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Abstract

Small patch cutting (lessthan 1 hain size) in mature lodgepol e pine stands has been introduced to prevent the spread
of mountain pine beetle populationsin central British Columbia. Thistype of harvesting islocally referred to as" Snip
and Skid” harvesting. Beetles are lured into trees baited with a synthetic pheromone attractant within asmall patch of
forest, and destroyed by removing the baited and infested trees. Scattered patchesin alarge arearequire additional
time for moving equipment between patches, causing a significant increase of non-productive time and total logging
cost. The total stump-to-truck costs of the Snip & Skid logging in each patch ranged from $14.98 to $19.71/n,
averaging $17.00/n?. The overall cost would be $22.28/n if it includes other cost allowances such as overhead and
profit for the logging contractor. The cost greatly increased with decrease of tree sizes: if the average stem size was
0.25 n, the cost would be $32.61/n?. Walking and |ow-bedding accounted for 57% of the total delay in the Snip and
Skid logging. We found five trees damaged per 100 m along the skid trails created to access patches. No significant

impact on soils and high stumps were found.
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The mountain pine beetle (Dendroctonus ponder osae
Hopk.) isthe most destructive forest insect in British
Columbia (Van Sickle 1995). Large outbreaksin the
northern central interior of BC frequently develop in
mature lodgepole pine (Pinus contorta Douglas var.
latifolia Engelmann) stands that contain dense, large-
diameter trees. These epidemics greatly influence
harvesting scheduling and management priorities, as
itisnecessary to control the spread of beetle
infestations and to quickly harvest infested timber
over large areas.

Current mountain pine beetle control strategies being
used in British Columbiainclude fell and burn,
pesticide, single tree sanitation harvesting, partial
cutting in small patches, and large clearcuts (MOF
2000). Large clearcuts are used to reduce large beetle
populationsin severely infested areas, and involve
conventional logging practices. Harvesting numerous
small patcheslessthan 1 hain size scattered over a
large areaistermed "Snip and Skid" in British
Columbia. This approach has been introduced to
control the spread of beetle populationsto other
areas by attracting adult beetlesinto afew treesin a
patch and removing those trees. Beetles are lured into
trees baited with a synthetic pheromone attractant
(trans-verbenol and exo-brevicormin) within asmall
patch area, and then destroyed by harvesting and
processing both the baited and previously infested
trees during the winter.

Although Snip and Skid harvesting has been
routinely used to control beetle populationsin

northern central BC, thereislittle information
describing the detailed procedures and associated
issues such as increased logging costs and
environmental impacts when implementing the
method. This makesit difficult for forest practitioners
to understand the possible implications of Snip and
Skid logging. Past experience has shown that logging
costs for implementing Snip and Skid method are
typically higher than conventional harvesting
because small patches are spread over alarge area
and long skidding distances are necessary to access
the patches. Harvesting equipment spends a
significant amount of time moving from one patch to
the other as aresult of the dispersed spatial
distribution of patches, which isunnecessary in a
larger clearcut block. Disagreements between logging
contractors and forest licensees al so occur since
there isinsufficient understanding of actual Snip and
Skid logging costs. Logging contractorsindicate
economic difficulties because logging costs are
higher than the licensee's estimation.

Theremoval of trees on the skid trailsis necessary to
access designated patches, but trails should be kept
as narrow as possible. The Prince George District
Office allows skid trails to be an average of no more
than 6-m in width. Skid trail width is highly co-related
with residual stand damage along skid trails (Han and
Kellogg 2000) and operations productivity. In order to
minimize therisk of leaving beetlesin a stand, stump
heights should be as |ow as possible and the
harvested stem should be utilized to 10 cm top
diameter (Safranyik and et.al. 1974). Low stump



heights, less than 30 cm, can be easily accomplished
with feller-buncher felling (Hall and Han 2001). Low
stump heights al so facilitate skidding because of
reduced hung ups.

Snip and Skid harvesting isarelatively new approach
to control the spread of beetle infestations and
presently little information is known about this
method. The objectives of this study are to determine
the actual logging costs of Snip and Skid operations
with some highlights on machine utilization rates and
optimal allocation of equipment, and to describe the
impacts on residual trees along with skid trail
information. In addition, recommendations are
discussed for improving Snip and Skid logging
efficiency and minimizing environmental impacts.

