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T h e c o n v ersi o n of r o a dsi d e h ar v esti n g

r esi d u es, or sl as h, t o f u el s uit a bl e f or p o w er
b oil ers h as n ot b e e n a pri orit y f or f or est
c o m p a ni es i n w est er n C a n a d a. Wit h r e c e nt
i n cr e as es i n t h e c ost of n at ur al g as, usi n g
l o g gi n g r esi d u es c o ul d b e c o m e m or e c ost-
eff e cti v e. H ar v esti n g r esi d u es h a v e b e e n
s al v a g e d f or p ul p c hi ps ( D ys o n 2 0 0 2) a n d
v ari o us  ot h er  pr o d u cts  ( Si n cl air  1 9 8 4).
D esr o c h ers et al. ( 1 9 9 5) r e p ort e d o n dr u m
c hi p pers re c o veri n g r o a dsi de sl as h f or e ner g y
i n e ast er n C a n a d a a n d n ort h e ast er n U nit e d
St at es. H u nt ( 1 9 9 4) d o c u m e nt e d c hi p p ers
w or ki n g i n Al b ert a o n r o a dsi d e r esi d u es t o
re d u ce fire h az ar d a n d cle ar pl a nti n g are as.

I n t h e s pri n g of 2 0 0 1, Al b ert a- Pa cifi c
F or est I n d ustri es I n c. i n B o yl e, Al b ert a,
i niti at e d a st u d y o n c o n v erti n g r e c o v er e d
l o g gi n g sl as h i nt o h o g f u el f or e n er g y i n its
p ul p mill o p er ati o n. T h e c o m p a n y as k e d
F E RI C t o m o nit or f o ur e q ui p m e nt c o m bi-
n ati o ns us e d t o r e c o v er a n d pr o c ess v ari o us
t y p es of resi d u es. T his re p ort d o c u m e nts t h e
pr o d u cti vit y a n d c ost r es ults of t h e tri al a n d
c h ar a ct eriz es t h e h o g f u el pr o d u c e d.

       
T h e o bj e cti v es of t his st u d y w er e t o:

• D eter mi ne s yste m pr o d ucti vit y, c ost per
deli vere d t o n ne of h o g f uel, a n d c ost per
u nit of e n er g y.

• A n al yze t he h o g f uel t o deter mi ne m ois-
t ure a n d as h c o nte nts, a n d cal orific val ue.

• I d e ntif y f a ct ors aff e cti n g t h e pr o d u cti v-
it y of t h e s yst e ms.

      
S hift-le vel data were c ollecte d f or t he h o g

mill a n d e xca vat or o n se ve n st u d y bl oc ks. Ti me
s p e nt b y t h e a u xili ar y e q ui p m e nt assisti n g
t h e s yst e m w as als o r e c or d e d o n a bl o c k- b y-
bl o c k b asis. T h e l o a di n g of h o g f u el i nt o
v a ns w as ti m e d a n d w ei g hts of t h e h o g f u el
pr o d uce d were o btai ne d fr o m Al berta- Pacific’s
wei g h sc ale. Wor k s a m ple d at a w ere c ollecte d
f or t h e h o g mill a n d e x c a v at or t o e x a mi n e
t h e w or ki n g r el ati o ns hi p b et w e e n t h e t w o
mac hi nes.

S a m pl es of t h e d eli v er e d h o g f u el w er e
t a k e n aft er t h e tr u c ks w er e u nl o a d e d at
Al berta- Pacific’s p ul p mill. F E RI C pers o n n el
s a m pl e d f or p arti cl e si z e a n d s et asi d e a
s u b-s a m pl e f or m oist ur e a n d as h c o nt e nts
a n d he ati n g val ue a n al ysis at Al bert a- Pacific’s
l a b or at or y.
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T h e F or est E n gi n e eri n g Res e ar c h I nstit ut e of C a n a d a ( F E RI C) a n d Al b ert a- Pa cifi c
F or est I n d ustri es I n c. e x a mi n e d t h e f e asi bilit y of re c o veri n g l o g gi n g sl as h a n d c o n v erti n g
it t o p o w er b oil er f u el ( h o g f u el). T his re p ort pres e nts h o g gi n g pr o d u cti vit y a n d c osts,
h o g d eli v er y c osts, h o g f u el q u alit y, a n d c ost c o m p aris o ns wit h n at ur al g as.

       

Fi bre re c o ver y, L o g gi n g r esi d u es, F orest resi d u es, Sl as h tr e at m e nt, B oil er f u el, H o g
f u el, Pr o d u cti vit y, C osts, Al b ert a.
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5 8 0 b o ul. St- J e a n     2 6 0 1 E a st M all
P oi nt e- Cl air e, Q C, H 9 R 3 J 9     V a n c o u v er, B C, V 6 T 1 Z 4

( 5 1 4) 6 9 4- 1 1 4 0

( 5 1 4) 6 9 4- 4 3 5 1
a d mi n @ mtl.f eri c. c a

( 6 0 4) 2 2 8- 1 5 5 5

( 6 0 4) 2 2 8- 0 9 9 9

a d mi n @ v cr.f eri c. c a

     
         i s p u bli s h e d s ol el y t o di s s e mi n at e i nf or m ati o n t o F E RI C’ s m e m-
b er s a n d p art n er s. It i s n ot i nt e n d e d a s a n e n d or s e m e nt or a p pr o v al of a n y
pr o d u ct or s er vi c e t o t h e e x cl u si o n of ot h er s t h at m a y b e s uit a bl e.

 C o p yri g ht  2 0 0 3.  Pri nt e d  i n  C a n a d a  o n r e c y cl e d p a p er.

I S S N 1 4 9 3- 3 3 8 1

             
To deter mi ne t he effect of tr a ns p ort ati o n

dist a nce o n h o g f uel c ost, t he st u d y w as d o ne
at t w o l o c ati o ns. Sit e 1 w as 6 k m fr o m t h e
p ul p mill, a n d Sit e 2 w as 8 5 k m a w a y. T h e
st u d y als o e x a mi n e d h o w t h e c o n diti o n of
t he r esi d ues ( Ta ble 1) affe cte d t he pr o cessi n g

a n d c h ar a cteristi cs of t he h o g f uel pr o d u ce d.
Site 1 i n cl u de d t hree c ut bl o c ks a n d sl as h w as
fres h, i.e., h ar veste d si x m o nt hs e arlier i n t he
wi nter. T he slas h was ali g ne d al o n g t he acc ess
r o a ds, a n d i n o ne c ut bl o c k, per pe n di c ul ar t o
t he r o a d i n piles. At Site 2, t he f o ur c ut bl oc ks
c o nt ai n e d  sl as h  o n e  t o  f o ur  y e ars  ol d.
C o nif er o us a n d d e ci d u o us r esi d u es w er e
pr o c ess e d s e p ar at el y at Sit e 1, a n d mi x e d-
s p e ci es r esi d u es w er e pr o c ess e d at Sit e 2.

I n all c as es, a 3 4 3- k W Pet ers o n Pa cifi c
H C 2 4 0 0 p ort a bl e h o g mill w as s u p p ort e d
b y a Hitac hi E X 2 0 0 L C- 5 e xca vat or ( Fi g ure 1)
w hi c h f e d r esi d u es i nt o t h e h o g mill a n d
l o a d e d h o g f u el o nt o tr u c ks. At Sit e 1, a
K o m ats u W A 3 8 0- 3 fr o nt- e n d l o a d er wit h a
l o g gr a p pl e w as us e d i nt er mitt e ntl y t o
f or w ar d resi d u es t o t h e e xc a v at or. At Sit e 2,

Fi g ur e 1. Hit a c hi
E X 2 0 0 L C- 5
e x c a v at or l o a di n g
i nf e e d d e c k of t h e
P et er s o n P a cifi c
H C 2 4 0 0 h o g mill.

