  t ranspor t  and the absence of  l a rge ,  r e l a t i ve ly  c lo se  cutovers
that r equ i r e  s ca r i f i ca t i on .

S i t e  and Opera t ion

The loca t ion  o f  t he  sho r t - t e rm  s tudy  was  no r th  o f  P r ince  A lbe r t ,
Saska t chewan ,  and  wes t  of Lac La Ronge in  P r ince  Alber t  Pulpwood's Camp 15
d i s t r i c t .  The area  was f l a t  t o  gen t ly  ro l l i ng  w i th  ex t ens ive  j ack  p ine
s t ands  on  s andy  so i l s .  Aspen and  wh i t e  sp ruce  appea r  i n  more up l and
lacus t r ine  s i t e s  and b lack  spruce  can be found in  poor ly  d ra ined  a r ea s .  The
s tudy  a r ea  was w i th in  t he  Upper Church i l l  Sec t ion  (B. 20) of  the Boreal
Fores t  Region (Rowe 1972) .

The s i t e s  had been  logged  two yea r s  p r io r  t o  s ca r i f i ca t i on  u s ing  a t r ee -
length  sys t em.  As a r e su l t ,  tops  and b ranches  were  l e f t  by t he  s tump  bu t
s l a sh  cove rage  and  volume was l i gh t .  Residual  aspen were l e f t  s t and ing  in
the cutover .

Method and Purpose of  Treatment

The pu rpose  o f  t he  s ca r i f i ca t i on  was t o  c r ea t e  a su i t ab l e  s eedbed  fo r
na tu ra l  r egene ra t i on  of jack  p ine .  Although s l a sh  was l i gh t ,  the 15 - too th
in te rmed ia t e  gear s e t t i ng  was used because i t  produces t he  number and  s i ze
o f  pa t ches  pe r  hec t a r e  t ha t  t he  company  f ee l s  i s  be s t  f o r  na tu ra l
regenera t ion .  Spacing between passes  was p re sc r ibed  a t  2 me t r e s .
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Figure 4. The Brack© Badger working in Area 1 (left) and view of Area 2
prior to scarification. Note lack of debris on both sites.

Operation, Pattern and Sequence

The Badger and its prime mover were owned and operated by the company at the
time of the short-term trial and it was their third season with the machine.
The operator had a few months of experience with the scarifier. The
operation was run on a one 8-hr shift per day and 5 days per week basis.

A concentric circle pattern was used because it minimizes the amount of
turning between passes, and with natural regeneration, there is no need to
keep parallel rows running from the road.

"Walking" between sites was done by simply raising the mattock wheels off
the ground with the winch and driving the unit to the next area. Either a
tractor and float or a self-loading straight truck (10-wheeler with Hiab
crane) was used to transport the Brack© over long distances between
divisions or to major repair facilities (Figure 5) .

Figure 5. A machine frame is lifted onto a straight truck for transport to
town for repairs.
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ASSESSMENTS

The s i t e  cond i t i ons  which  may a f f ec t  t he  pas sage  o f  the machine and the
subsequen t  qua l i t y  o f  t he  s ca r i  f i c a t  i on  were  a s se s sed  p r io r  t o  t he
t r ea tmen t .  C i r cu l a r  p lo t s  (100  m 2 ) were l a id  out randomly in  the var ious
s i t e s .  Slash measurements were  made us ing  the  1 i ne - in t e r sec t  method a s
desc r ibed  by van Wagner (1968) .

Continuous t ime  s tud i e s  we re  ca r r i ed  ou t  t o  eva lua t e  t he  p roduc t iv i t y ,
pe r fo rmance  and  ope ra t i ona l  problems of the Badger.  Fuel consumption was
recorded  dur ing  the s tudy .  Travel speeds were  measu red  fo r  20 -me t r e  runs
wi th in  t he  no rma l  ope ra t i on .  A c lo sed  t r ave r se  was run  a round  each
sca r i f i ed  block to  ob t a in  an accura te  f igure  of the s ca r i f i ed  a r ea .

Pos t - t r ea tmen t  measu remen t s  were done on 50-m 2 c i rcu la r  p lo ts  t o  eva lua te
the qua l i t y  o f  s ca r i f i ca t i on .  The method used  was s imi l a r  t o  t he  On ta r io
Min i s t ry  o f  Na tu ra l  Resou rces  p rocedure  a s  ou t l i ned  in  Anon.  (1979) .
Measurements of minera l  so i l  exposu re  and  p l an t ab l e  spo t s  i nc luded  on ly
those  c r ea t ed  by the  s ca r i f i e r .  Although the purpose of the t reatment  was
for natural  r egenera t ion ,  a survey of  p lantable  spots  was made. Each pa t ch
wi th in  t he  p lo t  boundary was t a l l i ed  on a p l an t ab le ,  margina l ly  p l an t ab l e ,
and non-plantable  bas i s .  The p lan t ing  loca t ion  chosen for each patch was on
the  ups lope  be tween  the  s ca lped  pa t ch  and  the  i nve r t ed  s ec t i on .  The
dimensions of the mine ra l  so i l  and  inve r t ed  o r  mixed humus -mine ra l  so i l
sec t ions  were measured for each patch i n  the p lo t .
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RESULTS

Pre-Treatment Assessment

The results of the pre-treatment assessments are given in Tables 1 to 4.

Table 1. Residuals and brush assessments.

Location

Residuals
(d .b  .h  . >1 0 cm)

Brush
(d .b .h .  <10 cm, height

>1m)

Jack
Pine

(no/ ha)

Trembling
Aspen

(no/ha)

Total
Density
(no/ha)

Avg.
Diam.
(cm)

Diam.
Range
(cm)

Density

(no/ha)

Avg.
Height

(m)

Height
Range

(m)

Area 1

Area 2

6

13 125

6

138

18

19 12-25

567

238

1 .2

2.4

1 .  1 -  2 .0

1 . 1 -  3 .0

Table 2. Stump assessment.

Location
Density

(no/ha)

Avg.
Height

(cm)

Height
Range
(cm)

Avg.
Diam.
(cm)

Diam.
Range

(cm)

Percent of Density

(%)

Area 1 900 10 5-28 22 10-40 Jack Pine
Black Spruce

92
8

Area 2 475 14 5-28 27 14-44 Jack Pine
Black Spruce

61
39

Table 3. Slash assessment.

Location
Pieces per 20m
of l inea l  t a l ly Avg.

Diam.
(cm)

Diam.
Range

(cm)

Volume (m’/ha) by Species
Volume
Range

(m 3 /ha )

Height

(cm)

Coverage

(%)

Jack
Pine

Black
Spruce

Trembling
Aspen

White
Birch

Total
<5 cm
diam.

>5 cm
diam.

Area 1 12 6 8 .8 5-20 28 1 4 - 33 0-88 10 12

Area 2 17 6 8.1 5-20 11 3 13 1 28 0-50 12 12
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Table 4 .  S lope ,  so i l  and t e r r a in  a s ses smen t s .

Location
Slope to  5Ï
( Ï  o f  ta l l y )

Avg.
Slope

( Ï )

Max.
Slope

(%)

Slope
Class

Humus
Depth

(cm)

Soil
Texture

So i l
Depth

(cm)

Soi l
Moisture

Ground
Condition

Class

Ground
Roughness

Class

CPPA
Terrain
Class

Stoniness

(J)

Area 1 72 4 .9 15 1 4 .6 loamy
sand

>30 dry 1 1 1 .1 .1 1Ï

Area 2 50 7 .5 18 1(2)* 6 .0 s i l ty
sand

>30 dry-
fresh

2 1(2)* 1 .2 .1 10%

* Numbers in  brackets indicate  over 10% of sample.

Tab le  1 i nd i ca t e s  that there  were no r e s idua l s  to  be found on Area 1 excep t
a few dead  j ack  p ine .  On Area  2 ,  t he  cu tove r  was  gene ra l l y  f r ee  o f
r e s idua l s  excep t  fo r  a few clumps of a spen .  Aspen, wil low and a lder  brush
were moderate i n  dens i t y  on Area 1 and  a round  one  me t r e  i n  he igh t .  High
dens i t i e s  were  found  on  on ly  a couple  of  the p lo t s .  On Area 2 ,  the brush
was over 2 metres  i n  he igh t  but r e l a t i ve ly  t h in .

Stumps (Tab le  2)  ave raged  a f a i r l y  h igh  900 per  hectare  on Area 1 but  were
cut low to  the ground.  The stumps on Area 2 were on ly  s l i gh t ly  h ighe r  and
larger  i n  diameter  but were at a much lower dens i t y .

The s l a sh  cond i t i ons  on both areas  were very l i gh t  as i nd i ca t ed  i n  Tab le  3-
On a 20-m l i nea l  t a l ly  bas i s ,  the s l a sh  ranged from 0 to  88 m 3 /ha on Area 1
and from 0-50 m 3 /ha on Area 2 for p ieces  over 5 cm in  d i ame te r .  The s l a sh
was b r i t t l e  and approximate ly  two years o ld  on both a r ea s .

The two areas were gent ly  ro l l i ng .  Slopes  up t o  5$ comprised 72% and 50% of
Area  1 and  Area 2 r e spec t ive ly .  There was a maximum slope of 18$ on Area 2
(Table  4) .

The L-F-H layer was very  t h in  on Area 1 and s l i gh t ly  th icker  on Area 2 .  The
d ry ,  loamy sand g ives  a ground cond i t i on  of 1 on Area 1 .  The f r e sh ,  s i l t y
sand  o f  Area  2 y i e ld s  a g round  cond i t i on  o f  2 acco rd ing  to  the  Swedish
t e r r a in  c l a s s i f i ca t i on  (Anon. 1969) .  Ground roughness was c l a s sed  a s  1 and
1(2 )  on  Areas  1 and  2 r e spec t ive ly  accord ing  to  Anon. (1969) ,  which can be
desc r ibed  as  somewhat uneven sur face  t o  very smooth.  The so i l  on both s i t e s
was r e l a t i ve ly  s tone  f ree  w i th  some boulders  found on Area 2 .  The C.P .P .A.
te r ra in  c l a s s i f i ca t i on  i s  therefore 1 .1 .1  fo r  Area  1 and  1 .2 .1  fo r  Area  2
(Mellgren 1980) .

Time S tud ie s

A summary o f  the  con t inuous  t ime  s tud i e s  i s  p r e sen t ed  i n  Tab le  5 .  The
summary presents  a breakdown o f  elemental  t imes  w i th in  P roduc t ive  Machine
Hours  (PMH) and  the  number of  minu te s  pe r  hectare  for each t ime  e lement .
The t ime elements  are  de f ined  in  Appendix B.
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Table  5 .  Summary of  t ime e l emen t s .

