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Abstract 
The trend in harvesting systems has been towards increasing mechanization. In 1995, the Forest Engineering 
Research Institute of Canada (FERIC), with funding from Canada's Model Forest Program, monitored harvesdng on 
two operations—a conventional system (hand faller/hand delimber/line skidder) and a mechanical system (feller-
buncher/grapple skidder/stroke delimber)—to document the costs and productivities, employment levels, fuel 
consumption, and site disturbance. 
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Summary 
Forest harvesting operations should be conducted in the 
most effective manner to meet a given set of objectives. 
To meet productivity, cost and safety objectives, the 
trend in forest harvesting has been towards increased 
mechanization. However, in some communities, the 
economic advantages of increased mechanization may 
be offset by reduced employment, increased fuel 
consumption and increased site disturbance. In the 
Prince Albert Model Forest, because the integration of 
social, environmental and economic components of 
forest harvesting operations is a specific objective, an 
examination of these tradeoffs was desired. In 1995, the 
Forest Engineering Research Institute of Canada 
(FERIC), with funding from Canada's Model Forest 
Program, monitored two harvesting operations: a 
conventional system (hand faller/hand delimber/line 
skidder) and a mechanical system (feller-buncher/grapple 
skidder/stroke delimber). 

The overall implications of the results from this study 
wil l depend on the management objectives for a given 
forest area. The study found very little difference in fuel 
consumption per cubic metre of wood harvested 

between the conventional and mechanical systems (1.3 
and 1.6 L/m^, respectively). There was also little 
difference in site disturbance between the two systems. 
Slash, prior to site preparation, was more evenly 
distributed in the conventionally harvested area than in 
the mechanically harvested area. However, it is expected 
that site preparation would more evenly redistribute 
slash in the mechanically harvested area. The major 
differences between the conventional and mechanical 
systems, under comparable conditions, were cost 
($40.62 and $13.84/m\ respectively) and employment 
levels (0.07 and 0.01 worker-day/m^ respectively). 

If a forest company's objectives are to create employment 
and train new forest workers in entry level positions 
with a minimum of capital, then conventional harvesting 
could have a place in a forest operation. The results 
from this study are based on short-term data and are 
specific to the operations studied and the cost assumptions 
used. Therefore, caution should be used in applying the 
results directiy to other operations. In addition, post-study 
changes in training and mechanical availability in the 
conventional system may have been able to make an 
unpact on the magnitude of the cost differences. 



INTRODUCTION OBJECTIVES 
Forest harvesting operations should be conducted in the 
most effective manner to meet a given set of objectives. 
To meet productivity, cost and safety objectives, the trend 
in harvesting has been towards increased mechanization. 
Manual fallers and line skidders are being replaced with 
feller-bunchers, grapple skidders and mechanical 
processors, resulting in reduced worker risk and increased 
productivity. However, the economic advantages of this 
change may be offset by reduced employment, increased 
fuel consumption, and greater site disturbance. In the 
Prince Albert Model Forest, where the integration of 
social, environmental and economic components of 
forest harvesting operations is a specific objective, an 
examination of these tradeoffs was desired. 

In 1995, the Forest Engineering Research Institute of 
Canada (FERIC), in cooperation with Weyerhaeuser 
Canada Limited and the University of Saskatchewan, 
and with funding from Canada's Model Forest Program, 
monitored two contractor harvesting operations—one 
conventional and one mechanical. The conventional 
harvesting system was a First Nations enterprise, 
estabUshed primarily to create employment opportunities. 
This report describes the results from FERIC's study. 

The objective of this study was to compare fuel 
consumptions, productivities, costs, and employment 
levels, for the falling, skidding and processing phases, 
between the conventional and mechanical harvesting 
operations. Site preparation activities were not monitored 
in this study. An additional objective was to describe 
the site disturbance (in particular, the surface soil 
disturbance) resulting from these operations. 