St u d y l o c ati o n  R e si d u e c o n diti o n, t y p e, a n d pl a c e m e nt a H ar v e sti n g e q ui p m e nt

  Sit e 1
    Bl o c k 1 Fr e s h, mi x e d s p e ci e s, P/ B P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or,

wit h or wit h o ut K o m at s u fr o nt- e n d l o a d er

Fr e s h, c o nif er o u s, P/ R P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or,
wit h or wit h o ut K o m at s u fr o nt- e n d l o a d er

Fr e s h, d e ci d u o u s, P/ R P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or,
wit h or wit h o ut K o m at s u fr o nt- e n d l o a d er

    Bl o c k 2 Fr e s h, d e ci d u o u s, P/ R P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or
K o m at s u fr o nt- e n d l o a d er

    Bl o c k 3 Fr e s h, c o nif er o u s, P/ R P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or

Fr e s h, d e ci d u o u s, P/ R P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or

  Sit e 2
    Bl o c k 1 1 y e ar ol d, mi x e d s p e ci e s, W/ R P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or

C at er pill ar e x c a v at or, Ti m b erj a c k f or w ar d er

    Bl o c k 2 2 y e ar s ol d, mi x e d s p e ci e s, W/ R P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or
C at er pill ar e x c a v at or, Ti m b erj a c k f or w ar d er

    Bl o c k 3 3 y e ar s ol d, mi x e d s p e ci e s, W/ R P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or
K o m at s u cr a wl er tr a ct or

    Bl o c k 4 4 y e ar s ol d, mi x e d s p e ci e s, W/ R P et er s o n P a cifi c h o g mill, Hit a c hi e x c a v at or
K o m at s u cr a wl er tr a ct or

                                      

a P/ B: pil e s wit hi n bl o c k,    P/ R: pil e s at r o a d si d e,    W/ R: wi n dr o w s at r o a d si d e.
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a Ti m b erj a c k 2 3 0 A f or w ar d er w as l o a d e d b y
a C at er pill ar 2 2 5 e xc a v at or ( Fi g ur e 2) i n t h e
t w o c ut bl oc ks c o nt ai ni n g o ne- a n d t w o- ye ar-
ol d r esi d u es, a n d f or w ar d e d m at eri al t o t h e
pri m ar y m a c hi n es. At t h e r e m ai ni n g t w o
c ut bl oc ks at Site 2, a K o m ats u D 6 5 E cr a wler
tr a ct or ( Fi g ure 3) c o nstr u ct e d pil es fr o m t h e
s ettl e d wi n dr o ws.

T he Peters o n Pa cifi c h o g mill’s r ot or h a d
b e e n m o difi e d b y a d di n g t e n us e d f ell er-
b u n c h er  s a w  t e et h  t o  c o m pl e m e nt  t h e
st a n d ar d s et of 2 4 c utt ers ( Fi g ur e 4). To
f a cilit at e m o vi n g t h e h o g mill at t h e sit e, a
j e e p l at c h e d o nt o t h e fift h w h e el pi n of
t h e h o g mill t o all o w t h e e x c a v at or t o t o w it
fr o m pil e t o pil e ( Fi g ur e 5).

A K e n w ort h tr a ct or a n d a 1 0 3 m 3  tr ail er
v a n wit h a w al ki n g fl o or h a ul e d t h e h o g f u el
t o Al b ert a- Pa cifi c’s mill sit e, w h er e it w as
u nl oa de d a n d mi xe d wit h h o g f uel fr o m ot her
s o ur c es. O n e tr ail er w as h ot l o a d e d i niti all y
b ut t his pr ocess w as dee me d t o be i nefficie nt.
S u bs e q u e ntl y,  t h e  h o g g e d  m at eri al  w as
st o c k pil e d  a n d  l o a d e d  o ut  at  irr e g ul ar
i nt er v als or at t he e n d of pr ocessi n g i n t he are a.

     

            

T h e r es ults of t h e s hift-l e v el st u d y ar e
s u m m ariz e d i n Ta bl e 2. I n t h e first c ut bl o c k
at Sit e 1, t h e fr o nt- e n d l o a d er di d n ot
c o ntri b ut e  a p pr e ci a bl y  t o  t h e  s yst e m’s
pr o d u cti vit y. W h er e mi xe d-s p e ci es r esi d u es
w er e i n pil es p er p e n di c ul ar t o t h e r o a d a n d
wit hi n t h e c ut bl o c k, pr o d u cti vit y w as 4. 6
b o n e dr y t o n n es ( B Dt) p er pr o d u cti v e m a-
c hi n e  h o ur  ( P M H)  w h e n  t h e  fr o nt- e n d
l oa der was use d, c o m pare d t o 4. 9 B Dt/ P M H
wit h o ut t h e fr o nt- e n d l o a d er. Pr o d u cti vit y
w as b ett er w h e n c o nif er o us r esi d u es pil e d at
r o a dsi d e w er e pr o c ess e d usi n g t h e fr o nt- e n d
l o a d er, at 1 0. 1 c o m p are d t o 4. 7 B Dt/ P M H
wit h o ut t h e l o a d er. Pr o d u cti vit y i n d e ci d u-
o us pil es w as 7. 3 a n d 9. 0 B Dt/ P M H wit h
a n d wit h o ut t he fr o nt e n d l oa der, res pecti vel y.

I n t he sec o n d c ut bl oc k, w hic h c o nt ai ne d
fres h deci d u o us piles at r oa dsi de, pr o d ucti vit y
i m pr ove d t o 1 2. 6 B Dt/ P M H. Wor ki n g al o ne

Fi g ur e 2.
C at er pill ar 2 2 5
e x c a v at or l o a di n g
Ti m b erj a c k 2 3 0 A
f or w ar d er wit h 2-
y e ar- ol d r e si d u e s.

Fi g ur e 3. K o m at s u
D 6 5 E cr a wl er
tr a ct or pili n g 3-
y e ar- ol d r e si d u e s
f or pr o c e s si n g.

Fi g ur e 4. D et ail of
P et er s o n P a cifi c
h o g mill r ot or.
U s e d f ell er-
b u n c h er s a w t e et h
w er e a d d e d.

i n t h e t hir d c ut bl o c k, t h e h o g mill a n d
e x c a v at or a c hi e v e d pr o d u cti viti es of 9. 6 a n d
9. 2 B Dt/ P M H i n t h e r o a dsi d e c o nif er o us
a n d d e ci d u o us pil es, res p e cti vel y.

At Sit e 2, i n t h e bl o c ks wit h t h e a g e d
re si d u e s,  p r o d u cti viti e s  of  1 0. 8  a n d
2. 0  B D t / P M H  w e r e  a c hi e v e d  w h e n

Fi g ur e 5. Hit a c hi
E X 2 0 0 L C- 5
e x c a v at or m o vi n g
t h e h o g mill u si n g
a j e e p.
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pr o c essi n g  t h e  o n e-  a n d  t w o- y e ar- ol d
m at eri al, r es p e cti v el y. T h e f or w ar d er a n d
e x c a v at or assiste d b y st o c k pili n g t he resi d ues
f or t he pri mar y e q ui p me nt. W he n pr ocessi n g
i n t h e t hr e e- a n d f o ur- y e ar- ol d sl as h pil e d
b y t h e cr a wl er tr a ct or, t h e s yst e m r e aliz e d
pr o d u ct-i viti es of 5. 5 a n d 1 4. 8 B Dt/ P M H,
res pe cti vel y.