TIME ELEMENT

OBSERVED PRODUCTIVE TIME

AREA 1 AREA 2

$ min/  ha $ min/  ha

Effec t ive
Product ive
Time (Sca r i fy  on ly )

86 .3 23.65 84 .8 28.12

Manoeuvre (Turn) 5 .5 1.51 3 .0 1 .00

Obs tac l e
- Implement

Prime Mover
0 .3 0 .09 0 .  1

1 .0
0 .03
0 .34

Travel 2 .5 0 .68 2 .5 0 .82

Subtotal 94 .6 25.93 91 . 4 30.31

Delay* 5 .4 1 .47 8 .6 2 .85

TOTAL 100 27. 40 100 33.16

* Delay on ly  inc ludes  those between 0 .05  min.  and 15 min .  Delays l e s s  than
0 .05  min .  we re  i nc luded  in  t he  e l emen t  i n  which  t hey  occur red ,  wh i l e
those  over 15  min.  were not cons ide red  produc t ive  t ime  and thus  exc luded
from the sample .

There were no major d i f fe rences  between the elemental  t imes  of  Areas  1 and
2 .  E f f ec t i ve  P roduc t ive  Time (EPT) comprised a h igh of  86$ on Area 1 and
85$ on  Area  2 .  As none  o f  t he  EPT was compr i sed  o f  w inch ing - in  t he
imp lemen t ,  a l l  of  t h i s  element occurs  when the implement i s  engaged in  the
so i l  and both the prime mover and implement a re  moving fo rward .

"Manoeuvre"  t ime  o r  t u rn ing  be tween  pas se s  was ve ry  low because  of the
concen t r ic  c i r c l e  pa t t e rn  of  ope ra t i on .

A fu r the r  breakdown of  manoeuvre t ime  i s  g iven in  Table  6 .  A l l  turns were
of  a broken pa t te rn  type  when i t  became too  t i gh t  t o  make a cu rve  i n  t he
concen t r i c  c i r c l e  near the end of treatment of a b lock .
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Tab le  6 .  Breakdown o f  manoeuvre t imes .

Area  1 Area 2

Turns per  Hec t a r e
(no /ha ) 2 .0 1 .5

Time per Turn
(cmin ) 76 66

Average Dura t ion  o f  E f f ec t i ve
Produc t ive  Time Between
Turns ( cmin )

1184 1860

’Obs t ac l e ’  t imes  were  a m ino r  e l emen t  i n  t he  t o t a l  PMH (Tab le  5 ) .
’Obs t ac l e ’  t ime  i s  the t ime  be tween  hav ing  to  s top  because  o f  an obs t ruc t i on
un t i l  s ca r i f  i c a t i on  r e sumes .  Wi th  the  Badger ,  t h i s  t ime  inc ludes  the  s tuck
t ime ,  mov ing  fo rward  wh i l e  f r ee - spoo l ing  the w inch ,  and  pos s ib l e  r eve r s ing
a f t e r  f r ee - spoo l ing .  The obs t ac l e  t ime  ends when the implement  beg ins  to  be
winched  in .  The  w inch ing  t ime  may be  i nc luded  i f  i t  i s  no t  p roduc ing
e f f ec t i ve  s ca r i f i ca t i on .  The obs t ac l e  t ime  i s  charged aga ins t  the implement
o r  p r ime  move r  depend ing  upon  the  cause .  Obs t ac l e  t imes  i n  t e rms  o f
f requency  per hec t a r e  and to t a l  t ime  per hec ta re  were  i n s ign i f i can t  (Tab le
7)  .

Table  7 .  Summary o f  obs t ac l e  t ime .
( 'De l ay '  t imes  o f  c l ean ing  deb r i s  from implement  a re  i nc luded  to
show to t a l  l o s t  t ime  because  o f  s i t e  cond i t i ons ) .

N. CAUSE

LOCATIONS.

IMPLEMENT PRIME MOVER

STUMP DEBRIS CLEAN
IMPLEMENT

TOTAL SOFT
GROUND

TOTAL

AREA 1
no/ha
cm i n /  ha

0 .  1
4

0 .1
5

0 .2
1 1

0 .4
20

- -

AREA 2
no/ha
cmin/  ha

- 0 .1
3

- 0 .  1
3

0 .  1
34

0 .  1
34
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"Delay" t imes  that were l e s s  than 15 minutes  and inc luded  in  product ive  t ime
comprised 5 .4$  and 8.6% o f  the  t o t a l  t ime  on  Areas  1 and  2 r e spec t ive ly
(Table 5 ) .  The main d i f fe rence  between the two s i t e s  was because of greater
personal  de lay  t ime on Area 2 ( s ee  Table  8 ) .

The p roduc t iv i t y  i n  terms of area  t r ea t ed  per hour i s  p resen ted  i n  Table  9 .
On a Product ive  Machine Hour bas i s ,  the p roduc t iv i t y  was high on both  a r ea s .
The p roduc t iv i t y  i s  h ighe r  on  Area  1 on  bo th  a PMH and  EPT bas i s .
Express ing p roduc t iv i t y  on an EPT bas i s  removes the e f f ec t  of  a d i f f e r ence
in  t he  t ime  e l emen t  breakdown wi th in  the PMH s ince  only  the t ime  ac tua l ly
sca r i fy ing  i s  used .  The spac ing  between passes was p re sc r ibed  a t  2 me t r e s
and  the re  was  no ma jo r  d i f f e r ence  be tween  tha t  and  the  measu red  pas s
d i s t ances  on t he  pos t - t r ea tmen t  su rvey .  The re fo re ,  t he  d i f f e r ence  i n
p roduc t iv i t y  on a EPT bas i s  r e f l ec t s  a d i f fe rence  i n  t rave l  speed .

Table 8 .  Breakdown of de l ays .

DELAY
AREA 1 AREA 2

% cmin/ha % cmin/ha

Personal 8 .8 13 46 .7 133

Superv i s ion  and Opera tor
Reconnaissance 4.1 6 3 .1 9

Prepare  Implement for
Sca r i f i ca t i on 11 .6 17 7 .7 22

Remove Debr i s  from
Implement 7 .5 1 1 - -

Warm-Up 50 .3 74 26 .7 76

Fuel 17 .7 26 15 .8 45

TOTAL 100 147 100 285
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Table  9 .  P roduc t iv i t y  summary.

AREA 1 AREA 2

Total PMH (h ) 6 .17 5 .12

Area (ha) 13-52 9 .26

Produc t iv i t y  per PMH (ha /h ) 2 .  19 1.81

Produc t iv i t y  per PMH
minus delay t ime (ha /h ) 2.31 1 .98

Produc t iv i t y  per E f fec t ive
Product ive  Time (ha /h ) 2.54 2 .13

Travel Speed (m/min) 72 62

Fuel Consumption
(L/engine  hour) 25.1 25 .0
(L/ha) 11 .9 14 .2

The t r ave l  speeds  g iven  in  Tab le  9 a r e  ca l cu l a t ed  f rom the  fo l l owing
formula :

_ , , . . < 10 ,000 m 2 /ha . ___ , . s
Speed (m/min) = — 2 ------------------------- / EPT (min/ha)

working wid th  (m)

The work ing  wid th  i s  ca lcu la ted  by adding  the wid th  of  the machine ( cen t r e -
to - cen t r e  between ou t s ide  machine frames i s  3 .7  m) plus  the average d i s t ance
be tween  pas se s  from Table  12 .  Therefore ,  these  speeds  represent  an average
t ravel  speed for the en t i r e  b lock .

On t imed  20 -me t r e  s ec t i ons ,  t r ave l  speeds  r anged  from a low of 53 m/min
t r ave l l i ng  on a 1% upgrade and through l igh t  r e s idua l s  and heavy aspen brush
on  Area  2 ,  t o  a h igh  of 82 m/min on a l eve l ,  smooth s ec t i on .  I t  should  be
noted  that  the manufacturer recommends an ave rage  fo rward  t r ave l  speed  o f
between 50-60 m/min to  ma in t a in  a good qua l i ty  mic ros i t e .

Fuel consumption was s imi l a r  fo r  t he  two a r ea s ,  ave rag ing  25 l i t r e s  pe r
engine  hour .
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Post-Treatment Assessment

The a s se s smen t  of  mine ra l  so i l  exposu re  (MSE) i s  p resen ted  i n  Table  10 .
'Net  Mineral  So i l  Exposure '  r e f l ec t s  the ab i l i t y  of  the s ca r i f i e r  t o  expose
minera l  so i l  i n  the area  i t  has passed over ( i . e .  w i th in  the conf ines  of the
row) .  'Gross  Mineral  So i l  Exposure '  re la tes  the exposed minera l  so i l  to  the
to t a l  a r ea .  The re fo re  ' ne t '  MSE i s  a measure of the e f fec t iveness  of the
sca r i f i e r  t o  handle a par t icu lar  s i t e  wh i l e  ' g ro s s '  MSE i s  a measure of  both
the  e f f ec t i venes s  o f  t he  equipment  and the ope ra t i on .  'Ne t '  MSE averaged
49$ and 38$ on Areas 1 and 2 r e spec t ive ly .  'G ros s '  MSE ave raged  12 .7$  on
Area  1 and  10.7$ on Area 2 .  I f  the zone of  inver ted and/or  mixed humus and
minera l  so i l  i s  i nc luded ,  the to ta l  d i s tu rbed  a r ea  i s  16 .4$  on  Area  1 and
12.1$ on Area 2 .

Table  10 .  Mineral  so i l  exposure a s sessment .

Locat ion

"Net"  MSE "Gross"  MSE Inver ted+
Mixed Zone

Total
Di s tu rbed :

Gross
MSE+Inverted+

Mixed Zone
($)

Avg.
($)

Range
($)

Avg.
($)

Range
($)

Avg.
($)

Range
($)

Area 1 49 19-80 12 .7 7 .8 -20 .9 3 .7 0 -8 .  1 16 .4

Area 2 38 12-62 10 .7 5 .4 -16 .8 1 .4 0 -6 .9 12 .  1

On Area  1 , 98$ of  the patches had some minera l  so i l  exposure wh i l e  on Area 2
MSE occurred on  90$ of  the pa tches .

Table 1 1 g ives  average dimensions and area of  mineral  so i l  exposure per patch
for the two a r ea s .  On Area 1 ,  t he  a r ea  o f  mine ra l  so i l  ave raged  62 .2  dm 2
whi l e  on  Area  2 t he  area  was s l i gh t ly  over 50 dm 2 . The wid th  of  MSE was 50
cm for both a r ea s .  Thus, the a rea  o f  mine ra l  so i l  exposu re  pe r  pa t ch  was
l a rge r  on Area  1 because  t he  pa tch  was 22 cm longe r .  The maximum depth  of
the patch averaged 15 cm but occas iona l ly  i t  reached 20 cm.

The number of patches w i th  a zone of  inverted minera l  so i l  on humus and/or a
mix of  humus and mine ra l  so i l  was l ower  on Area  2 .  However,  t he  ave rage
dimensions and area  of  t h i s  por t ion  of  the patch was s imi l a r  on the two s i t e s
when i t  occu r red .
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Table 11. Patch* s i ze  assessment.

Location

MSE Area
per Patch

MSE Dimens ions/  pat ch Inverted*
Mixed
Area
(dm 2 )

Inverted+Mixed
Dimensions

Patches
with

Inverted
or Mixed

Zone
(?)

Length Width
Avg.
(dm 2 )

Range
(dm 2 ) Avg.