Study methods

Twenty nine small patches were sparsely located on
the Mt. McKenzie Management area approximately 65
km northwest of Prince George, B.C. (Fig. 1 and Table
1). These siteswere identified by aerial sketch-
mapping red-colored trees and confirmed by a beetle
probing crew checking the level of aninitial attack.
The goal of this operation was to facilitate harvest of
infested trees and thereby minimize spread of
mountain pine beetle to surrounding trees. Patch sizes
wererelatively small, raging from 0.01 hato 0.8 ha.
Each patch was composed of mainly lodgepole pine
that has been baited with a synthetic pheromone to
attract the beetles.

Forestsin this area are considered to be even-aged
stands with an average age of 113 years and arange
of diameter at breast height of 20 - 32 cm. The species
composition is dominated by lodgepole pine trees
(72%) with aminor component of Douglas-fir (15%;
Pseudotsuga menziesii (Mirb.) Franco), white spruce
(12%; Picea glauca (Moench.) Voss.), and balsam fir
(0.5%; Abies balsamea (L.) Mill.). Paper birch (Betula
papyrifera Marsh.) and aspen (Populus tremul oides
Michx.) are al'so present as avery minor component
(0.5% combined) of the stand. The basal areain this
arearanged from 30 to 45 n¥ per hawith an average
stand density of 570 - 1200 trees per ha. Treesin each
patch were harvested using either agroup or single-
tree selection method. Slopesin this areaare less than
15% with afew exceptionsin isolated steeper areas.
Snow accumulation at time of harvesting was less
than 50 cm within the stands and did not affect the
ability of the feller-buncher to cutlow stumps.

During winter of 2000/01, one logging contractor was
selected by the licensee to remove the trees identified
in 29 patches. A full tree harvesting method was used:
treeswere felled and bunched with Madill 3200B
feller-buncher and delivered to landings using a John
Deere 748G grapple skidder and a Cat 527 track
skidder. The track skidder was used for forwarding
treesin steep uphill or broken-slope areas. Trees
were then processed into tree length logs using a Cat
320 stroke boom delimber equipped with a Limmit
processing head. Processing was done on open areas
near the roadside. Logs were aligned parallel or
perpendicular to the roads depending on the size of
the open areas. There were no value-recovery
bucking practices done at the landing to avoid
leaving beetlesin small pieces of wood. Topping was
done at less than 10-cm top diameter. In loading, a
Madill 3800LL butt' n top (grapple) loader was used
when wood volume at alanding was greater than 5
truck loads. A self-loading truck with the maximum
truckload volume of 39.6 n? was al so used to pick up
asmall amount (less than 5 truck loads) of wood in
isolated locations.

A low-bed trailer was used to move egquipment from
one location to another if long distances between
sitesjustified this. A distance of 5 - 6 km was used as
an approximate threshold whether a machine would
walk or below-bedded to the next site. One foreman
was designated to coordinate the equipment
alocation in each site to minimize non-productive time
required to move machinesto another siteat a
distance. The low-bed was owned by the contractor,
and the costs for |ow-bedding were based on rates of
6-axle low-bed ($90.89 /hr) for skidders and 7-axle low-
bed ($107.80 /hr) for feller-buncher, processor, and
loader. A low-bed was fully occupied with thistask
throughout the logging operations. It took
approximately 45 minutesto get the equipment loaded
on alow-bed that travels at 25 - 30 km per hour on off-
highway roads.

No new roads and landings were built to access the
timber, but skid trails were identified from existing
roads nearby to accessto each patch. Trees on skid
trailswere felled and bunched between standing trees
or on the side of skid trails. There were afew stream
crossings to access to the patches. A portable, small
bridge was used for atemporary stream crossing
when necessary.

A hand held computer (DAP Microflex PC9800) was
used to collect detailed production datafor feller-
buncher and skidder operations, along with



harvesting attributes such as slopes and skidding
distance. To predict skidding productivity, a
regression model for skidding productivity was
developed using a stepwise method. Small delays (<
10 minutes) were captured from a detailed time study
by aresearcher while large delays (> 10 min.) were
calculated based on shift-level data. Time spent for
low-bedding and walking time between patches was
recorded as non-productive time (delay) for each
machine from detailed and shift-level dataforms.
Productivity for processing and loading was based on
shift-level dataformsfilled in by machine operators.

A post-harvest survey was conducted to measure the
width of skid trailsand alevel of residual stand
damage during the spring of 2001. For each skid trail,
width was systematically measured at an interval of 20
m to calculate an average width. A tree was defined
as damaged if atree sustained a scar greater than 4 cm
wide. Damage level wasindicated as the number of
damaged trees per 100 m of skid trail since the total
population is unknown. Stumps within patches were
checked to count the number of high stumps greater
than 30 cm.