M o vi n g t h e h o g mill b et w e e n pil es
affe ct e d pr o d u cti vit y. At Sit e 1, m o vi n g
r e pr es e nt e d 1 1 – 2 3 % of pr o d u cti v e ti m e
wit h o ut t h e fr o nt- e n d l o a d er’s assist a n c e
a n d 4 – 1 2 % wit h t h e m a c hi n e’s assist a n c e.
Bec a use l o n ger m o ves were re q uire d at Site 2
w h er e t h e sl as h w as fr o m o n e t o f o ur y e ars
ol d, m o vi n g ti m e r a n g e d fr o m 2 4 t o 4 0 %
of pr o d u cti v e ti m e. N o fr o nt- e n d l o a d er
assist a n c e w as pr o vi d e d at Sit e 2.

T h e d ur ati o n of e a c h m a c hi n e/r esi d u e
c o m bi n ati o n w as s h ort. T h er ef or e, b ot h

m e c h a ni c al a n d n o n- me c h a ni c al del a y ti mes
were s u m me d a n d a p p orti o ne d a c c or di n g t o
t h e t ot al pr o d u cti v e m a c hi n e h o urs f or e a c h
c o m bi n ati o n. Mec h a nic al del a ys re prese nte d
5 2 % of t he t ot al del a y ti me f oll o we d b y n o n-
m e c h a ni c al d el a ys at 3 7 % a n d m ai nt e n a n c e
at 1 1 %. T he wait parts ti me re prese nte d 3 1 %
of t ot al del a y ti me. T his del a y w as ass ociat e d
wit h a b e ari n g r e p air t o t h e i nf e e d d e c k o n
t he Peters o n Pa cifi c h o g mill, w hi c h, t h o u g h
n ot s h o w n i n t h e d at a, w as r es p o nsi bl e f or
t he l oss of a c o m plete s hift. T he m ai nte n a n c e
ti m e i ncl u de d f ueli n g, war mi n g u p, greasi n g,
a n d c ha n gi n g bits, a n d see ms l o w f or a ge n er all y
hi g h m ai nt e n a n c e m a c hi n e li k e a h o g mill.
Wit h t his s yste m, t he e xca vat or was t he pri me
mac hi ne a n d w he n it was u na vaila ble, t he h o g
mill c o ul d n ot o perate. T heref ore, mai nte na nce
o n t h e h o g w as fr e q u e ntl y d o n e w h e n t h e
e xca vat or was l oa di n g h o g f uel o n t o t he tr uc ks.

                                              

a F E L: fr o nt- e n d l o a d er,    P/ B: pil e s wit hi n bl o c k,    P/ R: pil e s at r o a d si d e,    W/ R: wi n dr o w s at r o a d si d e.
b C o st s f or e q ui p m e nt ot h er t h a n t h e P et er s o n P a cifi c h o g mill a n d t h e Hit a c hi e x c a v at or h a v e b e e n pr or at e d b a s e d

o n a ct u al h o ur s w or k e d.

N o n- S y st e m
Pr o d u cti v e ti m e pr o d u cti v e ti m e Pr o d u cti vit y c o st b

( h ) ( h ) ( B Dt) ( B Dt/ P M H) ( $/ P M H)

Sit e 1
Bl o c k 1

P/ B, mi x e d s p e ci e s, n o F E L 1 1. 3 2 1 5. 5 7 5 5. 7 4. 9 1 9 6. 5 4
P/ B, mi x e d s p e ci e s, wit h F E L 5. 8 1 7. 8 6 2 7. 0 4. 6 2 8 6. 1 7

P/ R, c o nif er o u s, n o F E L 3. 7 7 5. 6 9 1 7. 9 4. 7 1 9 6. 5 4
P/ R, c o nif er o u s, wit h F E L 4. 8 0 6. 9 0 4 8. 3 1 0. 1 2 8 6. 1 7

P/ R, d e ci d u o u s, n o F E L 1 7. 8 5 2 5. 5 0 1 6 1. 3 9. 0 1 9 6. 5 4
P/ R, d e ci d u o u s, wit h F E L 5. 7 6 8. 4 4 4 2. 0 7. 3 2 8 6. 1 7

Bl o c k 2
P/ R, d e ci d u o u s, wit h F E L 6. 3 2 9. 0 3 7 9. 4 1 2. 6 2 8 6. 1 7

Bl o c k 3
P/ R, c o nif er o u s, n o F E L 1 0. 6 2 1 4. 7 3 1 0 1. 5 9. 6 1 9 6. 5 4
P/ R, d e ci d u o u s, n o F E L 2. 6 2 3. 6 0 2 4. 1 9. 2 1 9 6. 5 4

Sit e 2
Bl o c k 1

W/ R, 1- yr- ol d sl a s h 2. 8 5 4. 3 9 3 0. 8 1 0. 8 4 0 8. 4 2

Bl o c k 2
W/ R, 2- yr- ol d sl a s h 7. 7 8 1 0. 3 6 1 5. 8 2. 0 3 7 5. 0 2

Bl o c k 3
W/ R, 3- yr- ol d sl a s h 1 9. 4 0 2 7. 4 5 1 0 6. 8 5. 5 2 3 6. 0 5

Bl o c k 4
 W/ R, 4- yr- ol d sl a s h 9. 1 5 1 3. 2 8 1 3 5. 0 1 4. 8 2 3 4. 1 0
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t h e h o g mill 8 2 % of t h e ti m e b e c a us e t h e
f or w ar d er/ e x c a v at or  c o m bi n ati o n  or  t h e
cr a wler tr a ct or a c c u m ul ate d t he resi d ue. T he
ot her m aj or ti me c o m p o ne nt f or t he e x c a v a-
t or was m o vi n g t he h o g mill fr o m pile t o pile.

          

Av er a g e m oist ure a n d as h c o nt e nts f or
t he h o g f uel as deli vere d t o t he mill are s h o w n
i n Ta bl e 3. T h e c o m p a n y’s s p e cifi c ati o n of a
m a xi m u m of 5 0 % a ver a ge m oist ure c o nte nt
w as m et i n all c as es. At Sit e 1, t h e a v er a g e
m oist ur e c o nt e nt r a n g e d fr o m 2 7 t o 3 6 %.
Wit h t h e a g e d sl as h at Sit e 2, t h e m oist ur e
was hi g hest i n t he o ne- year- ol d resi d ue at 4 0 %
w hile t he t w o- t o f o ur- year- ol d mate rial ra n ge d
fr o m 2 5 t o 2 8 %. As h c o nt e nt i n all bl o c ks

Fi g ur e 6.
W or k s a m pl e
o b s er v ati o n s of
h o g mill.

Gri n d W ait

e x c a v at or

M o v e I nf e e d

pl u g g e d

Cl e a n

c o n-

v e y or

1 0 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

2 0

1 0

0

P
er

c
e

nt
a

g
e 

 o
f 

 s
a

m
pl

e
s 

 (
%) Sit e  1  wit h  fr o nt- e n d  l o a d er

Sit e  1  wit h o ut  fr o nt- e n d  l o a d er

Sit e 2

Fi g ur e 7.
W or k s a m pl e
o b s er v ati o n s of
e x c a v at or.