(cm)
Range
(cm)

Avg.
(cm)

Range
(cm)

Length
(cm)

Width
(cm)

Area 1 62.2 4-126 120 20-220 50 20-80 41 . 6 75 56 45

Area 2 50.3 4-102 98 20-190 50 20-90 40.3 77 52 14

* for patches with at l eas t  100 cm 2 of mineral so i l  exposure.

F igure  6 shows r e l a t i ve  f requency  over  patch a r ea  classes  for the to ta l
number of measured patches on both a r ea s .  Figure 7 presents the percen tage
cumulat ive  f requency  for  patch a r ea .  At the 50? mark, the patch area i s
approximately 63 dm 2 on Area 1 and 48 dm 2 on Area 2.

I f  a minimum a rea  of 9 dm 2 (30 x 30 cm) i s  prescribed,  such as  i n  Sweden
(Anon. 1978),  then  4? and 9? a r e  below th i s  s t anda rd  on Area ' s  1 and 2
re spec t ive ly .  At the  p re f e r r ed  l eve l  of 36 dm 2 (60 x 60 cm), 85? of the
patches are above th i s  s i ze  on Area 1 and 72? on Area 2. These l im i t s  w i l l
d i f f e r  from en t e rp r i s e  t o  enterpr ise  but Figure 7 can be used to  determine
the number of acceptable patches as long as the  l im i t s  a r e  known and s i t e
conditions are s imi l a r .
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Figure  7 .  Ogive for the cumulat ive
percent  of patch a r ea .

F igure  6 .  Percentage frequency over
midpoint  of patch area  c l a s s .

The a s se s smen t  of  p l an t ab l e  spo t s  i s  g iven  in  Tab le  12 .  E igh ty -e igh t
percent  of the patches were of  the plantable  c lass  on Area 1 and 75$ on Area
2 .  Margina l ly  p lantable  spo t s  and non-plantable  spots  were  h ighe r  on  Area
2 .

Table 12 .  Patch assessment for p l an t ing .

Locat ion

Plantable Spot Breakdown
Spacing

Along
Row

(m)

Dis tance
Between
Passes

(m)

Avg.
Dis tance

Between
Rows
(m)

Plantable Marginal
Non-

Plantable Total

no/ha $ no/ha % no/ha $ no/ha $

Area 1

Area 2

1846

1590

88

75

208

370

10

18

54

150

2

7

2108

2110

100

100

2.62

2.64

2 .16

2 .12

1 .95

1 .94
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set by the distance between machine

between passes (extrinsic spacing) was

an average distance between rows of

is dependent upon the operator and how

The intrinsic between-row spacing,

frames is 1.85 metres. The distance

2.16 metres on Area 1. This produces

1.95 metres. The extrinsic spacing

well he follows the prescription. There are 2 intrinsic spaced rows to 1

extrinsic spaced row because of the 3~row machine.

On a flat, slash free landing, the distance between patches along a row was

2.8 metres. The actual distance between patches is less in the cutover

because of slipping of the wheel. Figure 8 shows a view of Area 1 after

scarification. The rows appear as an almost continuous exposure of mineral

soil because of the 15~tooth gear, light slash conditions and thin organic

layer .

Figure 8. View of Area 1 after scarification
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SHIFT-LEVEL STUDIES

During per iods  from May 1982 to  Ju ly  1983, FERIC monitored the Brâcke Badger
a t  P r ince  A lbe r t  Pulpwood on  a sh i f t - l eve l  ba s i s  to  gather in format ion  on
long- t e rm p roduc t ion  and  mechan ica l  ava i l ab i l i t y .  At t he  r eques t  o f
Ab i t i b i -P r i ce  a t  Whi t e  R ive r ,  On ta r io ,  another long-term study was done in
1984.

Da i ly  r epo r t  f o rms  were f i l l ed  out by company personnel and accompanied by
Se rv i s  Reco rde r  cha r t s  a t  bo th  l oca t ions .  FERIC was r e spons ib l e  fo r
the  aud i t i ng ,  compi l a t i on  and ana lys i s  of these da ta .  The FERIC procedure
fo r  sh i f t - l eve l  ava i l ab i l i t y  and  p roduc t iv i t y  s tud i e s  can  be found  in
Folkema e t  a l .  ( 1 981 ) .

Pr ince Alber t

The sk idder  and prototype Badger were the same uni t s  as p revious ly  desc r ibed
in  the short- term s tudy .  Shutdowns of a l l  woodland 's  operat ions  because  o f
summer vaca t ions ,  poo r  marke t  condi t ions  and rou t ine  closures of the mi l l
for maintenance resu l t ed  i n  a low number of reported days i n  both yea r s .

Tab le  13  p rov ides  an ope ra t i ona l  summary of the resu l t s  of the long-term
study broken down in to  the 1982 and 1983 sca r i f i ca t i on  s ea sons .  Tab le  14
ind i ca t e s  some of  the causes of non-product ive t ime .  Summaries are  provided
for the r epa i r  t ime  and frequency under the various components of t he  p r ime
mover and  implement.  De f in i t i ons  of the t ime  elements and machine formulas
are given in  Appendix B.

Mechan ica l  Ava i l ab i l i t y  was poor  i n  1982 because  o f  a l ong  r epa i r  t o
strengthen the drawbar frame at the trunnions and ex tens ion  arms.  As we l l ,
t he re  were  a number o f  r epa i r s  t o  t he  p r ime  move r .  The Badger owned by
Pr ince  A lbe r t  Pulpwood was the  o r ig ina l  p ro to type  un i t  and  thus  more
mod i f i ca t i ons  and  r epa i r  t ime  were  t o  be expec t ed .  The manufacturer has
s ince  s t rengthened the drawbar frame on i t s  product ion mode l s .  I f  the  two
long  r epa i r s  t o  t he  drawbar frame and mattock wheel shaft  are  removed, the
mechanical  ava i l ab i l i t y  of  the Badger i t s e l f  i s  92? for both years combined.
Se rv i ce  on  t he  Badger was a minor  pa r t  of  the t o t a l  se rv ice  t ime  and i s
es t imated  a t  10? of  the to ta l  Act ive  Service  Time.

Mechan ica l  Ava i l ab i l i t y  was much be t t e r  i n  1983- The sk idder  was almost
f ree  of  r epa i r s  except  fo r  one  t o  a t i r e  cha in .  The Badger had  a l ower
repa i r  t ime  as  we l l .  One long  r epa i r  of the mattock wheel shaft  assembly
was caused by a broken keyway.

Non-p roduc t ive  ope ra t i ng  t ime  cons i s t ed  p r imar i l y  o f  "wa lk ing"  between
s i t e s .  On one occas ion ,  the sk idder  was used to  pull  ano the r  sk idde r  t ha t
was s tuck .  Misce l l aneous  delavs were personal de l ays ,  t a lk ing  to  foreman,
he lp ing  another sk idde r  ope ra to r ,  o r  moving the  sk idde r  and  Bracke  on  a
low bed .
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The d i f fe rence  i n  p roduc t iv i t y  between 1982 and 1983 could  be in te rp re ted  as
an anomaly  bu t  i t  i s  p robab ly  caused  by a d i f fe rence  i n  the r epo r t i ng  of
a r ea .  Occas iona l ly  small areas which have not been sca r i f i ed  a r e  r epo r t ed
as  t r ea t ed .

Long-term fue l  consumpt ion  was s l i gh t ly  h ighe r  t han  fo r  t he  sho r t - t e rm
s tudy .  A more d i f f i cu l t  t e r r a in  may accoun t  fo r  the  higher consumption
s ince  the s i t e s  i n  the shor t - term t r i a l  were ve ry  ea sy  t o  t r ave r se .  Fue l
consumpt ion  on a per sh i f t  ba s i s  was not monitored i n  1982. On days w i th  a
h igh  p ropor t i on  o f  wa lk ing  t ime ,  t he  fue l  consumpt ion  was  a s  l ow  a s
16 L/engine  hour .

The to t a l  days  r epo r t ed  was somewhat l im i t ed  du r ing  t he  two  seasons .
However ,  t he re  i s  no i nd i ca t i on  t ha t  t he  mechan ica l  ava i l ab i l i t y  o f  the
Badger w i l l  be lower than for a Brâcke Cu l t i va to r .

White River

At Ab i t i b i -P r i ce  ' s opera t ion  i n  White R ive r ,  On ta r io ,  the Brâcke Badger was
a p roduc t ion  mode l ,  u sed  i n  t he  3~row and  2-metre  spac ing  con f igu ra t i on .
Both the Timberjack 550 sk idde r  and  Badger were  new a t  t he  s t a r t  of the
s tudy .

The cutover cond i t i ons  were  more d i f f i cu l t  t han  t hose  a t  P r ince  A lbe r t .
Bou lde r s  and  bed rock  ou t c rops  were  numerous  on mos t  of the cutovers  and
heavy aspen r e s idua l s  were common. The topography was rough to  rugged .  The
h igh  g round  roughness  c lass  (2  and 3) and s lopes  neces s i t a t ed  f requent  use
of  the qu ick - re l ease  h i t ch  and winch.  A combina t ion  o f  concen t r i c  c i r c l e
and run-by-run pat terns  was u sed .

An operat ional  summary of  the White River  s tudy  i s  given in  Table  13  and the
repa i r  s t a t i s t i c s  a r e  p re sen t ed  i n  Tab le  14 .  U t i l i z a t i on  was only 59?
because of  numerous r epa i r s  and misce l l aneous  de l ays .  A breakdown o f  t he
124 .5  hours of misce l laneous  delays i s  as fo l lows :  69? were personal  delays
and operator  being s i ck  or l a t e ,  11? supe rv i s ion ,  9? s tuck ,  5? r a in  de lay  or
no t  enough t ime  at the end of  the day to  begin  a new s i t e ,  1?  removing logs
and ma in l ine  from mattock wheel and machine f rame,  1? t r ave l  be tween  s i t e s
and  p repa re  fo r  t r ave l ,  and 4? i n  other  var ious  minor de l ays .  I f  operator
s i ck  de lays  d id  not occu r ,  the u t i l i z a t i on  would be inc reased  to  64? .

Non-p roduc t ive  ope ra t i ng  t ime  cons i s t ed  of  59? "walking" between s i t e s  and
travel  for r epa i r s ,  32? warm-up and 9? s tuck  wi th  eng ine  runn ing .

Mechan ica l  Ava i l ab i l i t y  was 82? for the prime mover, 84? for the Badger and
71? combined. As shown in  Tab le  14 ,  t he re  were  f r equen t  r epa i r s  t o  t he
sk idde r  and  imp lemen t .  Wear and damage to  the be l ly  pan in spec t ion  p la tes
and d i f f e r en t i a l  housing by bedrock and boulders  accoun ted  fo r  25  hou r s  o f
the  r epa i r  t ime  to  t he  sk idde r .  T i r e  cha in  s l i ppage  and breakage was the
most frequent  problem wi th  the prime mover.
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There  were  two areas of major r epa i r  t o  the Badger.  The longes t  r epa i r  was
caused  by the  bo l t s  coming loose  on  t he  ma t tock  whee l  sp rocke t ,  wh ich
re su l t ed  i n  a ben t  ma t tock  sp rocke t  and  sha f t ,  b roken  d r ive  cha in  and
damaged cha in  s t r e t che r .  On another occas ion ,  the same bo l t s  came loose  on
a d i f f e r en t  machine frame caus ing  the d r ive  chain t o  snap .  The other  major
r epa i r  involved  welding cracks  on the ex t en t ion  a rms  o f  t he  d rawbar  f r ame
nea r  t he  s t ab i l i z e r  bar  a t t achmen t  po in t s .  I n  1985 (no t  mon i to red  by
FERIC), the company has used the machine i n  a 2 - row con f igu ra t i on  w i thou t
the  ex t en t ion  a rms  when in  rough  t e r r a in  because of  reoccurr ing  c racks  on
the ex t en t ion  a rms .