SITE AND SYSTEM 
DESCRIPTION 

Site Description 
The study area was located about 110 km northeast of 
Prince Albert in the Whiteswan Mid-Boreal Upland 
Ecoregion - Mixedwood Section of central Saskatchewan 
(Padbury and Acton 1994; Kabzems et al. 1986). The 
area was divided into two study blocks: Block 1 which 
was 25.8 ha and Block 2 which was 7.4 ha. Block I's 
irregular shape was determined by the swampy perimeter 
(Figure 1). 

I I Mechanical system 

I I Conventional system 

I I Short skid (part of conventional system) 

^ Swamp 

Figure 1. Map of the study site. 



Block 1 was characterized by rolling topography, 
primarily with eluviated eutric brunisol soils with 
some areas of gleyed eluviated eutric brunisol soils in 
depressions, and organic soils in the swampy margins.' 
The soil texture was primarily loamy sand. The stands 
were old-growth forest of 1860-1890 origin and were 
a mixture of trembling aspen {Populus tremuloides), 
white spruce {Picea glauca), jack pine {Pinus 
banksiana) and black spruce {Picea mariana). The 
black spruce stands were primarily located adjacent to 
the swampy sites, while the jack pine and trembling 
aspen stands were located on the drier areas. Block 2 
had similar terrain but was a black spruce stand with 
smaller average tree diameter than Block 1. The stand 
types for the study site are shown in Table 1. 

An access road divided Block 1 into two areas. One area 
was two-thirds of the block and was harvested using 
the mechanical system. The remaining one-third was 
harvested using the conventional system (Figure 1). 
The objective was to provide the conventional and 
mechanical system contractors with approximately 
equal operating time within similar terrain and timber 
types. In order to better equate skidding distances 
and to facilitate cost and productivity comparisons 
between the two systems, approximately one-half of the 
conventionally harvested area was designated a "short 
skid" area. 

Block 2 was harvested usmg only the mechanical system. 
Site distiu-bance and slash distribution were monitored on 
Block 1 but not on Block 2. The sizes and volumes of the 
treatment areas are summarized in Table 2. 

Table 1. Stand Description 

Tree Crown Area 
Species" Composition height closure Conventional Mechaiucal" 

(%) (m) (%) (ha) (ha) 

Block 1 
Sw/At >75% sw 22.5-1- 55-80 ~ 8.7 
Sw/At 50-75% sw 17.5-22.5 55-80 2.6 1.9 
At/Sw 50-75% hw 22.5-1- 55-80 1.8 4.0 
Sw/Pj sw 17.5-22.5 30-55 3.0 — 

Sb sw 12.5-17.5 80-1- 1.0 2.8 
Total ~ ~ - 8.4 17.4 

Block 2 
Sb sw 12.5-17.5 80-1- — 3.2 
Sb sw 17.5-22.5 80-1- ~ 4.2 
Total ~ - - ~ 7.4 

^ Sw = white spruce; At = trembling aspen; Pj = jack pine; Sb = black spmce. 
'' sw = softwood; hw = hardwood. 

Includes the right-of-way for the Block 1 main access road. 

Harvesting Systems and Operating 
Procedures 

Conventional system. Widi the conventional harvesting 
system, three mbber-tired line skidders in the 68-kW 
power class—two Clark 664Cs and one Clark 664B— 
were used. The skidders were 15-1- years old and had 
been purchased to secure entry-level harvesting contracts 
with a low capital investment. Each crew was normally 
composed of a skidder operator, faller and delimber, 
although two-and four-member crews were observed. 
The faller felled trees (Figure 2), assisted the delimber, 
and helped the skidder operator to set chokers. The 

Figure 2. Hand faller. 

' Dr. Dvoralai Wulfsohn, Associate Professor, University of 
Saskatchewan, personal communication, March 1996. 