Resultsand discussion
Harvesting productivity

Intotal, 6,492 m’® of wood was harvested from 29
patches and skid trails associated with the patches,
accounting for 136 truckloads. There were 17 landing/
processing locations, and each landing had 1 to 5
patches (Table 1). The average volume harvested
from each processing/ landing location was 381 .

Delay-free cycletimefor felling and bunching time
averaged 0.53 minutes per tree, producing 30.05 m?
each scheduled machine hour with an average size of
0.66 nt/tree. The machine utilization rate of felling was
63.4%. Bunching required the most time (0.32 min./tree
on average) among cycle components (travel,
brushing, cutting and bunching). The operator tried
to optimize the turn size for skidding, but bunches
were often smaller than the optimal skidder turn size
Thisresulted from alack of space available for
bunches due to the maximum allowable width of skid
trails. Some hang-ups on the standing trees were

Cosfficient P-value
Skidding time (min.) = 41333 0.000
+0.0204 (DIST) 0.000

- 0.9362 (FORD) 0.065

observed when trees were bunched between standing
trees.

A regression analysis showed that the number of logs
per turn, slope, and tree length did not have a
significant effect on total cycletime (a = 0.10).

The average maximum skidding distance to all patches
was 415 m, resulting in askidding cycletime (12.43
min./cycle) approximately three times longer than the
onein anormal timber production operation (Tufts et
al.1988; Mitchell 1994; Keegan I11 et a. 1995). This
average distanceis also far longer than a maximum
economic skidding distance of 200 -250 m being
considered for arubber-tired skidder in the north
central interior of BC.

The cycle time increases significantly with skidding
distance. Figure 2 indicates the distribution of total
skidding cycletimein relation to skidding distances.
When aforwarding option was used, the predicted
skidding time was reduced by 0.93 minutes per turn.
This option was used when a rubber-tired skidder was
not capabl e of skidding on steep uphill ground. A
tractor skidder delivered trees to gentle ground (<20%
adverse slope) where arubber-tired skidder
transported the trees to the landing. A skidder
operator was often required to accumul ate small
bunchesinto afull load. This accumulation occurred
in 61% of the total cycles observed (n=185), with an
average time of 1.36 minutes when needed. Small
bunches were the result of space constraints for
placing felled timber both between standing trees and
within skid trails.

Both processing and loading productivity were based
on shift-level data. Productivity in processing and
loading was not greatly different from alogging
operation where timber production is the primary
objective, except extrawalking and low-bedding time
was incurred due to scattered decks of wood. Heavy
traffic on logging roads raised issues of safety during
processing and loading operations on roadsides. The
contractor's goal was to locate an adequate space for
landing activities (processing, decking and decking)
for reasons of safety, and this often caused increased
skidding distances when no immediate landing space
was available at the entrance of the skid trail.

Average value Range
constant
415(m) 500 - 2884
indicator variable Oorl



Where: DIST = skidding distance

FORD = forwarding by a crawler skidder on steep ground

r’=0.716 n=185

Standard error of estimate: 2.57 min./cycle

Harvesting costs

The stump-to-truck cost averaged $17.00/n¥,
including low-bedding and coordination costs (Table
1). The overall cost of Snip and Skid logging would be
$22.28/nt if overhead and profit allowances were
added to the stump -to-truck cost. This cost was
based on the average tree volume of 0.66 n¥’, and
greatly sensitive to tree size: logging costs
significantly increased as tree sizes decreased (Fig. 3).
For example, the overall cost was $32.61/n7 if the
average stem size were 0.25 m® while it decreased to
$21.65/nT with the average stem size of 0.8 n®. The
overall logging cost of Snip and Skid cost was
significantly higher than the one in a mechanized
conventional logging where timber productionisthe
primary objective. The overall cost of aconventional
logging in the study arearanges from $12.00 to
$17.50/n.

The Madill 3200B feller-buncher had an hourly
owning and operating cost of $141.44. Felling costs
ranged from $2.20 to $5.73/nt with an average of
$3.22/n7. Tree size and walking time had alarge effect
on felling productivity and cost. Skidding cost was
the most expensive cost component in the stump -to-
truck cost at an average of $4.48/n7. The use of the
Cat 527 track skidder often resulted in a higher
skidding cost because it not only has a higher hourly
rate ($137.58) than the John Deere 748G rubber-tired
skidder ($100.40), but also had alower traveling speed
and required alow-bed to move it to another site.
Processing and loading costs were based on the shift-
level form, and calculated at $3.55/n7 and $3.09/n7 on
average, respectively.