F requen t  shor t  delays were r equ i r ed  t o  r epa i r  the l i f tbows  that became bent
from fa l l i ng  r e s idua l s .  As we l l ,  t he  f r equen t  u se  o f  the  qu i ck - r e l ea se
h i t ch  r e su l t ed  i n  7 r epa i r s  to  the ma in l ine .  In  5 of  these the ma in l ine  was
rep laced .

Desp i t e  t he  ve ry  d i f f i cu l t  s i t e  cond i t i ons ,  the p roduc t iv i ty  averaged 1 .6
ha /h .  In  the l a s t  half  of the s tudy (225 PMH and 449.6 ha )  the p roduc t iv i ty
averaged 2 .0  ha /h .  The t e r r a in  was as d i f f i cu l t  as i n  the f i r s t  part of the
yea r .  However, the operator  had more exper ience  and the s i ze  of  the  b locks
was l a rge r .  Fuel consumption averaged 16 .8  L/PMH over the en t i r e  s ea son .
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Table 13. Shi f t  level  operational summaries.

PERIOD
Prince Albert White River
1982 1983 1984

Scheduling
Days Reported d 17 25 95
Scheduled Time h 154.5 187.5 756.0
Out -of -Shif t  Time h - - 35.0
Total Time h 154.5 187.5 791 . 0
Shif ts/Day d 1 1 1

Machine
Repair In -Shi f t h 44.5 18.0 93.0
Repair Out -of -Shi f t h - - 35.0
Service In-Shi f t h 9.5 12.0 50.5
Service Out-of-Shift h - - -

Operations
Non-Productive Operating Time h 8.0 11.5 17.0
Wait Parts h - - 22.5
Wait Mechanic h - 2 .5 5 .0
Miscellaneous Delays h 15.5 6.0 124.5

Machine and Operations
PMH In-Shi f t h 77.0 137.5 443.5
PMH Out-of-Shift h — - -

CPPA Avai labi l i ty % 65 83 77
Mechanical Avai lab i l i ty % 59 82 71
Ut i l i za t ion % 50 73 59
Total Time Ut i l i z a t i on % 50 73 56

Production
Area Treated (ha) 191 .5* 211 * 701 . 1
Productivity (ha/PMH) 3.36* 2.23* 1.62

Operators to  Date 1 3 3
Fuel Consumption L/PMH NA 27.9 16.8

* These to ta l s  or averages do not correspond with the to ta l  PMH because some a rea s
at Prince Albert were t rea ted  with both a Cult ivator  and Badger at the same time.



Table 14 .  Repair  summaries.

Reasons for  Repai r
(Components)

Active Repai r  Time (h )
Reasons for Repai r

(Components )

Act ive  Repai r  Time (h )
Pr ince  Alber t White

River
Pr ince  Alber t White

River
1 982 1983 1 984 1 982 1983 1 984

TJ550 SKIDDER BRÀCKE BADGER

Power Plant Cable 1 .0 (2 ) 2 .0 (1 ) 4 .0 (7 )
Basic  Engine Hi tch
Fuel System 3 .5 (2 ) Tow Chain & Connecting
Cool ing System Link 1 .5 (2 )

Radia to r  & Fan 1 .5 (1 )* 1 .0 (1 ) Tow Tube
Oi l  F i l t e r 1 .5 (3 ) Drawbar Frame & Exten t ion

Power T ra in Arms 26 .0 (3 ) 10 .0 (4 )
Transmiss ion Powershi f t 1 .0 (1 ) Liftbow 1 .0 (1 )
Di f f e r en t i a l  & Housing 4 .5 (1 ) L i f t s t ay 2 .0 (1 ) 3 .0 (3 ) 5 .5 (5 )
Drive Shafts Cur ta i le r 1 .5 (2 ) 2 .5 (1 )

Unive r sa l  Jo in t s 7 .5 (2 ) 4 .0 (1 ) Sp ind le  Sec t ion
Plane ta r ies 0 .5 (1 ) Wheel Fork
Ti re s  & Rims 4 .5 (1 ) 8 .0 (1 ) Rubber Wheel 1 .5 (1 )
T i r e  Chains 2 .0 (1 ) 11 .0 (8 ) Machine Frame

Controls Mattock Teeth
Brake System 0 .5 (1 ) Mattock Wheel

Hydrau l i c s Mattock Wheel Shaf t 7 .5 (1 )
Pumps 2 .5 (2 ) Dr iv ing  Chain & Stretcher 2 .5 (4 )
Valves 0 .5 (1 ) Gear Drive & Sprockets 38 .0 (3 )
F i t t i ngs 2 .0 (2 ) Bearings
Blade Cyl inder 0 .5 (1 ) Seeder Compartment Lid 0 .5 (1 )

Chass i s /Suppor t ing  St ructure Other (Not i den t i f i ed ) 1 .0 (1 )
Engine Cowling 1 .0 (1 )
Be l ly  Pan In sp .  P la tes 18 .5 (5 )
Door Latch 0 .5 (1 )
Steps 1 .5 (1 )
Guards,  Sheet Metal 0 .5 (1 )
Brackets  & Mounts 1 .0 (1 )

TOTAL Prime Mover 14 .0 (5 ) 2 .0 (1 ) 63.5(35) TOTAL Sca r i f i e r 30 .5 (8 ) 16 .0 (8 ) 65.0(27)

* Numbers i n  brackets  denotes f requency.
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NIPIGON OPERATION

A visit was made to Domtar’s limits north of Nipigon, Ontario to view the
Brâcke Badger in a 3~row and 1-metre spacing configuration. A 191-kW Clark
668 cable skidder was used to pull the scarifier. Both skidder and Badger
were owned and operated by KBM Forestry Consultants (see Figure 9) .

Figure 9. Clark 668 pulling the Brâcke Badger in a 3 _ row and 1 -m
spacing configuration. Note that extention arms are
removed .

The objective of the treatment was to make the area suitable for subsequent
planting of bare-root jack pine. Machine frames were spaced at 1 metre to
insure a sufficient number and selection of microsites for the planters.
Since the area was under a Forest Management Agreement, the company wanted
to plant a high number of seedlings (3500/ha) to insure that there was
adequate stocking at the assessment year.
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The s i t e  was logged in  the sp r ing  of  the same year u s ing  fe l l e r  bunchers and
bo th  t he  hardwood and softwood were sk idded  as ful l  t rees  to  roads ide .  The
t rees  were chipped a t  r oads ide .  As a r e su l t ,  the s i t e  was r e l a t i ve ly  f r ee
o f  s l a sh ,  b rush ,  and r e s idua l  t r ee s .  The average number of stumps was 1520
pe r  hec t a r e .  The s i t e  was a c l a s s  2 .1 .1  unde r  t he  C .P .P .A .  t e r r a in
c l a s s i f i ca t i on  sys t em.

A couple  of  concent r ic  c i r c l e  pa s se s  were  made a round  the  3 _ hec t a r e  s i t e
p r io r  t o  a r un -by - run  pa t t e rn .  P roduc t iv i t y  was ca l cu l a t ed  a t  0 .92
hectares/PMH. Approximately 4200 patches  pe r  hec t a r e  were  made ,  o f  which
94$ were  a s se s sed  as  p l an t ab l e .  The average length  of the minera l  so i l  and
inve r t ed  + mixed sec t i ons  o f  a pa t ch  were  148  and  84 cm re spec t ive ly .
Average  pa t ch  w id th  was 48 cm. This  r e su l t ed  i n  a gross MSE of 28$ and an
addi t iona l  13$ i f  the inver ted  s ec t i on  i s  i nc luded .
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DISCUSSION

Ef fec t  of S i t e  Condi t ions  on the Sca r i f i e r

There was l i t t l e  effect  of s i t e  obs tac les  on the s ca r i f i e r  or prime mover i n
the shor t - te rm t r i a l  at P r ince  Alber t  Pulpwood.

The s lopes  found on both s i t e s  d id  not slow down the s ca r i f i e r  t o  any great
ex t en t .  As we l l ,  the operator  d id  not  have t o  r e l ea se  t he  s ca r i f i e r  w i th
the winch on any of  the s lopes .

The stumps were small  and d id  not  pose any problems.  The ground cond i t i ons
were  exce l l en t  fo r  bo th  s ca r i f i e r  mob i l i t y  and exposure  of mineral  so i l .
Boulders found on Area 2 r e su l t ed  i n  a smal ler  patch s i ze  but they  were  few
in  number and presen ted  no major obs t ac l e .

Res idua l s  were a lmost  nonex i s t an t .  On Area 2 ,  the sk idde r  pushed  ove r  t he
spa r se  a spen  o r  l e f t  t he  dense  c lumps  s t and ing .  The manoeuvrab i l i ty  i n
heavy r e s idua l s  was therefore not  a s se s sed  but may be lower than that  of the
Cul t iva to r  because of  i t s  greater  w id th .

The s l a sh  loading  was very l i gh t  i n  sp i t e  of a t r ee - l eng th  l ogg ing  sys t em.
Only the occas iona l  windfa l l  p resen ted  an impediment t o  the s ca r i f i e r .

P roduc t iv i t y  and Opera t iona l  Cons ide ra t ions

The p roduc t iv i t y  o f  the  Brâcke  on  a hec t a r e  per hour bas i s  was exce l len t
because of  the ea sy  s i t e  cond i t i ons ,  concen t r i c  c i r c l e  pa t t e rn ,  amp le  power
of the prime mover and a sk i l l ed  ope ra to r .

There were very few s tops  caused by obs tac les  on e i ther  s i t e s .  The re  was a
h igh  ave rage  s ca r i fy ing  speed  on both a r ea s .  However, Area 2 had a lower
speed because  o f  more r e s idua l s ,  a h ighe r  g round  roughness  and  a l ower
g round  cond i t i on  c l a s s .  Gradeab i l i t y  should be s imi l a r  t o  the Cu l t iva to r
because of  the qu ick -d i sconnec t  h i t ch .

The concen t r i c  c i r c l e  pa t t e rn  meant  t ha t  t he re  was a low pe rcen t  of
product ive  t ime  in  manoeuvres. Few samples of turn-around t imes  were t aken ,
bu t  t he  ave rage  t ime  pe r  t u rn  was low du r ing  the t r i a l .  In a run-by-run
pat te rn  or i n  sma l l ,  i r regular  b locks ,  the Badger may be l e s s  manoeuvrab l e
because of the greater  wid th  and length  but the quick d isconnect  h i t ch  helps
to  reduce the t ime  taken  dur ing  such tu rns .
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Although the sk i l l  of the operator  i s  not as important  on concen t r i c  pa t te rn
ope ra t i ons  and  in  l a rge ,  e a sy  b locks ,  t he  ope ra to r  demons t r a t ed  good
in tu i t i on  and ab i l i t y  t o  d r ive  a sk idde r  on a s ca r i f i ca t i on  ope ra t i on .