Stem Total 
Area size volume Volume 
(ha)^ (m^)" (m^)^ (m^/ha) 

Conventional 
Short skid (0-170 m) 3.5 - 847 245 
A l l 8.4 0.30 1 509 180 

Mechanical 
Block I ' ' 17.4 0.41 2 886 166 
Block 2 7.4 0.14 1 026 139 
A l l 24.8 0.33 3 912 158 

^ From post-harvest traverse. 
Weighted-average, based on scale of topped and deliiiibed trees. 
From company weigh-scale records. 

^ Includes the right-of-way for the Block 1 main access road. 

delimber (Figure 3) also topped trees and assisted the 
faller and the skidder operator. The skidder operator 
skidded the topped tree-length stems to the edge of the 
landing, removed any residual limbs with a chainsaw, 
and bucked the stems into sawlogs and pulp logs 
(Figure 4). The logs were then sorted, using the skidder, 
into softwood pulp, sawlogs and hardwood pulp decks. 
Each crew was paid according to the volume of wood 
skidded to its landing. 

No roads or bladed skid roads were constmcted on the 
area monitored by FERIC. Skid roads would typically 
have been constmcted by removing stumps with a small 
crawler ttactor; however, this machine was not available 
during the study. The maximum skidding distances for 
the crews were 250-450 metres. Skidding distances 
were affected by the requirement to keep each crew's 
processed wood separate, the rolling topography, the 
irregular shape of the block, and the lack of tmck haul 
roads within the block. The crews usually worked ten 
days followed by four days off. Servicing was done at 
the start or end of a shift. 

Figure 4. Skidder operator bucking at landing. 

Mechanical harvesting system. In the mechanical 
system used to harvest Block 1, a Caterpillar 325 feller-
buncher with a 56-cm Koehring chcular saw (Figure 5) 
was used to fall, partially sort and bunch. A John Deere 
748G grapple skidder with a 450-cm dual function 
grapple (Figure 6) was used to skid tree-length bunches 

« ~ 
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Figure 3. Hand delimber. Figure 5. Caterpillar 325feller-buncher. 



Figure 6. John Deere 748G grapple skidder. 

five days per week. Regular servicing was done at the 
end of each shift. Additional roads were constructed 
to keep skidding distances in Block 1 to a maximum of 
110 metres. A l l roads were constmcted by blading with 
a crawler tractor and were not ballasted. 

Block 2 was harvested by the same mechanical system 
as used in Block 1, except that a Case 1187 feller-buncher 
with a 51-cm Harricana circular saw felling head was 
used for portions of two shifts. No additional roads 
were constmcted, so skidding/forwarding distances 
were as long as 240 metres. A high-speed forwarding 
trail was created through a previously harvested block 
by removing stumps with the grapple skidder. 

to roadside. CaterpUlar 320 and Hitachi EX200 tracked 
carriers, each with a Pro Pac stroke dehmber (Figure 7), 
were used to remove limbs and tops and to sort. Finally, 
a Caterpillar 980 front-end loader was used to load 
tmcks and to distribute tops and branches across the 
harvested area (Figure 8). A l l equipment, except for the 
front-end loader, operated in two 12-h shifts per day, 

Figure 7. HitachiEXlOOwith Pro Pac stroke delimber. 

Figure 8. Caterpillar 980front-end loader spreading 
roadside debris. 

STUDY METHODS 

Shift-Level l\Aonitoring 
Harvesting activities were monitored with detailed 
timing and shift-level techniques.^ Detailed timing was 
used to determine the time to skid one tum of logs to 
the landing. The cycle time elements for this process 
are described in Appendix I. 

Fuel meters on each fuel tank were used to monitor fuel 
consumption by machine (Figure 9). Monitoring of all 
eqiupment was conducted on a shift-level basis. Scheduled 
machine hours (SMH) and productive machine hours 
(PMH) were monitored usmg machine activity recorders 
(i.e., Servis), which were mounted on mobile equipment.̂  
Because the personnel in the mechanical system worked 
a stmctured 12-h shift, scheduled machine hours for the 
mechanical system was 12 h. The conventional system 
crews worked shifts of variable lengths. Also, machines 
in the conventional system were intermittently idle 
because crews, parts or mechanical service were not 
available, sometimes for multiple shifts. Scheduled 
machine hours for the conventional system contractor 
were therefore based on the hours that both a crew and 
line skidder were available for work. 