Other costsinclude low-bedding harvesting
equipment required to transport equipment from patch
to patch and move-in/-out. The total time for low-
bedding was 71 hours, resulting in a cost of $1.12/n7.
This cost may have significantly increased if they had
a sub-contract for the job, resulting from higher
contract rates and increased delays due to less
efficient team-work.

Deays and coor dinating machine allocations

Walking and low-bedding delay (12.5%) represented
57% of the total delay (22% of its scheduled machine
hours) in the Snip and Skid logging (Table 2).
Walking and low-bedding time had alarge impact on
overall harvesting productivity. In the site studied, a
foreman maintained good communications with
machine operators, including alow-bed operator, and
hel ped them move to the next location. During
detailed timing for felling and skidding operations,
small delays (<10 min.) were observed at 8.2 and 9%,
respectively. These increased the total delay of felling
to 36.6% and skidding to 25.8%.

For tracked machines, prolonged walking on the hard
surface of roads may result in the shortening of track,
undercarriage, and machine body life aswell as other
attachments. This may increase maintenance and
repair costs. The authors observed that machine
operators attempted to walk on the snow pile next to
the road when possible to minimize impacts on tracks
and machine body. Walking time for the rubber-tired
skidder had lessimpact on its productivity compared
to other crawler-type machines asit was able to travel
at higher speeds

Good communications between alicensee and the
logging contractor are essential to increase
operations efficiency. For example, the feller-buncher
was required to move back into aprevious location
where it had finished one patch nearby and be low-
bedded from the site. This unnecessary low-bedding
could have been avoided if the contractor knew which
patches were to be harvested in advance. Highly
visible flagging and clear mapping are necessary for
the machine operator to avoid wasting time |ooking
for an entrance to skid trail and patch location. This
should be emphasized to crews conducting field
layout and marking of patchesto be harvested since
the planning and layout for the operation is prepared
often 6 months before logging occurs.

Post-harvesting survey: skid trail width, stand
damage and high ssumps

Intotal, 17 skid trails were used to access the small
patches. When there was more than one patch
nearby, one skid trail often accessed multiple patches.



Thetotal length of skid trails surveyed in this study
was 5,974 m, and new skid trails created from clearing
trees represented 59% (3,520 m) of the total length.
The remaining skid trail length used open areasin
recent clearcut blocks.

The average width for each skid trail ranged from 4.4
to 6.5 m (Table 3), and three skid trails had an average
width beyond the maximum allowed (6 m). Stand
density (trees/ha) varied between locations, and
influenced the final width of skid trail; Low density
stands often resulted in wide trails when removing 2 -
3 treeson the skid trails. Skid trail width was also
determined by feller-buncher operator's bunching
methods; the width was narrower when trees were
bunched between standing trees instead of bunching
trees on the skid trails parallel to thetrails.

We found 177 trees scarred along 3,520 m of skid
trails, resulting in 5 trees damaged per 100 m. The
average values for scar width and length measured
from each skid trail were 13 — 20.4 and 34.6 — 68.6 cm,
respectively. Damaged trees were located right to the
skidtrails and most scars were faced in the direction
of skid trails. These indicate that skidding was a
primary cause of scarring damageto the trees. There
was no damage observed on boundary trees of
harvested patches. Increased scarring damage was
observed in narrow and curved skid trails.

All stumpsin all patches werelower than 30 cmin
height, and most stumps were cut close to the ground
level. The stumps on skid trailswere also low. This
confirms that mechanized felling is effectivein leaving
alow stump, reducing the risk of leaving beetlesin
the stumps. The winter logging helped to protect soils
from repeated skidding, as a combined effect of snow
and frozen sails.

Conclusion:

Production rates for each machine in the Snip and
Skid logging were significantly lower than thosein a
normal timber harvesting operation that timber
production is the primary objective. This was mainly
due to increased non-productive time for moving
between small patches scattered in alarge area.
Walking and low-bedding accounted for 57% of the
total delay in Snip and Skid logging. These types of
delay would not occur in other normal harvesting
operations. Long skidding distances to the patches
contributed to alow harvesting productivity and high
cost of Snip and Skid logging.