The Badger demonstrated that  i t  was as easy t o  "walk" between b locks  as  the
Bracke  Cu l t i va to r  because  o f  t he  ab i l i t y  t o  r a i s e  the mattock wheels and
r ide  on i t s  own whee l s .  The ex t r a  wid th  of  the 3~row Badger i s  somewhat o f
a p rob lem fo r  l ong  d i s t ance  t r anspo r t .  The ex t r a  ex tens ion  arms must be
removed be fo re  be ing  ca r r i ed  on  a f l oa t .  To r eady  the  Badger fo r  l ong
d i s t ance  t r anspo r t  when se t  at the 2-m spac ing ,  the ou t s ide  machine frames
are pushed wi th  the sk idde r  blade back in to  the 1-m spac ing .  The ex t en t ion
a rms  a r e  t hen  unbo l t ed .  The re fo re ,  t r ave l  be tween  s i t e s  w i l l  be more
expensive because of  the  ex t r a  t ime  to  d i sman t l e  t he  mach ine  un l e s s  t he
Badger can be "walked" i n  the 2-m spac ing .

Ef fec t iveness  of Sca r i f i ca t i on

The Bracke  Badger p roduces  adequa t e  t ype  and  number o f  mic ros i t e s  fo r
na tu ra l  r egene ra t i on  o f  J ack  p ine  on  P r ince  A lbe r t  Pu lpwood’ s  l im i t s
acco rd ing  to  Smith (1981) .  The combination of  low gear r educ t ion  (15 - too th
sp rocke t )  and rep laceab le  t ee th  produced a cons i s t an t ly  l ong  pa t ch  w i th  a
l a rge  a r ea  o f  mine ra l  so i l  exposu re  under the easy  s i t e  cond i t ions  i n  the
s tudy .  As a r e su l t ,  there  was a higher gross minera l  so i l  exposure produced
in  compar i son  wi th  o the r  r epo r t ed  f i gu re s  on  Bracke  Cul t ivators  (Armson
1978 ,  Smi th  e t  a l  . 1984) .  The manufac tu re r  c l a ims  tha t  t he  l ow  gea r
r educ t ion  and  more agg re s s ive ,  r ep l aceab le  t ee th  p rov ide  be t t e r  s l a sh
pene t r a t i on .  Th i s  c la im was untes ted  owing to  the l i gh t  s l ash  cond i t ions  i n
the s tudy  a r ea .

In  terms of p lan tab le  spo t s ,  t he re  were  l e s s  t han  2000 pe r  hec t a r e  o f  an
accep tab l e  qua l i t y  i n  sp i t e  o f  a h igh  pe rcen t age  o f  p l an t ab l e  t o  non -
p lan tab le  pa t ches .  The main  r ea son  fo r  no t  ach i ev ing  a l a rge  number of
p l an t ing  s i t e s  l i e s  i n  t he  low gea r  r educ t ion .  The a long - row spac ing
averaged over  2 .6  metres  and on f la t  ground wi th  no obs t ac l e s  the  d i s t ance
i s  up t o  2 .8  me t r e s .  An unaccep tab le ,  between-pass  d is tance  of  0 .9  met res
i s  r equ i r ed  t o  meet  2500 p l an t ab l e  spo t s /ha  w i th  2 .6  me t r e s  a long - row
spac ing  a t  100% e f f ec t i venes s  ( i . e .  100% o f  t he  pa tches  are  p l an t ab l e ) .
Therefore ,  when s i t e  prepar ing  for p lan t ing  w i th  a Badge r ,  t he  1 7~ o r  19 -
too th  gea r  s e t t i ng  shou ld  be used i f  a 2 m x 2 m spac ing  i s  to  be ob ta ined
(2500 p lan tab le  spo t s /ha ) .  An a l t e rna t ive  method i s  a 1 -me t r e  s e t t i ng  on
the  Badger and the use of  a 15 - too th  gear for bet ter  patch qua l i t y ,  such as
in  the Nipigon s tudy .

Table 15 compares the e f f ec t  of the Bracke Badger sprocket  s e t t i ngs  w i th  the
number of patches  produced from other s t ud i e s .  This  t ab l e  i s  p r e sen t ed  a s
an i nd i ca t i on  of  the e f fec t  of the sp rocke t .  I t  does not g ive  the range of
patch dens i t i e s  that may be expec ted  because o f  the  l im i t ed  r ange  o f  s i t e
condi t ions  .
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Table 15 .  Number of Patches per Hec ta re  w i th  t he  Badger a t  Two Loca t ions
wi th  Various In te rmedia te  Gear Se t t i ng .

Sprocket  Se t t i ng

Locat ion 15 17 19

A 1
2-metre spac ing 21 90 - 2772

B 2
1-met re  spac ing
(p l an t ab l e )

4272
(2982)

4423
(2831 )

-

1 Source:  Internal  memo, Pr ince  Alber t  Pulpwood, 1981.
2 Source:  KBM (1982) .

On P r ince  A lbe r t ' s  l im i t s  (Locat ion  A), the company found that the 19 - too th
sprocke t  produced a larger  number of patches  i n  medium s l a sh  cove rage ,  and
modera t e ly  f i ne  t o  mode ra t e ly  coarse  so i l s  under mois t  to  wet cond i t i ons .
An assessment of p lantable  spo t s  was not made s ince  t he  t r ea tmen t  was fo r
natural  r egene ra t ion .  The gross minera l  so i l  exposure was 8 .6?  w i th  the 19 -
toothed sprocke t  and 7 .1?  w i th  the 15 - too th .  However ,  t he  pe rcen t  of  t he
ground surface su i t ab l e  for germina t ion  ( i nc lud ing  duff  d i s tu rbance )  was 20?
and 21? w i th  the 19 -  and 15 - too thed  sprocke ts  r e spec t ive ly .

At l oca t ion  B, near Nipigon,  On ta r io ,  a 1 -met re  spac ing  was used and the 15 -
and 17 - too th  sprocke t s  were compared under heavy  s l a sh  cond i t i ons .  The re
was a low percentage of  useable  mic ros i t e s  on both s e t t i ngs  but the percent
was higher w i th  t he  15 - too th  sp rocke t ,  r e su l t i ng  i n  a h ighe r  number of
useable  patches  per hec t a r e .

In  gene ra l ,  as  the gear s e t t i ng  i s  i nc reased  (15  to  17  t o  19 ) ,  t he re  i s  a
g rea t e r  number of patches per hectare  produced but at a l o s s  of patch s i ze .
However, the percent  of plantable  patches may be reduced s ince  a l ower  d rag
t ime  r educes  the  chance  o f  pene t r a t i ng  the deb r i s .  Therefore ,  i nc reas ing
the number of tee th  on the in t e rmed ia t e  gear may no t  neces sa r i l y  i nc rea se
the actual  number of p lantable  spo t s  e spec i a l l y  when s l a sh  condi t ions  become
more d i f f i cu l t .  A lower gear s e t t i ng  inc reases  the d i s t ance  between patches
along the row. I t  a l so  produces a larger  patch which inc reases  the d i s t ance
from the s eed l ing  t o  the sur rounding  compe t i t i on .
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An inc reased  pa t ch  l eng th  a l so  can  be ach i eved  by add ing  we igh t  t o  the
t i r e s ,  choosing a more aggress ive  t i r e  t r ead ,  and by reduc ing  t r ave l  speed .
These  me thods  r educe  t he  s l i ppage  of  the t i r e  and help  reduce bouncing of
the s ca r i f i e r .

Tab le  16  can  be used as  an a id  t o  determine the p resc r ibed  d i s tance  between
passes to  achieve  a de s i r ed  dens i t y .  A number of inputs  are r equ i r ed  before
us ing  the t ab l e :

1 . the r equ i red  number of plantable  patches per hec t a re .

2 .  minimum and maximum al lowable  spac ing  ( e .g .  ± 0 .5  m).

3 .  p r e sc r ip t i on  of  a p lan table  patch for local  s i t e s  i n  terms o f :

- minimum MSE a rea  and /o r  mixed humus -mine ra l  so i l  a rea  per
patch .

- acceptable  patch p ro f i l e s .

4 .  surveys or p r ac t i ca l  expe r i ence  on  the  pe rcen t  p l an t ab l e  pa t ches  i n
t e rms  o f  t o t a l  p roduced  pe r  hec t a r e  fo r  each  gea r  s e t t i ng  on  loca l
s i t e s  .

5 .  average along-row spac ing  between patches for each gear s e t t i ng  on local
s i t e s  .

For example, i t  i s  known that  80$ of  the patches produced are  p lantable  on a
par t icular  s i t e  and that the along-row spac ing  averages 2 .2  me t res  w i th  t he
17 - too th  gea r  s e t t i ng .  The p l an t ing  p re sc r ip t i on  ca l l s  for 2x2  met re
spac ing  but  a ± 0 .5  m dev ia t i on  i s  a ccep tab l e .  Two thousand  p l an t ab l e
pa t ches  a r e  r equ i r ed .  At the 80$ plantable  r a t e ,  t h i s  requi res  a to ta l  of
2500 patches to  be produced.  Going down the 2500 column un t i l  the along-row
spac ing  o f  2 .2  m i s  met i nd i ca t e s  a r equ i red  d is tance  of  1 .8  met res  between
passe s .  Note that  every t h i rd  row wi l l  have a 1.8-m spac ing ,  the o the r  two
rows have an i n t r i n s i c  spac ing  of  1 .85  me t r e s .



Table  16 .  Required d i s t ance  between passes  for a g iven patch dens i t y  and along-row spac ing .