Weyerhaeuser's weigh-scale records were used to 
calculate total harvested volumes, and sample scaling 
was done tiiroughout the trial to determine the average 
log size. The sample log scaling was also used to 
determine the cost and productivity for the short skid 

^ Detailed timing is the continuous timing of a process with a 
stopwatch, separating each cycle into individual time elements. 
Shift-level timing is the monitoring of machine activity on a per-
shift basis. 

' Scheduled machine hours is the time that a machine is sched
uled to work in one shift. Productive machine hours is the por
tion of the scheduled shift during which the machine is involved 
in a productive activity. 



Figure 9. Fuel meter on hand pump. 

area, which represented approximately the first half of 
the conventionally harvested area. 

Costing 
Operating costs per hour were calculated using FERIC ' s 
standard costing procedure, dealer-supplied equipment 
prices, interest at the time of the study, 1995 IWA labour 
rates,'* and projected repair and maintenance costs. The 
costs are calculated for comparison only and are not 
the actual costs of either operation. More detail on the 
costing assumptions is contained in Appendix II. 

Costs were calculated by phase for the two mechanically 
harvested blocks. Harvestmg of a right-of-way area was 
included in the cost and productivity calculations for 
Block 1. Costs for the conventionally harvested area 
were calculated for the whole area, as well as for the 
short skid area only, to examine the effect of skidding 
distance on productivity and cost. 

Site Disturbance Measurements 
Site disturbance was measured using procedures 
described by Curran and Thompson (1991). The area 
occupied by roads was determined by traversing the 
roads to obtain the length, and by measuring the width 
of the road at regular intervals from the toe of fill on 
one side to the toe of fill or top of cut on the other side. 
Landing area was also measured. The disturbance from 
roads and landings was presented as a percentage of the 
total area harvested. 

The sampling of disturbance throughout the harvested 
area was measured systematically at the intersection 
points of a 60-m x 60-m rectangular grid. Two 30-m 
transects were established at each grid point, one on a 
random bearing and the second at right angles to the 
first (Figure 10). Point observations were made at 1-m 
intervals along the transects; the surface material 

(humus or mineral), disturbance class (undisturbed, 
compacted, gouged or mounded), depth of disturbance 
(in centimetres measured from the undisturbed surface), 
and probable cause of disturbance were recorded for 
each of the 3 725 sample points. Observations were 
summarized as a percentage of the total observations, 
by type and depth class. 

Slash occupancy was systematically observed during 
the site disturbance surveys. Three ckcular plots, 2.52 m 
in radius (1/500 ha), were equally spaced along each 
site disturbance transect. The percentage of the area 
covered in slash was estimated for each of the plots, 
and all plots were averaged. 

RESULTS 

Fuel Consumption 
Details of the fuel consumption are shown in Table 3. 
Overall (Blocks 1 and 2 combined), the mechanical 
system used 2.5 times the fuel volume of the conventional 
system per scheduled machine hour (L/h). However, 
because of its higher production, the mechanical system 
used the same amount of fuel per volume harvested 
(L/m^). Skidding distances were different for the two 
systems; when compared with similar distances within 
the same block, the mechanical system used 18% more 
fuel (L/m^) than the conventional system. 

In the mechanical system, the felling and processing 
machines used the same amount of fuel per cubic metre 
of wood produced. These machines combined used 75% 
of the fuel used by the mechanical system. The grapple 
skidder consumed the remaming fuel. In comparison, the 
hand falling and delknbing activities in the conventional 
system used one-tenth of that system's fuel. The grapple 
skidder consumed 3 times the fuel per hour of the line 
skidder but less than one-half the fuel per cubic metre. 
More detail on the fuel, cost and productivity ratios by 
machine is given in Appendix IH. It is important to note 
that the difference in age of the grapple skidder (new) 
and the line skidders (15-1- years old) may have some ef
fect on the relative fuel consumptions. 