L o a d

h o g mill

W ait

h o g mill

Cl e a n u p F o r w a r d  A s si st

h o g mill

M o v e

h o g mill

M e c h.

d el a y s

N o n-

m e c h.

d el a y s

1 0 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

2 0

1 0

0

P
er

c
e

nt
a

g
e 

 o
f 

 s
a

m
pl

e
s 

 (
%)

Sit e  1  wit h  fr o nt- e n d  l o a d er

Sit e  1  wit h o ut  fr o nt- e n d  l o a d er

Sit e 2

              

U nli k e t h e s hift-l e v el d at a, t h e w or k
s a m pl e  o bs er v ati o ns  cl e arl y  s h o w  t h e
a d v a nt a g e of usi n g t h e fr o nt- e n d l o a d er t o
f or w ar d r esi d u es at Sit e 1. T h e h o g mill’s
gri n di n g ti m e r os e fr o m 7 4 t o 9 0 % of t ot al
ti m e ( Fi g ur e 6), a n d t h e e x c a v at or’s ti m e
s p e nt l o a di n g t h e h o g mill i n cr e as e d fr o m
6 0 t o 7 3 % of t otal ti me ( Fi g ure 7). T he fr o nt-
e n d l o a d er s p e nt m ost of its ti m e pi c ki n g u p
a n d f or w ar di n g r esi d u es. It w as i dl e 1 8 % of
t h e ti m e d u e t o t h e c o nfi n e d w or k ar e a a n d
l o w v ol u m e of r esi d u e a c c u m ul ati o n.

At Sit e 2, t h e h o g mill w as pr o d u cti v e
7 4 % of t h e ti m e, wit h 2 0 % s p e nt w aiti n g
f or t he e xca vat or a n d 6 % m o vi n g fr o m pile t o
pil e. T h e pri m ar y e x c a v at or w as a bl e t o l o a d
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r a n g e d fr o m 1. 5 5 t o 6. 1 2 % wit h o nl y 5 of
t h e  1 3  r esi d u e/ e q ui p m e nt  c o m bi n ati o ns
m e eti n g  t h e  c o m p a n y’s  s p e cifi c ati o n  of
2. 5 5 %. C al orifi c v al u es f or t h e h o g f u el
r a n g e d  fr o m  1 0  8 5 3  t o  1 4  5 0 3  kJ/ k g,
w ell wit hi n Al b ert a- Pa cifi c’s s p e cifi c ati o n
of 1 0 0 5 0 kJ/ k g at 5 0 % m oist ur e c o nt e nt.

Particle size distri b uti o n ( Ta ble 3) ra n ge d
fr o m 1 9 t o 3 7 % f or t h e o v ersiz e d cl ass, 3 t o
8 % f or t he mi dsize d cl ass, a n d 6 0 t o 7 6 % f or
t h e  s m all est  si z e  cl ass.  Al b ert a- P a cifi c’s
s p e cificati o ns were 0, 5, a n d 9 5 %, res pecti vel y.
T he material pile d wit hi n t he c ut bl oc k at Site
1, wit h o ut fr o nt- e n d l o a d er assist a n c e, h a d
t h e p o or est p arti cl e sizi n g f or t w o r e as o ns.
T his br us h y, s m all- di a m et er m at eri al w as
v er y fl e xi bl e a n d f e d str ai g ht t hr o u g h t h e
c utt ers. T h e sizi n g s cre e ns i n t h e h o g mill
w er e c h a n g e d t o a c c o m m o d at e t h e m at eri al,

a n d p arti cl e siz e w as b ett er f or t h e r est of t h e
st u d y. T h e a g e d r esi d u es at Sit e 2 pr o d u c e d
b ett er p arti cl e siz es t h a n t h e fr es h sl as h at
Sit e 1.

    

H o g gi n g c osts ( Ta bl e 4 a n d A p p e n di x I)
at Site 1 r a n ge d fr o m $ 2 2. 7 1 t o $ 6 2. 2 1/ B Dt
w h e n t h e fr o nt- e n d l o a d er w as assisti n g,
a n d fr o m $ 2 0. 4 7 t o $ 4 1. 8 2/ B Dt w h e n t h e
h o g mill/ e x c a v at or s yst e m w or k e d al o n e
( Ta ble 4). Total c osts i ncl u di n g tr uc k l oa di n g
( A p p e n di x II) a n d h a uli n g ( A p p e n di x III)
r a n g e d fr o m $ 3 2. 7 4 t o $ 7 9. 3 2/ B Dt.

H o g gi n g c osts at t h e Sit e 2 l o c ati o ns
c o nt ai ni n g o n e- a n d t w o- y e ar- ol d r esi d u es
wer e $ 3 7. 8 2 a n d $ 1 8 7. 5 1/ B Dt, res pe cti vel y,
wit h a n e xtr a e xc a v at or a n d f or w ar der. Wit h
l o a di n g a n d h a uli n g, t h e t ot al d eli v er e d

a F E L: fr o nt- e n d l o a d er,    P/ B: pil e s wit hi n bl o c k,    P/ R: pil e s at r o a d si d e,    W/ R: wi n dr o w s at r o a d si d e.
b At m oi st ur e c o nt e nt a s d eli v er e d.
c At 5 0 % m oi st ur e c o nt e nt.

                                   

M oi st ur e A s h E n er g y Si z e di stri b uti o n

Sit e a n d r e si d u e t y p e c o nt e nt c o nt e nt c o nt e nt ( w et)  b > 7. 6 2 c m 3. 1 8 – 7. 6 2 c m  < 3. 1 8 c m
( %) ( %) ( k J/ k g) ( %) ( %) ( %)

Sit e 1
Bl o c k 1

P/ B, mi x e d s p e ci e s, n o F E L 3 3. 0 2. 4 6 1 3 0 3 6 3 6. 9 3. 4 5 9. 7
P/ B, mi x e d s p e ci e s, wit h F E L 3 6. 0 3. 5 0 1 2 4 9 6 3 0. 3 4. 6 6 5. 1

P/ R, c o nif er o u s, n o F E L 2 6. 8 2. 9 9 1 4 5 0 3 2 9. 3 4. 1 6 6. 6
P/ R, c o nif er o u s, wit h F E L 3 3. 4 2. 5 1 1 2 7 6 9 2 5. 6 4. 1 7 0. 3

P/ R, d e ci d u o u s, n o F E L 2 9. 8 3. 0 7 1 3 3 6 4 2 7. 4 4. 3 6 8. 2
P/ R, d e ci d u o u s, wit h F E L 3 3. 2 2. 2 4 1 2 7 0 6 2 4. 2 4. 1 7 1. 7

Bl o c k 2
P/ R, d e ci d u o u s, wit h F E L 2 9. 4 2. 7 1 1 3 4 8 0 2 8. 3 5. 0 6 6. 7

Bl o c k 3
P/ R, c o nif er o u s, n o F E L 3 3. 8 4. 9 8 1 3 2 0 2 2 6. 7 3. 4 6 9. 9
P/ R, d e ci d u o u s, n o F E L 3 3. 1 4. 4 8 1 2 4 1 1 3 4. 2 4. 2 6 1. 6

Sit e 2
Bl o c k 1

W/ R, 1- yr- ol d sl a s h 4 0. 3 6. 1 2 1 0 8 5 3 2 0. 5 7. 8 7 1. 7

Bl o c k 2
W/ R, 2- yr- ol d sl a s h 2 7. 5 1. 5 5 1 3 4 2 6 1 9. 1 5. 4 7 5. 5

Bl o c k 3
W/ R, 3- yr- ol d sl a s h 2 4. 6 1. 9 0 1 4 0 4 7 2 1. 0 6. 6 7 2. 4

Bl o c k 4
W/ R, 4- yr- ol d sl a s h 2 5. 0 3. 6 1 1 3 2 9 1 2 0. 1 5. 2 7 4. 7

C o m p a n y s p e cifi c ati o n s < 5 0. 0 2. 5 5 1 0 0 5 0 c 0. 0 5. 0 9 5
( > 7. 5 c m) ( 7. 5 – 3. 7 5 c m) ( < 3. 7 5 c m)
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c osts w er e $ 5 9. 6 0 f or pr o c essi n g t h e o n e-
y e ar- ol d  r esi d u es  a n d  $ 3 0 4. 8 8/ B Dt  f or
pr o c essi n g t h e t w o- y e ar- ol d r esi d u es.