Range
for Along

PATCHES PER HECTARE (no /ha )

In t e rmed ia t e Row
Gear Spacing

Se t t ing (m) 1900 2000 21 00 2200 2300 2400 2500
Y

2600 2700 2800 2900 3000 3100 3200

1 .6 6 .2 5 .7 5 .2 4 .8 4 .5 4 .0 3 .8 3 .5 3 .2 3 .0 2 .8 2 .6 2 .3 2 .2
1 .7 5 .6 5 .1 4 .7 4 .3 4 .0 3 .7 3 .4 3 .1 2 .8 2 .6 , 2 .4 2 .2 2 .0 1 .8

19 ---------- 1 .8 5 .  1 4 .6 4 .0 3 .9 3 .6 3 .2 3 .0 2 .7 | 2 . 5 2 .3 2 .0 1 .9 1 .7 1 .5
1 .9 4 .6 4 .0 3 .8 3 .5 3 .2 2 .9 2 .6 2 .4 2 .1 1 .9 1 .7 1 .6 1 1 • 4 1 . 2
2 .0 4 .0 3 .8 3 .4 3 .1 2 .8 2 .6 2 .3 2 .1 1 .9 1 . 7 1 .5 1 .3 1 . 1 <1 .0
2 .  1 3 .8 3 .4 3 .1 2 .8 J 2 .5 2 .3 2 .0 1 .8 1 .6 |l 1 .4 1 .2 <1.0

17 ------ 2 .2 3 .5 3 .1 2 .8 2 .5 2 .2 2 .0 1 .8 1 .5 I 1 .4 1 . 2 <1.0
2 .3 3 .2 2 .8 2 .5 2 .2 2 .0 1 .7 1 .5 j 1 .3 1 . 1 <1 .0
2 .  4 2 .9 2 .6 2 .3 2 .0 1 .8 1 .5 1 .3 1 . 1 <1.0

- 2 .5 2 .6 2 .3 2 .0 1 .8 1 .5 I 1 -3 1 . 1 <1 .0
15 ---------- 2 .6 2 .4 2 .  1 1 .8 1 .5 1 . 3 1 . 1 <1.0

2 .7 2 .2 1 .9 1 .6 I 1 .4 1 . 1 <1.0
2 .  8 1 .9 1 .7 ] ! . 4 1 . 2 <1 .0

N5

- Shaded a r ea  de l inea t e s  r eg ion  of 2 met re  p l an t ing  w i th  a l lowable  range ± 0 .5  m

- Dot ted  l i ne  example: 80$ of  patches a re  useable  for p l an t ing ,
t hus ,  2000 p lan tab le  patches/ha  r equ i r e s  2500 to ta l  pa t ches /ha .
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Economic Ana lys i s

Table 17 shows the to ta l  cos t  per  PMH (a s suming  85? u t i l i z a t i on  fo r  bo th
mach ines )  fo r  a Bracke  Cul t iva to r  pu l l ed  by a Timberjack 380 sk idde r  and a
Badger mounted on a Timberjack 550 sk idde r .  Th i s  i nc ludes  f i xed  (own ing ) ,
va r i ab l e  (ope ra t i ng ) ,  and labour cos t s .  The Cu l t i va to r  costs  approximate ly
$14.20 per  PMH whi l e  t he  Badger cos t s  $21.84/PMH. The cos t  d i f f e r ence
between the machines i s  given to  i nd i ca t e  the p roduc t iv i t y  increase  r equ i r ed
us ing  the Badger for s imi l a r  costs  per hec t a r e .  The a s sumpt ions ,  f o rmu la s
and a further breakdown of costs  are  provided in  Appendix C .

In  Case 1 ,  the sk idde r s  are used for both summer s ca r i f i ca t i on  and  win t e r
logg ing .  The assumption i s  made that  there  i s  a need for a large sk idde r  t o
pull  wood in  t he  w in t e r .  Th i s  w i l l  u sua l ly  no t  be t he  ca se  i n  ea s t e rn
Canada. However, bo th  the TJ38O and TJ550 a r e  larger sk idde r s  than those  of
most company f l ee t s .  The harves t ing  s ide  must put up w i th  a higher in ternal
r en t a l  r a t e  t o  u se  t he se  p r ime  movers  i n  sk idd ing  wood or the ex t ra  cos t
could be p l aced  on  the  s ca r i f i ca t i on  ope ra t i on .  The ex t r a  cos t  of  the
la t t e r  has not been inc luded  in  the Case 1 f i gu re s .

In  Case 2 ,  the prime movers and sca r i f i e r s  are  on ly  u sed  in  t he  summer fo r
sca r i f i ca t i on .

The Timberjack 550 sk idde r  has t he  capac i ty  t o  pu l l  anchor  cha ins  i n  t he
win t e r .  The added scheduled  hours for win te r  s ca r i f i ca t i on  are used as Case
3 for the TJ550 on ly .  In  a l l  c a se s ,  i t  i s  assumed tha t  t he  u se r  buys  the
prime mover and the s ca r i f i e r  new.

Table  17 .  Compar i son  o f  cos t  pe r  PMH between  the  Badger and Cu l t i va to r .
Cost  d i f fe rence  exp re s sed  a s  a pe rcen t  of  the  Badger ove r  t he
Cu l t iva to r  .

Cu l t i va to r  & TJ 380

Badger & TJ 550 ' - —

Case 1
$70.99/PMH

Case 2
$85.19/PMH

Case 1 $ 94.16/PMH 33? 11?

Case 2 $113-05/PMH 59? 33?

Case 3 $107.49/PMH 51? 26?
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Table 17 shows the cos t  d i f fe rence  per PMH, expressed  a s  a pe rcen t ,  o f  the
Badger ove r  t he  Cu l t i va to r  when a l l  cases  are compared. I f  i t  i s  assumed
that a 50$ p roduc t iv i ty  increase  can be achieved wi th  the Badger i n  a 3~row
and 2 -me t r e  spac ing  con f igu ra t i on ,  then the cos t  per hectare  can be less  or
more expensive w i th  the Badger depending upon the comparison.  In  a l l  t h r ee
cases  of  the  Badger aga ins t  Cu l t i va to r  Case 2 (summer s ca r i f i ca t i on  on ly )
and in  Case 1 Badger vs Case 1 Cu l t i va to r ,  t he  cos t  pe r  hec t a r e  would  be
cheape r  w i th  t he  Badger .  S imi lar  costs  occur when comparing Case 3 Badger
and Case 1 Cu l t i va to r .  The Badger would  p rove  more expens ive  i n  Case  2
Badger vs Case 1 Cu l t i va to r .  The actual  p roduc t iv i ty  d i f fe rence  under loca l
condi t ions  may change the f ina l  costs  per hectare  and ,  therefore t he  cho ice
of  machine.

The fo l l owing  f ac to r s ,  wh ich  a r e  d i f f i cu l t  t o  quan t i fy ,  mus t  a l so  be
examined before  a choice  of  s ca r i f i e r  i s  made:

- more machines are r equ i r ed  t o  t reat  an equiva lent  to ta l  a r ea  w i th
a 2-row sca r i f i e r  and thus ,  superv is ion  and other overhead charges
may be g rea t e r .

- the Badger has the f l ex ib i l i t y  t o  go t o  1 -metre  spac ing .  This  may
be  an  advan tage  whe re  d i f f e r en t  s i t e s  r equ i r e  d i f f e r en t
p resc r ip t ions  and t r ea tments .

- i f  the prime mover i s  contractor  supp l i ed ,  the ren ta l  r a t e  may be
h ighe r  or l ower  t han  the  f i gu re s  ca lcu la ted  i n  the ana lys is  and
thus ,  the Badger w i l l  be less  or more a t t r ac t i ve .

- t he  Badger cou ld  be u sed  a s  a 2- row sca r i f i e r  s imi l a r  t o  t he
Cul t iva tor  when a larger prime mover i s  not ava i l ab l e .  Th i s  would
inc rease  t he  cos t  pe r  PMH theo re t i ca l l y  by app rox ima te ly  $6
(Badger f i xed  cost  plus Cu l t i va to r  ope ra t i ng  cos t  vs Cu l t i va to r
to ta l  cos t ) .

- sk idde r s  that are cheaper t o  purchase than the two in  the ana lys i s
may be used as  long as  they have su f f i c i en t  power.

- other large  prime movers may be ava i lab le  and ful ler  u se  o f  t he i r
ava i l ab l e  power can  be ach i eved  pu l l i ng  a 3 - row implement.  For
example, a modif ied large forwarder or shortwood ha rves t e r .

- t he  cos t  t o  t r anspo r t  a 3 _ row machine over long  d i s t ances  may be
higher because of  the ex t r a  t ime  to  make i t  ready for t r anspor t .

Required Prime Mover

The 140-kW Timberjack sk idde r  d i sp l ayed  ample power t o  pul l  the Badger i n  a
3- row and  2 -me t r e  spac ing  con f igu ra t i on .  However, the t e r r a in  condi t ions
were exce l len t  and the s tudy team d id  not view the machine on s lopes  greater
than 20$ in  the shor t - term s tudy .
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The drawbar pul l  requirement  of the 2-row Cu l t i va to r  a t  t he  19 - too th  gea r
se t t i ng  was measured by Dalstrôm (1974) .  The mean drawbar pull  was 15-17 kN
wi th  a maximum of  30 kN. The g round  roughness  was c l a s s  3 ,  and  the
s ton ines s  was 1 3 — 75%. The d r iv ing  speed was 69 m/min. The drawbar pul l  of
the Badger has not been measured to  da t e .  However, the force  w i l l  be h igher
than the Cul t iva tor  because of  i t s  add i t i ona l  we igh t .

The Badger w i th  ex tens ion  wings and 3 machine un i t s  has a weight of 3640 kg .
The 15 - too th  gear w i l l  a l so  add to  the r equ i red  drawbar pull  because of  the
longer drag t ime .  The more agg re s s ive  i n t e r changeab le  t ee th  may p rov ide
deeper pene t ra t ion  and r equ i r e  more pull  as we l l .

At a net  power r a t i ng  o f  140-kW, the  T imber j ack  550 was we l l  above  the
manufac tu re r ’ s  spec i f i ed  minimum power r a t i ng  o f  108 kW. The ava i l ab le
r impul l  ( t r ac t i ve  e f fo r t )  i s  a l so  an impor t an t  c r i t e r i a  i n  p r ime  mover
se l ec t i on .  At speeds of 50 m/min, 70 m/min and 90 m/min, the Timberjack 550
generates 101, 78 and 53 kN of ava i lab le  r impu l l  r e spec t ive ly .  Po t en t i a l
p r ime  movers  shou ld  a l so  be judged on the i r  t r ac t ive  e f fo r t .  Attempts to
pul l  the Badger w i th  a prime mover of lower t rac t ive  ef for t  and we igh t  t han
a Timber j a ck  550 have not  been documented.

A Double Cul t iva to r  (4-row model)

In  Sweden ,  a doub le  Bracke  Cu l t i va to r  (4  rows ,  2 -me t r e  spac ing )  was
deve loped  and  t e s t ed  i n  1974 .  A compar i son  o f  the  s ing l e  and  doub le
Cu l t i va to r s  i nd i ca t ed  that  the wider un i t  had economic potent ia l  i n  smooth
and f la t  te r ra in  when the s i ze  o f  t he  cu tove r s  ave raged  10 -20  ha  o r  more
accord ing  to  Dalstrôm (1975) .

The double  un i t  was more s ens i t i ve  t o  s t eep  s lopes  and  rough  t e r r a in  i n
t e rms  of  r educed  d r iv ing  speed  than the s ing l e  Cu l t i va to r .  However, t h i s
was p r imar i ly  a t t r i bu t ed  t o  the des ign  of  the 1974 model which d id  not  al low
independen t  s i deways  movement of each un i t  thus r e s t r i c t i ng  the ab i l i t y  of
the machine t o  nego t i a t e  s lopes  and obs t ac l e s .  As we l l ,  the ea r ly  model was
d i f f i cu l t  to  d ismant le  and se t  up for t ravel  between s i t e s .
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Figure  10 . Double un i t  Cu l t i va to r  i n  ope ra t i on  on SCA ' s l im i t s  i n  Sweden,
1984.