Harvesting Productivity 
The productivity and cost ratios for the two systems are 
summarized in Table 4 and Appendix IV by harvested 
area and machine, respectively. The mechanical system 

" rWA rates for the interior of B . C . were used because IWA rates 
were not available for Saskatchewan. The crews studied were 
paid based on volume produced and operating hours. 



Figure 10. Grid point and transect locations. 

Table 3. Fuel Ratios 

L/SMH L/PMH L/shift" L/m^ 

Conventional 
Short sldd (0-170 m) 4.3 5.7 19.5 1.3 
All 6.0 8.1 31.0 2.1 

Mechanical" 
Block 1 12.9 16.6 158.1 1.6 
Block 2 17.2 23.3 207.9 3.6 
Average (weighted) 14.5 19.0 173.7 2.2 

" One shift = 12 scheduled worker hours. 
Includes chainsaw fuel. 
Includes loader distributing and piling slash. 

produced 2.5 times the conventional system's volume 
per hour (m^/SMH) at approximately one-half the cost 
per unit volume ($/m^). 

When the two blocks harvested by the mechanical 
contractor are compared, the sensitivity of the system's 

fuel consumption, cost and productivity to tree size is 
evident. The average tree voliune on Block 1 was 0.41 m^ 
whUe on Block 2 it was 0.14 m^ With the smaller stem 
size, fuel consumption per scheduled machine hour 
increased by 35%, productivity decreased by 41 %, and 
cost increased by 70%. The decrease in productivity 



mVSMH m^/PMH mVworker-day S/m^ ̂  Worker-day/m^ Utilization" 

Conventional 
Short skid (0-170 m) 3.2 
A l l 2.8 

4.3 
3.8 

14.6 
14.3 

40.62 
45.87 

0.069 
0.070 

75.3% 
74.9% 

Mechanical 
Block 1 
Block 2 
Average (weighted) 

7.9 
4.7 
6.7 

10.1 
6.4 
8.8 

96.7 
57.4 
80.6 

13.84 
23.57 
16.47 

0.010 
0.017 
0.012 75.8% 

^ Costing is based on SMH as described in Appendix II. 
" Utilization = PMH/SMH • 100%. 

with decreasing piece size is similar to that found by 
Andersson (1994) in his Alberta studies. 

In the short skid area, which was harvested using the 
conventional system, maximum skidding distances 
were 110 to 170 m. The cost to roadside for the short 
skid area was 11 %, or $5 .OO/m ,̂ lower than for the entire 
conventionally harvested area, which had maximum 
skidding distances of 250 to 450 m. 

Table 5 compares the cycle time of the grapple 
(mechanical system) and line (conventional system) 
skidders. The skidding cycle times for the conventional 
system were 5 times as great as for the mechanical system. 
However, the skidding distances in the conventional 
system were on average 3 times as long as those in the 
mechanical system. Approximately one-half of the 
grapple skidder's time was spent in travel (empty and 
loaded), while the remaining time was used for 
maneuvering, hookup, delays and landing activities. In 
contrast, one-quarter of the Une skidders' time was spent 
in travel, 11% in bucking activities, and 18% in delays. 

Table 5. Detailed Timing of Skidding 

Grapple Line 
skidder skidder 

Cycle elements 
Travel empty (min) 0.81 2.05 
Maneuver (min) 0.37 0.67 
Hookup(min) 0.62 7.50 
Travel loaded (min) 1.23 3.45 
Bucking (min) - 2.51 
Decking/landing activities (min) 1.23 4.05 
Delays (min) 0.25 2.38 
Total cycle (min) 4.51 22.60 

Average distance (m) 69 227 
Stems/tum 22.5 8.6 

Appendix V shows regression analyses performed to 
determine the relationship between travel distance (x) 
and travel time (y). The times for empty and loaded 
travel combined were strongly related to distance for 
botii the grapple (r̂  = 0.71) and Ime (r̂  = 0.88) skidders.' 
The line skidder's cycle times were sinular to times 
reported by Mitchell (1994) for a slightly larger machine 
at a similar skidding distance. The grapple skidder's 
cycle times were also comparable with a previous FERIC 
stiidy by Araki (1994). 