Thetotal stump-to-truck costs of the Snip & Skid
logging in each location ranged from $14.98 to
$19.71/n, averaging at $17.00/n. The overall cost
would be $22.28/n if it includes other cost
allowances such as overhead and profit. This cost
represents an increase of logging cost by 30.3 to
85.7% over aconventional logging in the study area.
Tree size had alarge effect on the cost: the cost
would be $32.61/n7 if the average stem size were 0.25
nt. The average tree sizein this study was 0.66 nr'.
This cost increase should be effectively reflected in a
stumpage cal culation to support the Snip & Skid
logging method.

Large scarring damage was often found on sharp
curves and some skid trailslocated on the side hills. It
was found that 5 damaged trees occurred per 100 m of
skid trail. Careful layout of skid trails would minimize
damage to trees along skid trails. Mechanical felling
and winter logging eliminated concerns on leaving
high stumps and soil disturbance.

Other observationsin this study include the
amalgamation of small patches with a number of
entries, creating alarge opening. These will affect the
forest management planning in the future since Snip
and Skid approach is being extensively used in the
north central interior of British Columbia
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Figure 1. 17 processing/loading locations in the study site
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Figure 2. Relationship of skidding cycle time to skidding distance
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Figure 3. Changes of Snip and Skid logging costs over different size of tree. Costs are the mean values cal culated
from all patches and include stump-to-truck and overhead and profit allowances.
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Table 1. Tree volume harvested and Snip and Skid logging costs in each processing/loading location.

Location # #loads| Vol./tree Volume Cost

h h
patches arvested Felling | Skidding | Processing | Loading | Total




------ L — L T ——

A 3 21 0.75 997.5 2,63 5.07 3.69 217 16.22
B 1 3 0.63 1425 313 5.07 3.69 2.33 16.88
C 1 2 0.58 9% 342 5.07 3.69 2.52 17.37
D 1 20 0.90 950 2.20 346 3.69 2.96 14.98
E 1 2 0.90 95 2.20 346 3.69 342 1543
F 3 11 0.70 5505 284 5.66 2.26 3.27 16.68
G 5 29 0.69 13775 2.87 4.83 383 2.88 17.07
H 1 1 0.52 51 3.83 4.83 3.70 4.69 1971
I 1 5 0.34 2375 5.73 4.68 3.70 284 19.61
J 1 7 0.79 332.5 248 4.68 3.70 2.76 16.29
K 1 10 0.80 475 247 4.68 3.70 271 16.22
L 4 5.75 054 2731 3.62 4.68 3.70 2.80 1747
M 1 0.25 0.49 119 3.98 4.68 3.70 2.57 17.60
N 2 3 0.39 1425 4.99 382 3.70 257 17.75
O 1 4 0.59 190 332 382 3.70 257 16.08
P 1 3 0.78 142.5 253 382 314 4.69 16.84
Q 1 9 0.80 42715 247 382 314 4.69 16.78
Average 17 8.0 0.66 381.9 322 448 355 3.09 17.00

Total cost includes low-bedding ($1.12/n7) and coordination ($1.54/nt) for machine allocation.
Table 2. Large delay summarized from shift-level datafor each phase of 1ogging operations. Valuesin () represent %
of delay in each phase of logging.

Personal Mechnical
Activities SMH! delay Service | Walking® | Low-bed® delay Others* | Total
hour
Felling 76.5 25 325 115 2 15 1 21.75
(33 (4.2 (15.0) (2.6) (2.0 (13 (28.4)
Skidding 2235 10.25 10 10.75 3 1 2.7 37.7
(4.6) (4.5 (13 (13 (0.4 (1.2 (16.9)
Processing 835 35 05 8 6 0 0.8 188
(4.2 (0.6) (9.6) (7.2 (0.0 (1.0 (225)
Loading A 3 35 13 4 0 0 235
(36) (4.2) (15.5) (4.8) (0.0) (0.0) (28.0)
Total 467.5 19.25 17.25 43.25 15 25 45 101.75
(4.1 (3.7) (9.3 (3.2 (0.5 (1.0 (22.0)

'Scheduled machine hours

*Machine traveling between patches

*Transporting equipment between patches using alow-bed

*Poor layout, waiting for alow-bed, pre-work meting, plowing snow, and building bridge

Table 3. Skid trail and residual stand damage data after the Snip and Skid logging. Valuesin () represent the length of
skid trails created and produced logs.