There may be po t en t i a l  for a 4-row machine i n  Canada because  o f  t he  l a rge
ave rage  cu tove r  s i ze  and  l e s s  r e s t r i c t i on  w i th  t r ave l  w id th  on  roads .
However, a l a rge  p r ime  mover would have  t o  be ex t ens ive ly  mod i f i ed  and
equipped wi th  a double-drum winch.
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CONCLUSION

The Badger demonstrated high p roduc t iv i ty  i n  the shor t - term s tudy .  However,
s i t e  condi t ions  were l im i t ed  and the  a r ea s  were  gene ra l l y  ea sy  t o  t r ea t .
The Badger p roduced  a cons is ten t ly  large patch of  mineral  so i l ,  and a h igh
gross mineral  so i l  exposure for a patch s ca r i f i e r .  This  occurred because of
the ea sy  s i t e  condi t ions  and the use of  the 15 - too th  in termedia te  gea r .  The
performance of  the s ca r i f i e r  under d i f f i cu l t  cond i t i ons  was no t  t e s t ed  i n
the  sho r t - t e rm  s tudy  bu t  t he  Badger shou ld  be s imi l a r  t o  t he  Brâcke
Cul t iva tor  i n  terms of s ca r i f i ca t i on  effect iveness  s ince  the machine f r ames
are i den t i ca l .

Although the mechanical  ava i l ab i l i t y  of  the prototype Badger was no t  h igh ,
mos t  of  the  r epa i r  t ime  was caused  by mod i f i ca t i on  t o  the drawbar f rame.
Th i s  has been co r r ec t ed  i n  p roduc t ion  mode l s ,  and  thus ,  mechan ica l
ava i l ab i l i t y  o f  the  Badger  shou ld  be on ly  s l i gh t ly  lower than the Brâcke
Cu l t i va to r  because  o f  the  add i t i ona l  machine  f r ame  r equ i r ed  fo r  3~row
configurat ions  .

The main advantage of  the Badger i s  i t s  ve r sa t i l i t y .  The s ca r i f i e r  can  be
matched  wi th  various s i l v i cu l tu r a l  p resc r ip t ions  and s i t e s .  The Badger can
be used for subsequent  p l an t ing ,  d i r ec t  s eed ing  and  na tu ra l  r egene ra t i on
because  o f  t he  ab i l i t y  t o  va ry  spac ing  and  the  number of  rows .  The
sca r i f i e r  can be further adapted t o  various s i t e s  and s lash  l oad ings ,  and to
p roduce  more  or  fewer  pa t ches  by changing the gearing on the in te rmedia te
sprocket  and by mod i f i ca t i on  t o  reduce s l ippage  of  the rubber t i r e s .

The Badger w i l l  i ncu r  higher hourly cos ts  p r imar i ly  because of  the cap i ta l
cos t  of the larger  prime mover. Companies, such as P r ince  A lbe r t  Pulpwood
tha t  a l r eady  pos se s s  a l a rge r  prime mover, can take economic advantage o f
the add i t iona l  power by us ing  the Badger and inc reas ing  p roduc t iv i t y  over 2-
row sca r i f i e r s .  Cos t s  on  a pe r  hec t a r e  bas i s  can  be l ower ,  s imi l a r  or
h ighe r  w i th  t he  Badger ove r  t he  Brâcke  Cu l t i va to r  depend ing  upon  the
p roduc t iv i t y  d i f f e r ence  and  the  number of hours and uses that can be made
wi th  the prime movers.

A 3-row sca r i f i e r  w i l l  offer  a theore t ica l  p roduc t iv i ty  increase  of  50? over
a 2-row model.  Whether t h i s  can be achieved wi l l  depend p r imar i l y  upon the
fo rward  speed .  On a 3~row mach ine ,  t he  operator may perce ive  that he i s
more p roduc t ive  and  have  a t endency  to  s low  down, t he reby  nega t ing  any
po ten t i a l  p roduc t iv i t y  i nc rea se .  With t h i s  i n  mind, i t  should be po in ted
ou t  t ha t  t r ave l  speed  i s  con t ro l l ed  no t  on ly  by t he  d rawbar  pu l l
requirements  of the s ca r i f i e r  and the ava i lab le  power of the prime mover but
a l so  by factors such as ground condi t ions  and s lope .  Moreove r ,  t he  g round
roughness  i s  impor t an t  because  i t  a f f ec t s  the  r i de  of  the ope ra to r ,  who
then adjus ts  the speed to  an acceptable  comfort l eve l .  What shou ld  no t  be
ove r looked ,  a s  i t  i s  o f  ma jo r  impor t ance ,  i s  t ha t  t he  qua l i t y  o f  t he
mic ros i t e  i s  a f fec ted  by s ca r i fy ing  speed .  Therefore ,  t he re  a r e  l im i t s  t o
the  t r ave l  speed  which  can be accepted  when one considers  the ob j ec t i ve  of
the  optimum p roduc t ion  o f  qua l i t y  mic ros i t e s .  The Badger can  o f f e r  a
p roduc t iv i t y  i nc rea se  wh i l e  t r ave l l i ng  a t  t he  optimum t r ave l  speed
prov id ing  improved sca r i f i e r  e f fec t iveness  and operator comfort compared to
a 2-row machine.
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APPENDIX A

TECHNICAL DATA ON THE MACHINE

Bracke Badger

3 mattock wheels  wi th  4 pa i r s  of
t ines  per wheel
10 cm, replaceable tee th
3640 kg
30 x 60, 12-ply
minimum 108 kW

Mattock wheels

Tine width
Weight
Tires
Required prime mover

Options - seeders

-15 -  17-  and 19~tooth  sp rocke t s  fo r  changing patch l eng th  and
number per hectare - ava i lab le  i n  gear pairs  (15-17) (15-19) (17-
19) .

- mattock wheels with 5 pa i r s  of t i ne s .

Price: $56,000. 00 F.O.B. Thunder Bay

Manufacturer Distr ibutor

Robur Maskin AB
Gransgatan 42
S-840 60 Bracke
Sweden

KBM Forestry Consultants Inc .
360 Mooney S t .
Thunder Bay, Ontario
P7B 5R4

Prime Mover

Timber jack 550 Cable Skidder

model net flywheel power
6V-53N 1 40 kW

make
GM

engine

power t r a in  - s ing le  stage torque converter
- 4 speed powershift transmission
- t ravel  speeds (km/h) with 24. 5- 32 t i r e s

1s t  2nd 3rd 4th
6.9 1 4.1 24.8 34.4

Weight: 13,200 kg
Ti res :  30.5 x 32
Chains: studded chains on al l  4 wheels.

Fur ther  spec i f i ca t i ons  ava i l ab l e  upon r eques t  f rom manufac tu re r s  o r
d i s t r ibu tors  .
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APPENDIX B

DEFINITION OF TIME ELEMENTS AND TERMINOLOGY

LONG-TERM STUDY

DEFINITION OF MACHINE TIME ELEMENTS

SCHEDULED MACHINE HOURS (SMH): Nominal s t a t emen t  of  i n t en t  fo r  r egu la r
machine ac t i v i t y  ( e .g . ,  8-hour sh i f t ) .  I t  usua l ly  corresponds  to  ope ra to r ' s
pa id  on - job  t ime .

PRODUCTIVE MACHINE TIME or  PRODUCTIVE MACHINE HOURS (PMH): That part  of
To ta l  Machine  Time du r ing  which  t he  mach ine  i s  pe r fo rming  i t s  p r imary
func t ion .

ACTIVE REPAIR: Repair  i s  mending or  replacement  of pa r t ( s )  owing to  f a i l u r e
o r  ma l func t ion .*  I t  a l so  i nc ludes  mod i f i ca t i ons  or improvements  to  the
machine.

SERVICE: Serv ice  i s  rou t ine  and prevent ive  maintenance performed to  r e t a in
the machine i n  s a t i s f ac to ry  opera t iona l  cond i t i on .

DELAY: Tha t  part  of Scheduled Machine Time dur ing  which the machine i s  not
performing i t s  primary func t ion  fo r  r ea sons  o the r  t han  ac t i ve  r epa i r  and
se rv i ce .  Delay t ime  i s  d iv ided  in to :

NON-PRODUCTIVE OPERATING TIME: Per iod  of  i n - sh i f t  t ime du r ing  which
the  mach ine ' s  eng ine  i s  r unn ing  but the machine i s  doing something
other than i t s  primary func t ion .

WAITING FOR MECHANIC(S): Per iod  of  i n - sh i f t  t ime dur ing  which the
mach ine  i s  b roken  down and  i s  no t  unde r  r epa i r  because  o f  t he
unava i l ab i l i t y  of  mechan ic ( s ) .

WAITING FOR PART(S): Per iod  o f  i n - sh i f t  t ime  du r ing  wh ich  t he
mach ine  i s  b roken  down and  i s  no t  unde r  r epa i r  owing to  the
unava i l ab i l i t y  of  pa r t ( s ) .

MISCELLANEOUS DELAY: Per iod  o f  i n - sh i f t  t ime  du r ing  which  t he
machine engine  i s  not running  for r ea sons  o the r  t han  ac t i ve  and /o r
wa i t i ng  for  r epa i r s  and se rv i ce .
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TOTAL MACHINE TIME MODEL

Product ive  Machine Time*
TOTAL

MACHINE

TIME

(Normal Sh i f t

Length

plus

Overtime)

Active Repai r

Active Serv ice

D
e

1

a

y

s

Non-Productive
Opera t ing  Time

Wait For Mechanic ( s )

Wait For Pa r t ( s )

Miscel laneous  Delays

* Breakdown o f  t ime  e l emen t s  fo r  sho r t - t e rm  t iming  i s  g iven  in
Table  5 .

MACHINE TIME FORMULAS

PMH ( In -Sh i f t )  x 10Q
SMHUt i l i za t i on  =

PMH ( In -Sh i f t  and Out -  o f -Sh i f t )
SMH + Overtime x 100Total Time Ut i l i z a t i on

PMH
PMH + Repai rs  + Service  XMechanical Ava i l ab i l i t y

(PMH, Repa i r s
ac t i v i t i e s )

and  Se rv i ce  i nc lude  bo th  i n - and  ou t -o f - sh i f t

(Repai r  + Service + Wait (Pa r t s + Mechanic)) x
QMU

CPPA Ava i l ab i l i t y  = —
SMH

(Repai r  and Se rv ice  inc ludes  only i n - sh i f t )

PMH = Product ive  machine hours
SMH = Scheduled machine hours
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CPPA Ava i l ab i l i t y ,  by de f in i t i on ,  i s  i n f luenced  no t  on ly  by mach ine
cha rac t e r i s t i c s  but a l so  by opera t iona l  factors ( i . e .  wa i t i ng  for pa r t s ,  o r
wa i t i ng  fo r  mechan ic ) .  Mechan ica l  Ava i l ab i l i t y ,  by de f in i t i on ,  exc ludes
these opera t iona l  f ac to r s .

Fo r  de t a i l s  r ega rd ing  de f in i t i ons  o f  mach ine  t ime  e l emen t s  and  da t a
co l l ec t ion  p rocedures ,  r e fe r  t o  Folkema e t  a l .  ( 1981) .