Wit h t h e a d v a n c e pili n g d o n e b y t h e
cr a wl er  tr a ct or,  h o g gi n g  c osts  f or  t h e
t hr e e- a n d f o ur- y e ar- ol d sl as h w er e $ 4 2. 9 2
a n d $ 1 5. 8 2, r es p e cti v el y. Tot al d eli v er e d
c osts  i n cl u di n g l o a di n g a n d h a uli n g w er e
$ 5 1. 4 1  a n d  $ 3 9. 5 5  f or  t h e  t hr e e-  a n d
f o ur- ye ar- ol d resi d u es, r es p e cti vel y.

T h e a v er a g e b o n e- dr y-t o n n e c osts of
t h e h o g f u el f or t h e first t hr e e bl o c ks cl os e
t o t h e mill a n d t hr e e of t h e r e m ai ni n g f o ur
bl o c ks ( 8 5 m a w a y) w er e us e d t o d e v el o p a
c o m p ar ati v e v al u e s c e n ari o b et w e e n h o g
f u el a n d n at ur al g as at v al u es of $ 1 – 6/ GJ
( Ta bl e 5). T h e bl o c ks ar e s e p ar at e d b e c a us e
t h e h a ul dist a n c es w er e diff er e nt. At a n
a v er a g e  c ost  t o  h o g,  l o a d,  a n d  h a ul  of
$ 4 0. 8 5/ B Dt ( Ta bl e 5) a n d f or v al u es of
n at ur al g as of $ 1 – 6/ GJ, Fi g ur e 8 s h o ws t h at
f or Sit e 1, w h e n t h e pri c e of n at ur al g as
e x c e e ds $ 2. 4 3/ GJ it b e c o m es e c o n o mi c all y
vi a bl e t o us e h o g f u el. F or Sit e 2, t his p oi nt
is reac he d w he n nat ural gas reac hes $ 2. 7 9/ GJ
a n d t h e h o g f u el c ost is $ 4 5. 5 6/ B Dt.

                       

a F E L: fr o nt- e n d l o a d er,    P/ B: pil e s wit hi n bl o c k,    P/ R: pil e s at r o a d si d e,
W/ R: wi n dr o w s at r o a d si d e.

b T h e s e r e s ult s ar e o ut of li n e wit h t h e ot h er s b e c a u s e t h e w ei g h s c al e d at a pr o vi d e d
m a y n ot h a v e b e e n c o m pl et e a n d a l o n g d el a y o c c urr e d d uri n g l o a di n g.

P h a s e c o st ( $/ B Dt)

H o g L o a d  H a ul T ot al

Sit e 1
Bl o c k 1

P/ B, mi x e d s p e ci e s, n o F E L 4 0. 1 1 6. 1 6 7. 6 2 5 3. 8 9
P/ B, mi x e d s p e ci e s, wit h F E L 6 2. 2 1 6. 1 6 1 0. 9 5 7 9. 3 2

P/ R, c o nif er o u s, n o F E L 4 1. 8 2 6. 1 6 6. 0 8 5 4. 0 6
P/ R, c o nif er o u s, wit h F E L 2 8. 3 3 6. 1 6 5. 3 0 3 9. 7 9

P/ R, d e ci d u o u s, n o F E L 2 1. 8 4 6. 1 6 6. 3 7 3 4. 3 7
P/ R, d e ci d u o u s, wit h F E L 3 9. 2 0 6. 1 6 5. 6 0 5 0. 9 6

Bl o c k 2
P/ R, d e ci d u o u s, wit h F E L 2 2. 7 1 7. 8 3 5. 9 9 3 6. 5 3

Bl o c k 3
P/ R, c o nif er o u s, n o F E L 2 0. 4 7 7. 2 3 5. 0 4 3 2. 7 4
P/ R, d e ci d u o u s, n o F E L 2 1. 3 6 7. 2 3 5. 3 7 3 3. 9 6

Sit e 2
Bl o c k 1

W/ R, 1- yr- ol d sl a s h 3 7. 8 2 6. 1 7 1 5. 6 1 5 9. 6 0

Bl o c k 2
W/ R, 2- yr- ol d sl a s h b 1 8 7. 5 1 5 6. 5 0 6 0. 8 7 3 0 4. 8 8

Bl o c k 3
W/ R, 3- yr- ol d sl a s h 4 2. 9 2 2. 4 9 6. 0 0 5 1. 4 1

Bl o c k 4
W/ R, 4- yr- ol d sl a s h 1 5. 8 2 8. 3 0 1 5. 4 3 3 9. 5 5

                                          

H o g-f u el- E q ui v al e nt E n er g y E n er g y  C o st  N et
Pri c e of A m o u nt  of s p e cifi c a m o u nt  of v al u e of v al u e of t o  pr o d u c e v al u e of

n at ur al g a s h o g f u el e n er g y n at ur al g a s n at ur al g a s h o g f u el h o g f u el h o g f u el
( $/ G J) ( B Dt) ( B T U/ k g) ( G J) ( $) ( $/ B Dt) ( $/ B Dt) b ( $/ B Dt)

Sit e 1
1 5 5 7 1 8 2 0 8 6 3 5 4 6 3 5 4 1 1. 4 0 4 0. 8 5 ( 2 4. 0 4)
2 5 5 7 1 8 2 0 8 6 3 5 4 1 2 7 0 9 2 2. 8 1 4 0. 8 5 ( 7. 2 3)
3 5 5 7 1 8 2 0 8 6 3 5 4 1 9 0 6 3 3 2. 4 1 4 0. 8 5   9. 5 8
4 5 5 7 1 8 2 0 8 6 3 5 4 2 5 4 1 8 4 5. 6 2 4 0. 8 5 2 6. 3 9
5 5 5 7 1 8 2 0 8 6 3 5 4 3 1 7 7 2 5 7. 0 2 4 0. 8 5 4 3. 2 0
6 5 5 7 1 8 2 0 8 6 3 5 4 3 8 1 2 7 6 8. 4 3 4 0. 8 5 6 0. 0 0

Sit e 2
1 2 7 3 c 1 7 7 0 0 3 0 4 5 3 0 4 5 1 1. 1 7 4 5. 5 6 ( 2 9. 2 2)
2 2 7 3 1 7 7 0 0 3 0 4 5 6 0 9 1 2 2. 3 4 4 5. 5 6 ( 1 2. 8 8)
3 2 7 3 1 7 7 0 0 3 0 4 5 9 1 3 6 3 3. 5 1 4 5. 5 6 3. 4 6
4 2 7 3 1 7 7 0 0 3 0 4 5 1 2 1 8 1 4 4. 6 9 4 5. 5 6 1 9. 8 0
5 2 7 3 1 7 7 0 0 3 0 4 5 1 5 2 2 7 5 5. 8 6 4 5. 5 6 3 6. 1 4
6 2 7 3 1 7 7 0 0 3 0 4 5 1 8 2 7 2 6 7. 0 3 4 5. 5 6 5 2. 4 8

a B a s e d o n t h e f oll o wi n g a s s u m pti o n s: s p e cifi c e n er g y of n at ur al g a s e q u al s 1. 0 6 × 1 0 - 6 G J/ B T U; a n d e n er g y c o nt ai n e d i n
h o g f u el e q u al s 6. 0 2 3 × 1 0 9  milli o n B T U at Sit e 1 a n d 2. 8 8 6 × 1 09 milli o n B T U at Sit e 2 ( a s d eli v er e d, wit h e n er g y effi ci e n ci e s
of 7 0 % f or h o g f u el a n d 8 0 % f or n at ur al g a s).

b Pr or at e d a v er a g e f or e a c h sit e.
c Sit e 2 Bl o c k 2 r e m o v e d ( s e e Ta bl e 4, F o ot n ot e b).
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Fi g ur e 8. N et h o g
v al u e v er s u s
n at ur al g a s pri c e
f or Sit e 1 a n d
Sit e 2.