Skid trail Scarring damage
Location length width width length #tree
(m) (m) (cm) (cm)




A 550 (250) 6.3 178 3% 10
B 345 (345) 45 176 52 11
C 370 (370) 49 153 354 19
D 264 (0) 0 0 0 0
E 295 (0) 0 0 0 0
F 730 (75) 6.5 165 405 2
G 880 (780) 6.2 155 346 25
H 105 (90) 57 171 68,6 8
| 685 (0) 0 0 0 0
J 40 (0) 0 0 0 0
K 400 (400) 55 130 403 31
L 340 (340) 51 204 474 10
M 0(0) 0 0 0 0
N 440 (440) 53 14.1 451 £
o) 295 (295) 53 137 56.5 11
P 100 (0) 0 0 0 0
Q 135 (135) 52 149 62.7 15




Appendix: Machine costs

Madil 3200B | John Deere | CAT 527 Madill Cat 320
Feller- 748 G Track 3800LL Limmit Head | Sdlf-Loading
Buncher Grapple Skidder | Butt'N Top Stroke Truck
OWNERSHIP COSTS Skidder L oader Delimber
Total purchase price (P) $ 585000 340000, 465000 570000 600000 270000
Expected life(Y) y 3 3 3 4 3 5
Expected life (H) h 12000 12000 9000, 10800 9000, 10500
Scheduled hourslyear (h)=(H/Y) h 4000, 4000, 3000, 2700 3000, 2100,
Salvage value as % of P (s) % 35 40 40 35 30, 35
Interest rate (int) % 10 10 10 10 10 10
Insurance (Ins) % 2.0 2.0 2.0 20 2.0 2.0
Salvage value (S)=(P* 5/100) 204750 136000, 186000, 199500 180000, 94500
Depreciation (D=(P-9)/Y)) $ 126750 68000 93000 92625 140000, 35100
Average investment (AV1)=((P-S* (Y +1))/2Y +S) 458250 272000 372000 431063 460000 199800,
Lossin resale value ((P-S)/H) $/h 31.69 17.00 31.00 3431 46.67 16.71
Interest rate ((int/100* AV1)/h) $/h 11.46 6.80) 12.40 15.97 15.33 951
Insurance ((Ins/100* AV1)/h) $/h 2.29 1.36 248 3.19 3.07, 1.90
Total ownership (OW) $/h 45.44 25.16 4588 5346 65.07] 2813
OPERATING COSTS

Wire rope (wc)$ 1000
Wireropelife (wh) h 9000
Fuel consumption (F) L/h 45 45 45 45 20, 375
Fuel (fc) $/L 05 05 05 0.5 05 05
Lube & oil as% of fud (fp) % 7| 7| 7 7 7
Annual tire consumption (t) no. 4 1
Tire & chain replacement (Tc) $ 4000 7500
Track & undercarriage replacement (Tc) $ 20000, 20000 20000 8000
Track & undercarriagelife (Th) h 4000 5000 5000 3000
Annua repair & maintenance (Rp=D*0.8) $ 101400 54400 74400 74100 112000 25000
Shift length (sl) h 12 12 12 14 12 12
Wages $/h

Operator 26.4] 23.85 24.65 24.98 2493 25.5

Hand delimber

Hand faller
Total wages (W) $/h 264 23.85 24.65 24.98 24.98 255
Wage benefit loading (WBL) % 35 35 35 39 35 35
Chainsaw, fuel & lube @ $18/d $/h 4.5
Wire lope (wc/wh) $/h 011
Fuel (F*fc) $/h 2250 2250 2250 2250 10.00 18.75
Lube & oil ((fp/100)* (F*fc)) $/h 158 158 158 159 0.70 131
Tire ((t*tc)/h) $/h 4.00 0.00 357,
Track & undercarriage (Tc/Th) $/h 5 4.00 4.00 2.67
Repair & maintenance (Rp/h) $/h 2535 13.60 24.80 27.44 37.33 11.90
Wages & benefits (W* (1+WBL/100)) 35.64 32.20 33.28 33.72 33.72 3443
Prorated overtime (((1.5* W-W)* (sl-8)
*(1+WBL/100))/d) $/h 5.9 5.37] 555 7.23 5.62) 5.74
Total operating costs (OP) $/h 96.01 75.24 9170 96.47 90.15 7213




TOTAL COSTS (OW+OP) $/h 141.44 100.40  137.58 149.93 155.22 100.26