SHORT-TERM STUDY

The Product ive  Machine Hours (PMH) recorded  in  t he  con t inuous  t im ing  were
broken down in to  the fo l lowing  e l emen t s .

Ef fec t ive  Produc t ive  Time EPT (Sca r i fy )  - beg ins  when the  implement  i s  i n
the  so i l  and  the  p r ime  mover beg ins  fo rward  t r ave l .  The EPT can  be
subd iv ided  in to  w inch ing  i f  t he  imp lemen t  i s  equ ipped  wi th  a qu i ck
d i sconnec t  h i t ch  and  the re  i s  e f f ec t i ve  s ca r i f i ca t i on  occu r r ing  wh i l e
winching .

Manoeuvre (Turn) - occurs  when the s ca r i f i e r  has f i n i shed  a pass to  begin  a
turn and un t i l  the s ca r i f i e r  begins the next  pa s s .  This  element may include
ra i s ing  t he  imp lemen t  o f f  the  g round ,  t u rn ing ,  and  then  lower ing  the
implement.  With the Badger, the implement i s  kept on the ground so  that the
e l emen t  i nc ludes  the t ime  loop ing  from when the pass i s  completed un t i l  the
sca r i f i e r  i s  a l igned  fo r  t he  nex t  pa s s .  I f  the  winch  i s  u sed ,  t he  t ime
f r ee - spoo l ing  and  winch ing  i s  i nc luded  e spec i a l l y  i f  ove r  p r ev ious ly
sca r i f i ed  a rea  and a t  a narrow ang le .

Manoeuvre i s  b roken  down in to  the type of  turn :  run-by-run,  ope ra t i on  i n
lands pa t t e rn ,  or broken pa t t e rn .

Obs t ac l e  - t h i s  t ime  beg ins  when the  s ca r i f i e r  s t ops  because  o f  an
obs t ruc t ion  un t i l  s ca r i f i ca t i on  resumes .  Sub-elements are s tuck ,  t r ave l l ing
fo rward  wh i l e  t he  implement i s  r a i s ed  or be ing  f ree-spooled  and t r ave l l i ng
in  r eve r se .  Subsequent winching i s  i nc luded  in  obs t ac l e  or  EPT depend ing
upon the  e f f ec t i venes s  of the s ca r i f i ca t i on  wh i l e  winching .  Obs tac le  t imes
are c l a s s i f i ed  as  prime mover caused  o r  implement  caused  and  the  t ype  o f
obs t ruc t ion  i s  no t ed .

T rave l  - i s  the t ime  spen t  t r ave l l i ng  i n  t he  b lock  or  t o  t he  roads ide
be tween  b reaks ,  and  r epa i r s .  I t  a l so  inc ludes  t rave l l ing  between s i t e s  i f
less  than 15 minu te s .

De lay  - i nc ludes  t hose  be tween  0 .05  min.  and 15 min.  Delays over 15 min .
were not  cons idered  part  of product ive  t ime .  Delay i s  any downtime and non-
product ive  opera t ing  t ime .
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APPENDIX C

COST ANALYSIS AND ASSUMPTIONS

The CPPA cos t ing  model has been used to  analyze the combinat ions of a Badger
mounted on  a Timber  j a ck  550 and a Bracke Cul t iva to r  pu l l ed  by a Timberjack
380. Est imated machine costs  are  on  a PMH bas i s .  Costs  per hectare  are  not
g iven  bu t  can  be ca l cu l a t ed  by d iv id ing  the various total machine costs  by
the p roduc t iv i t y .  For example, the Badger u sed  in  bo th  summer and  win t e r
sca r i f i ca t i on  (Case 3 ) ,  and a t  a p roduc t iv i ty  of  1 .81 ha/PMH (Area 2) would
re su l t  i n  a cos t  of $59.39 per  hec ta re .

Ca lcu l a t i on  of  Machine Cos t s

Bracke CULTIVATOR

Machine L i f e :  10  a
Scheduled Hours /a :  800

Purchase P r i ce :  ( de l i ve red )  $39,000

Salvage Value:  0
Insurance:  $390/a
Ut i l i z a t i on :  85%

I .  Fixed Cos t s :

Deprec ia t ion  ( s t r a igh t  l i ne )
In te res t  Ra te :  1 5%
Insurance:  1% (of  purchase p r i ce )

Total Fixed Coat/PMH: $11.04

I I .  Var i ab le  Cos t s :
Repai r  + Maintenance: 50%
(% of  purchase p r i ce  over l i f e  of  machine)
T i r e  Replacement P r i ce :  $1000
Ti re  L i f e  : 4000 h

Total  Var iable  Cost/PMH: $3-16

TOTAL COST/PMH: $14.20

Bracke BADGER

Machine L i f e :  10  a
Scheduled Hours /a :  800

Purchase P r i ce :  ( de l i ve red )  $60,000
Salvage Value: 0
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I .  Fixed Cos t s :
Deprec ia t ion  ( s t r a igh t  l i ne )
In teres t  Ra t e :  15?
Insurance:  1?  (of purchase p r i ce )

Total Fixed Cost/PMH: $16.99

I I .  Variable Cos t s :
Repai r  and Maintenance: 50?
T i r e  Replacement P r i ce :  $1000

Ti re  L i f e :  4000 h

Total  Var iab le  Cost/PMH: $4.85

TOTAL COST/PMH: $21.84

TJ 380 SKIDDER

Case 1 . Summer Sca r i f i ca t i on  and Winter Skidding

Machine L i f e :  5 a
Scheduled Hours /a :  800 sca r i f i ca t i on

960 sk idd ing

1760

Case 2 .  Summer Sca r i f i ca t i on  Only

Machine L i f e :  1 0 a
Scheduled Hours /a :  800

Purchase P r i ce :  $90,000 ( i nc l .  30 .5  x 32 t i r e s ,  t axes ,  t r anspor t )

Salvage Value: $9000 (10? of  purchase p r i ce )

Ut i l i z a t i on :  85?

I .  Fixed Cos t s :
Deprec ia t ion  ( s t r a igh t  l i ne )
In te res t  Ra t e :  15?
Insurance:  1?  (of  purchase p r i ce )

Total Fixed Cost/PMH Case 1 :  $17.21
Case 2 :  $25.05

I I .  Var iab le  Cos t s :
Repai r  and Maintenance: Case 1 :  60?
(?  of  purchase p r ice  over l i f e  of machine) Case 2 :  75?

Fuel Consumption (du r ing  s ca r i f i ca t i on  ope ra t i ons ) :  17  L/PMH
Fuel Cos t :  0 .40  $/L
Lubes and Oi l :  30? of  fuel  cost/PMH
Ti re  Rep lacemen t  P r i ce  (pe r  30 .5  x 32 t i r e  w i th  doub le -d i amond
cha ins ) :  $5000.
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Ti re  L i f e :  Case 1 3000 h
Case 2 2000 h

Total  Var i ab le  Cost/PMH Case 1 :  $21 .23
Case 2 :  $27.59

I I I .  Labour Cos t :
($12.00/SMH plus 30? f r i nge )  Total Labour Cost/PMH: $18.35

TOTAL COST/PMH Case 1 :  $56.79
Case 2 :  $70.99

TJ 550 SKIDDER

Case 1 . Summer Sca r i f i ca t i on  and Winter Skidding

Machine L i f e :  5 a
Scheduled Hours /a  800 sca r i f i ca t i on

960 sk idd ing
1760

Case 2 .  Summer Sca r i f i ca t i on  Only

Machine L i f e :  1 0 a
Scheduled Hours /a :  800

Case 3 .  Summer and Winter Sca r i f i ca t i on

Machine L i f e :  7 a
Scheduled Hours /a :  800 summer

350 winter
1150

Purchase P r i ce :  $1 30 ,000  ( i nc lud ing  30 .5  x 32 t i r e s  w i th  double-diamond
cha ins ,  t axes ,  t r anspo r t ) .

Salvage Value: $13,000
Ut i l i z a t i on :  85?

I .  Fixed Cos t s :
Deprec ia t ion  ( s t r a igh t  l i ne )
In te res t  Ra t e :  15?
Insurance:  1?  (of  purchase  p r i ce )

Total Fixed Cost/PMH Case 1 i $24.85
Case 2 : $36.18
Case 3 : $30.68

I I .  Var iab le  Cos t s :
Repai r  and Maintenance: Case 1 60?
(?  of  purchase p r i ce
over l i f e  of  machine)

Case 2 and 3 75?
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Fuel Consumption (on sca r i f i ca t ion  operat ion):  26 L/PMH
Fuel Price:  0.40 $/L
Oil and Lubes: 30$ of fuel cost/PMH
Tires  Replacement Price (per 30.5 x 32 t i r e  with

double-diamond chains):  $5000.
Tire Life:  Case 1 : 3000 h

Case 2 and 3: 2000 h

Total Variable Cost/PMH Case 1 :
Case 2:
Case 3:

I I I .  Labour Cost:
$12.00 per SMH plus 30% fr inge

Total Labour Cost/PMH:

TOTAL COST/PMH Case 1 :  $72.32
Case 2: $91 .21
Case 3: $85.65

Equations for Cost Analysis:

Fixed Costs (FC) a re  calculated using the equation

(PP  --~ S--- x ( 1 + 1 _ - 1)  ) + SV x i + IC + LC
ML 2

FC = ----------------------------------------------------------------------
SMHY x U

where: PP = purchase price ($)
SV = salvage value ($)
ML = machine l i f e  (years)
SMHY = scheduled machine hours per year
i = in teres t  ra te  (.%)
U = u t i l i z a t i on  ( .%)
IC = insurance cos t  per year ($)
LC = l i cense  cost  per year ($)

$29.12
$36.68
$36. 61

$18.35

Variable costs  (VC) a re  calculated using the equation

N x CC x (ML x SMHY - CL)— —— — — — + KLL

VC = + F’C* y PP *i
ML x SMHY x U h OLC

where: N = number of components per machine
CC = component cos t  ($)
CL = component l i f e  (SMH)
RCL = l i f e t ime  r epa i r  costs  ($)
FC = fuel consumption (volume/hour )
FP = fuel price ($/volume)
OLC = o i l  and lubr icant  costs  ($/hour)
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Labour costs (LC) are calculated using the equation

OW + H x HW
LC -------g

where: OW = operator's wages ($/SMH)
H = number of helpers
HW = helper's wages ($/SMH).

Total costs (TC) are the sum of fixed, variable and labour costs.

TC = FC + VC + LC
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APPENDIX D

CONVERSION TABLE

1 mm (mi l l ime t r e ) = 0 .039  inch

1 cm (cen t ime t r e ) - 0 .39  inch

1 m (metre) = 3 «28 feet

1 km (k i lome t r e ) = 0 .62  mi l e

1 ha (hec t a r e ) = 2 .4?  acres

1 L ( l i t r e ) = 0 .22  Imperia l  gal lon
0 .26  US ga l lon

1 kg (ki logram) = 2 .20  pounds

1 kPa (k i l opasca l ) = 0 .145  pounds  pe r  squa re  inch
(ps i  )

1 kW (k i lowa t t ) = 1 .34  horse-power

1 kN (ki lonewton) = 0 .2248 k ips  (1 k ip  = 1000  lb s
force )
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