Fi g ur e 9. Li e b h err
l o g l o a d er wit h a
h y dr a uli c all y r ai s e d
c a b.

           
           

Acr oss t he v ari o us tre at me nts, 4 – 4 0 % of
pr o d u cti v e ti m e w as s p e nt m o vi n g t h e h o g
mill a n d e x c a v at or b et w e e n eit h er wi n dr o ws
or pil es. T h e sl as h a c c u m ul ati o ns w er e
g e n er all y s m all a n d/ or s pr e a d o ut, s o t h er e
w er e fr e q u e nt m o v es at Sit e 2, at 2 4 – 4 0 %
of P M H. Pl a n ni n g f or c o m mi n uti o n at t h e
h ar v esti n g st a g e w o ul d all o w f or f e w er a n d
l ar g er pil es, t h er e b y r e d u ci n g m o vi n g ti m e
a n d t he nee d f or a u xili ar y e q ui p me nt a n d its
att e n d a nt c osts. A c o m p aris o n of pr o d u cti v-
it y a n d c osts f or t h e h o g gi n g s yst e m al o n e
a n d wit h assista nce fr o m a fr o nt-e n d l oa der at
Site 1 s h o ws n ot o nl y a pr o d u cti vit y i n cre ase
fr o m 7. 8 1 t o 8. 6 7 B Dt/ P M H, b ut als o a
c ost i n cr e as e fr o m $ 2 5. 2 4 t o $ 3 3. 0 4/ B Dt
wit h t h e fr o nt- e n d l o a d er.

T h o u g h n ot v erifi e d i n t h e d at a, o n-sit e
o bs er v ati o ns s h o w e d t h at s o m e ti m e a n d
w or k fl o w w er e l ost b e c a us e t h e e x c a v at or

o p er at or c o ul d n ot s e e i nt o t h e h o g mill’s
i nfee d. T his c a use d u n necess ar y w aiti n g ti me
a n d r e d u c e d pr o d u cti o n. A n e x c a v at or-t y p e
l oa der wit h a h y dra ulicall y raise d ca b ( Fi g ure 9)
c o ul d  all e vi at e  t his  pr o bl e m  w hil e  n ot
c a usi n g t h e tr a ns p ort ati o n diffi c ulti es t h at a
fi x e d hi g h-ris e c a b l o g l o a d er w o ul d. T h e
o perat or’s visi bilit y w o ul d be m uc h i m pr o ve d
w hil e  l o a di n g  t h e  h o g  mill,  a n d  w hil e
l o a di n g t h e h o g f u el i nt o tr ail ers.

If sl as h utiliz ati o n is pl a n n e d pri or t o
i nitial har vesti n g, slas h c o ul d be c o ns oli date d
i nt o l ar g e pil es, t h er e b y r e q uiri n g o nl y t h e
p ort a bl e h o g mill a n d e x c a v at or/l o a d er o n
sit e d uri n g h o g gi n g o p er ati o ns. L o a di n g
h o g f uel directl y i nt o t he tr ailer fr o m t he h o g
mill w as trie d b ut t he o utfee d c o n ve y or fr o m
t h e h o g mill w as n ot l o n g e n o u g h t o r e a c h
t h e c e ntre of t h e tr ail er.

T h e a v er a g e pr o d u cti vit y at Sit e 1 of
8. 1 B Dt/ P M H ( Ta bl e 2) a n d t h e a v er a g e
l o a d of 1 4. 2 B Dt/ c y cl e ( A p p e n di x III) s h o w
a p ot e nti al a v er a g e h ot l o a di n g ti m e of
1. 7 5 h/c ycle. T he a vera ge c ycle ti me ( A p pe n-
di x III) w as 1. 3 9 h, w hi c h w o ul d r es ult i n a
w ait ti m e f or t h e tr u c k of 0. 3 6 h. If sl as h
a c c u m ul ati o ns w er e l ar g e e n o u g h, p er h a ps a
s wi velli n g p ne u m atic disc h ar ge c o ul d ser vice
t w o or m or e e m pt y tr ail ers. T his w o ul d
eli mi nate t he tr uc ks’ wait ti me a n d release t he
e xc a v at or fr o m l o a di n g d uties, t h us re d uci n g
o n-site e q ui p me nt ti me. B ase d o n P M H, t he
e x c a v at or s p e nt 3 8 % of its ti m e d uri n g t h e
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l o a di n g p h as e w aiti n g f or tr u c ks at Sit e 1,
a n d 3 3 % at Sit e 2 ( A p p e n di x II).

T h e h o g f u el a n al ysis s h o w e d a v er a g e
m oist ur e c o nt e nts r a n gi n g fr o m 2 5 t o 4 0 %.
T h e a g e d sl as h t h at w as 2 – 4 y e ars ol d at Sit e
2 pr o d u c e d h o g f u el wit h a v er a g e m oist ur e
c o nt e nts r a n gi n g fr o m 2 5 – 2 8 %, s u g g esti n g
s o me merit i n re d uce d m oist ure c o nte nt o ver
ti m e. As h c o nt e nt w as g e n er all y hi g h er t h a n
t h e c o m p a n y’s s p e cifi c ati o n of 2. 5 5 % ( b y
w ei g ht), b ut s h o ul d b e miti g at e d b y b ett er
pili n g of sl as h d uri n g h ar vesti n g t o mi ni mize
dirt  c o nt a mi n ati o n  a n d  b y  mi xi n g  wit h
n or m all y s o ur c e d h o g f u el. Parti cl e sizi n g
s h o w e d s o m e i m pr o v e m e nt wit h s m all er
s cr e e ns i n t h e h o g mill b ut still di d n ot
m e et  t h e  c o m p a n y’s  s p e cifi c ati o ns.  T h e
s cr e e ns c a n o nl y b e d o w nsi z e d s o m u c h
b ef or e  t h e  i n cr e as e d  d w ell  ti m e  of  t h e
m at eri al will b e gi n t o h a v e a n i m p a ct o n
pr o d u cti vit y. Mi xi n g wit h c o n v e nti o n all y
s o ur c e d h o g f u el s h o ul d l ess e n t h e i m p a ct of
t h e o v ersiz e d f u el p arti cl es.

        
T h o u g h t h e c o n v ersi o n of h ar v esti n g

r esi d u es t o h o g f u el h as n ot b e e n a pri orit y
i n w est er n C a n a d a, risi n g n at ur al g as pri c es
c o ul d m a k e it a n attr a cti v e e n d e a v or. T his
st u d y s h o ws t hat h o g f uel ha ule d 6 a n d 8 5 k m
wit h d eli v er e d c osts of $ 4 1 a n d $ 4 6/ B Dt,
r es p e cti v el y, c a n r e pl a c e n at ur al g as w h e n
g as e x c e e ds $ 2. 4 3/ GJ a n d $ 2. 7 9/ GJ. If sl as h
utiliz ati o n is pl a n n e d pri or t o i niti al h ar-
vesti n g, slas h c o ul d be c o ns oli date d i nt o l ar ge
piles, t here b y re q uiri n g o nl y t he p orta bl e h o g
mill a n d e xc a v at or/l o a der o n site d uri n g h o g-
gi n g o p er ati o ns. A l o a d er wit h a n el e v at e d
c a b t o i m pr o v e o p er at or visi bilit y of t h e h o g
mill i nf e e d d e c k w o ul d r e d u c e pl u g gi n g a n d
als o b e n efit t h e l o a di n g of h o g f u el i nt o t h e
tr ail ers.  If  h ot  l o a di n g  w as  d esir a bl e,  a
s wi veli n g p ne u m atic disc h ar ge w o ul d e n a ble
l o a di n g m ulti ple tr ailers w hile f ull tr ailers are
e n r o ute t o t he mill. A d diti o n al rese ar c h a n d
tri als ar e r e q uir e d o n t his c o n c e pt t o ass ess
t h e i m p a cts of pl a n ni n g f or sl as h utiliz ati o n
d uri n g h ar vesti n g.

        
Desr oc hers, L.; P utt oc k, D.; R ya ns, M. 1 9 9 5.

R e c o v er y of r o a dsi d e r esi d u es usi n g dr u m
c hi p p ers. F E RI C, P oi nt e- Cl air e, Q u e.
Te c h ni c al Re p ort T R- 1 1 1. 1 8 p p.

D ys o n, P. F. 2 0 0 2. Pr o d u ci n g p ul p- q u alit y
w o o d c hi ps fr o m ti m b er- h ar v esti n g r esi-
d u e. F E RI C, Va n c o u v er, B. C. A d v a nt a g e
Re p ort Vol. 3 N o. 4 7. 8 p p.

H u nt, J. A. 1 9 9 4. C hi p pi n g r o a dsi d e d e bris
wit h t h e Br u ks c hi p p er i n w est- c e ntr al
Al b ert a. F E RI C, Va n c o u ver, B. C. S p e ci al
R e p ort S R- 9 1. 1 5 p p.

Si nclair, A. W. J. 1 9 8 4. Rec o ver y a n d tra ns p ort
of f or est bi o m ass i n m o u nt ai n o us t err ai n.
F E RI C, Va n c o u v er, B. C. i n c o o p er ati o n
wit h C a n a di a n F or estr y S er vi ce, Vi ct ori a,
B. C. Iss u e d j oi ntl y as F E RI C S p e ci al
R e p ort  S R- 2 2  a n d  C a n a di a n  F or estr y
S er vi c e I nf or m ati o n R e p ort B C- X- 2 5 4.
3 1 p p.

              
T h e a ut h or is gr at ef ul f or t h e assist a n c e

of Er nest Ra ms u m a n d Ste ve S ultz of Al bert a-
Pacific F orest I n d ustries I nc., a n d Ge or ge a n d
Al b ert  B o u c h ar d  of  J.  B.  H ol di n gs  Lt d.
T ha n ks als o t o f or mer F E RI C e m pl o yees D a n
A n d erss o n a n d B e n Str o h n er f or assist a n c e
i n  t h e  fi el d;  J a c k  M a c D o n al d  a n d  Eri c
P hilli ps of F E RI C f or t e c h ni c al assist a n c e;
a n d  R e n e e  Grij z e n  a n d  S h ell e y  K er  of
F E RI C f or t h e pr e p ar ati o n of t his r e p ort.
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1 9 9 8 1 9 7 0 1 9 8 7 K e n w ort h
K o m at s u 1 9 9 6 1 9 7 9 K o m at s u T 8 0 0 tr a ct or P et er s o n
W A 3 8 0- 3 Ti m b erj a c k C at er pill ar D 6 5 E a n d tri d e m 2 0 0 1 Hit a c hi P a cifi c
fr o nt- e n d 2 3 0 A 2 2 5 cr a wl er w al ki n g fl o or E X 2 0 0 L C- 5  H C 2 4 0 0

l o a d er f or w ar d er e x c a v at or tr a ct or tr ail er e x c a v at or p ort a bl e h o g

O W N E R S HI P  C O S T S
T ot al p ur c h a s e pri c e ( P)   $ 2 3 5 4 0 0 6 9 5 5 0 3 2 1 0 0 1 9 2 6 0 7 6 5 0 5 3 1 0 3 0 0 4 1 9 4 4 0

E x p e ct e d lif e ( Y)   y 8 6 6 6 6 8 1 0
E x p e ct e d lif e ( H)   h 1 6 0 0 0 1 2 0 0 0 1 2 0 0 0 1 2 0 0 0 1 2 0 0 0 1 6 0 0 0 2 0 0 0 0
S c h e d ul e d h o ur s/ y e ar ( h) =( H/ Y)   h 2 0 0 0 2 0 0 0 2 0 0 0 2 0 0 0 2 0 0 0 2 0 0 0 2 0 0 0
S al v a g e v al u e a s % of P ( s)   % 2 0 2 0 2 0 1 0 1 0 2 0 2 0
I nt er e st r at e (I nt)   % 6. 0 6. 0 6. 0 6. 0 6. 0 6. 0 6. 0
I n s ur a n c e r at e (I n s)   % 2. 5 2. 5 2. 5 2. 5 2. 5 2. 5 2. 5

S al v a g e v al u e ( S) =(( P • s)/ 1 0 0)   $ 4 7 0 8 0 1 3 9 1 0 6 4 2 0 1 9 2 6 7 6 5 1 6 2 0 6 0 8 3 8 8 8
A v er a g e i n v e st m e nt ( A VI) =(( P + S)/ 2)   $ 1 4 1 2 4 0 4 1 7 3 0 1 9 2 6 0 1 0 5 9 3 4 2 0 7 8 1 8 6 1 8 0 2 5 1 6 6 4

L o s s i n r e s al e v al u e (( P- S)/ H)   $/ h 1 1. 7 7 4. 6 4 2. 1 4 1. 4 4 5. 7 4 1 5. 5 1 1 6. 7 8
I nt er e st ((I nt • A VI)/ h)   $/ h 4. 2 4 1. 2 5 0. 5 8 0. 3 2 1. 2 6 5. 5 9 7. 5 5
I n s ur a n c e ((I n s • A VI)/ h)   $/ h 1. 7 7 0. 5 2 0. 2 4 0. 1 3 0. 5 3 2. 3 3 3. 1 5

T ot al o w n er s hi p c o st s ( O W)   $/ P M H 1 7. 7 7 6. 4 1 2. 9 6 1. 8 9 7. 5 3 2 3. 4 3 2 7. 4 7

O P E R A TI N G  C O S T S
F u el c o n s u m pti o n ( F)   L/ h 3 2. 0 1 8. 0 2 7. 0 2 8. 0 3 8. 0 2 4. 5 3 0. 0
F u el (f c)   $/ L 0. 5 5 0. 5 5 0. 5 5 0. 5 5 0. 5 5 0. 5 5 0. 5 5
L u b e & oil a s % of f u el (f p)   % 1 2 1 2 1 2 1 2 1 2 1 2 1 2
A n n u al tir e c o n s u m pti o n (t)   n o. 1. 5 1. 0 - - - - -
Tir e r e pl a c e m e nt (t c)   $ 4 0 0 0 2 5 0 0 - - - - -
Tr a c k & u n d er c arri a g e r e pl a c e m e nt ( Tc)   $ - - - - - 4 0 0 0 0 -
Tr a c k & u n d er c arri a g e lif e ( T h)   h 0 0 0 0 0 1 0 0 0 0 0
A n n u al o p er ati n g s u p pli e s ( O c)   $ 2 2 0 0 2 2 0 0 2 2 0 0 2 2 0 0 2 2 0 0 2 2 0 0 8 2 0 8
A n n u al r e p air & m ai nt e n a n c e ( R p)   $ 2 9 3 7 5 1 1 6 0 0 5 3 5 0 3 2 1 0 3 0 0 0 3 8 7 5 0 4 1 9 0 0
S hift l e n gt h ( sl)   h 8. 0 8. 0 8. 0 8. 0 8. 0 8. 0 8. 0
W a g e s   $/ h 2 4. 0 0 2 2. 0 0 2 2. 0 0 2 2. 0 0 2 2. 0 0 2 3. 0 0 2 2. 0 0
W a g e b e n efit l o a di n g ( W B L)   % 3 9 3 9 3 9 3 9 3 9 3 9 3 9

F u el ( F •f c)   $/ h 1 7. 6 0 9. 9 0 1 4. 8 5 1 5. 4 0 2 0. 9 0 1 3. 4 8 1 6. 5 0
L u b e & oil ((f p/ 1 0 0) •( F •f c))   $/ h 2. 1 1 1. 1 9 1. 7 8 1. 8 5 2. 5 1 1. 6 2 1. 9 8
Tir e s ((t •t c)/ h)   $/ h 3. 0 0 1. 2 5 0. 0 0 0. 0 0 0. 0 0 0. 0 0 0. 0 0
Tr a c k & u n d er c arri a g e ( Tc/ T h)   $/ h 0. 0 0 0. 0 0 0. 0 0 0. 0 0 0. 0 0 4. 0 0 0. 0 0
O p er ati n g s u p pli e s ( O c/ h)   $/ h 1. 1 0 1. 1 0 1. 1 0 1. 1 0 1. 1 0 1. 1 0 4. 1 0
R e p air & m ai nt e n a n c e ( R p/ h)   $/ h 1 4. 6 9 5. 8 0 2. 6 7 1. 6 0 1. 5 0 1 9. 3 7 2 0. 9 5
W a g e s & b e n efit s ( W •( 1 + W B L/ 1 0 0))   $/ h 3 3. 3 6 3 0. 5 8 3 0. 5 8 3 0. 5 8 3 0. 5 8 3 1. 9 7 3 0. 5 8

T ot al o p er ati n g c o st s ( O P)   $/ P M H 7 1. 8 6 4 9. 8 2 5 0. 9 9 5 0. 5 3 5 6. 5 9 7 1. 5 4 7 4. 1 1

T O T A L  O W N E R S HI P  A N D  O P E R A TI N G  C O S T S    ( O W + O P)   $/ P M H 8 9. 6 3 5 6. 2 3 5 3. 9 5 5 2. 4 3 6 4. 1 2 9 4. 9 6 1 0 1. 5 8

a T h e s e c o st s ar e b a s e d o n F E RI C’ s st a n d ar d c o sti n g m et h o d ol o g y f or d et er mi ni n g m a c hi n e o w n er s hi p a n d o p er ati n g c o st s. T h e s e c o st s d o n ot i n cl u d e s u p er vi si o n, pr ofit, or
o v er h e a d, a n d ar e n ot t h e a ct u al c o st s i n c urr e d b y t h e c o ntr a ct or or c o m p a n y.
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Pr e p ar e C h a n g e E x c a v at or Pr o d u cti o n
L o a d W ait M o v e sit e b u c k et Ot h er D el a y T ot al c o st l o a d e d  C o st
( h ) ( h ) ( h ) ( h ) ( h ) ( h ) ( h ) ( h ) ( $/ h) ( B Dt) ( $/ B Dt)

Sit e 1
Bl o c k 1 1 3. 7 8 6. 0 0 0. 6 5 1. 7 2 0. 1 7 0. 2 5 0. 2 7 2 2. 8 4 9 4. 9 6 3 5 2. 2 6. 1 6

Bl o c k 2 2. 3 0 3. 5 2 0. 7 3 - - - - 6. 5 5 9 4. 9 6 7 9. 4 7. 8 3

Bl o c k 3 3. 2 8 5. 1 0 - 0. 3 5 0. 5 3 0. 3 0 - 9. 5 6 9 4. 9 6 1 2 5. 6 7. 2 3

Sit e 2
Bl o c k 1

1- yr- ol d sl a s h 0. 3 8 1. 2 5 0. 2 5 0. 1 2 - - - 2. 0 0 9 4. 9 6 3 0. 8 6. 1 7

Bl o c k 2
2- yr- ol d sl a s h 2. 2 5 5. 1 0 1. 3 0 0. 7 5 - - - 9. 4 0 9 4. 9 6 1 5. 8 5 6. 5 0

Bl o c k 3
3- yr- ol d sl a s h 1. 5 0 0. 2 0 0. 6 0 0. 5 0 - - - 2. 8 0 9 4. 9 6 1 0 6. 8 2. 4 9

Bl o c k 4
4- yr- ol d sl a s h 5. 6 2 1. 9 5 2. 3 5 1. 8 8 - - - 1 1. 8 0 9 4. 9 6 1 3 5. 0 8. 3 0
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a F E L: fr o nt- e n d l o a d er,    P/ B: pil e s wit hi n bl o c k,    P/ R: pil e s at r o a d si d e,    W/ R: wi n dr o w s at r o a d si d e.
b A v er a g e c y cl e ti m e s u p pli e d b y h a uli n g c o ntr a ct or.
c P arti al tri p s ar e a c c o u nt e d f or b y h a vi n g h o g f u el fr o m diff er e nt s o ur c e s i n a tr ail er l o a d.

A v g
ti m e/ Tot al  Di st a n c e Tr u c k  H a ul

C y cl e s T ot al ti m e c y cl e b pr o d u cti o n h a ul e d c o st c o st
( n o.) ( h ) ( h ) ( B Dt) ( k m) ( $/ h) ( $/ B Dt)

Sit e 1
Bl o c k 1

P/ B, mi x e d s p e ci e s, n o F E L 2. 2 c 3. 2 1 1. 4 6 2 7. 0 6 6 4. 1 2 7. 6 2
P/ B, mi x e d s p e ci e s, wit h F E L 5. 5 9. 5 1 1. 7 3 5 5. 7 6 6 4. 1 2 1 0. 9 5

P/ R, c o nif er o u s, n o F E L 3. 3 4. 5 8 1. 3 7 4 8. 3 6 6 4. 1 2 6. 0 8
P/ R, c o nif er o u s, wit h F E L 1. 0 1. 4 8 1. 4 8 1 7. 9 6 6 4. 1 2 5. 3 0

P/ R, d e ci d u o u s, n o F E L 2. 7 4. 1 7 1. 5 7 4 2. 0 6 6 4. 1 2 6. 3 7
P/ R, d e ci d u o u s, wit h F E L 1 0. 3 1 4. 1 0 1. 3 7 1 6 1. 3 6 6 4. 1 2 5. 6 0

Bl o c k 2
P/ R, d e ci d u o u s, wit h F E L 6. 0 7. 4 2 1. 2 4 7 9. 4 6 6 4. 1 2 5. 9 9

Bl o c k 3
P/ R, c o nif er o u s, n o F E L 6. 0 7. 9 8 1. 3 3 1 0 1. 5 6 6 4. 1 2 5. 0 4
P/ R, d e ci d u o u s, n o F E L 2. 0 2. 0 2 1. 0 1 2 4. 1 6 6 4. 1 2 5. 3 7

Sit e 2
Bl o c k 1

W/ R, 1- yr- ol d sl a s h 1. 5 7. 5 5 b 3 0. 8 8 5 6 4. 1 2 1 5. 6 1

Bl o c k 2
W/ R, 2- yr- ol d sl a s h 3. 0 1 5. 0 5 b 1 5. 8 8 5 6 4. 1 2 6 0. 8 7

Bl o c k 3
W/ R, 3- yr- ol d sl a s h 2. 0 1 0. 0 5 b 1 0 6. 8 8 5 6 4. 1 2 6. 0 0

Bl o c k 4
W/ R, 4- yr- ol d sl a s h 6. 5 3 2. 5 5 b 1 3 5. 0 8 5 6 4. 1 2 1 5. 4 3