Employment 
The mechanical system harvested more wood per 
worker-day than the conventional operation (mV 
worker-day) (Table 4 and Appendix IV). Conversely, the 
conventional system provided the greatest employment 
with 7 times the worker-days per cubic metre of wood 
harvested. 

Post-harvest Site Disturbance 
Table 6 shows the percentage of the sites occupied by 
roads and landings (non-dispersed disturbance), with 
one-half of the main access road in Block 1 attributed 
to each system. This road was built by the mechanical 
contractor, and was used by both the conventional and 
mechanical contractors. Landings represented 7% of 
the area harvested by the conventional contractor, and 
were constructed in the right-of-way of the main access 
road. The percentage of the conventionally harvested 
area occupied by roads was less than one-half of that 
in the mechanically harvested area. However, bladed skid 
roads would typically have been constructed for the 
skidding distances in the conventionally harvested area. 
In addition, secondary roads in the mechanically 
harvested area would be at least partially rehabilitated 

' r̂  is die coefficent of determination. It indicates the percentage 
of variation in the value accounted for by the regression. 



Conventional Mechanical 
Average Proportion Average Proportion 

Disturbance cause width Area of total zirea width Area of total area 
(m) (ha) (%) (m) (ha) (%) 

Landings ^ 0.58 7.0 
Pull-outs — 0.02 0.3 — 0.06 0.4 
Roads - secondary 

Cut or sidecast — — — 1.0 0.10 0.6 
Running surface — — — 7.2 0.67 3.9 
Sidecast — — 1.5 0.14 0.8 

Roads - main access 
Cut or sidecast 1.7 0.03 0.4 1.7 0.03 0.2 
Running siuface 6.6 0.13 1.5 6.6 0.13 0.7 
Sidecast 4.2 0.08 1.0 4.2 0.08 0.5 

Total roads — ~ 2.9 ~ ~ 6.7 

Total all sources 10.2 — — 7.1 

The mechanical system skidded tree length to roadside decks for processing and did not require separate landings. 
One-half of the Block 1 main access road was assigned to each system. 

during site preparation. Overall, the conventional system 
had 3% more area occupied in roads and landings. 

Dispersed disturbance and disturbance by type were 
similar for the conventional and mechanical systems 
in Block 1 (Table 7). Disturbance by depth class for 
compacted sites (disturbed humus and mineral soil 
surface conditions) is shown in Table 8. Overall, ap
proximately one-half of the sample points on both sites 
showed some disturbance. However, over 90% were in 
non-compacted, undisturbed or light (less than 6 cm 
deep) disturbance classes. Non-compacted and light 
dismrbances were not considered significant because 
the site preparation prescription calls for exposure of 
mineral soil to facihtate natural regeneration of jack pine. 

The disturbance by depth class for compacted sites 
(Table 8) shows that the mechanically harvested block 
had higher (9.5%) disturbance in the medium and 
higher disturbance classes (greater than 6 cm deep) than 
the conventionally harvested block (7.3%). Most of the 
deeper ruts were in the swamp margins with thick 
sphagnum moss layers, and the disturbance consisted 
mainly of soil displacement. Some deep mts were also 
observed in one steeper (>25% slope) section of the 
mechanically harvested area, caused by the skidder 
losing traction, primarily on the night shift. The primary 
cause of disturbance in both systems was single-pass 
skidder tracks (Table 9). Anotiier study, by tiie University 
of Saskatchewan, is determining the effect of machine 
traffic on specific soil characteristics. 

Table 7. Post-harvest Soil Surface Condition 

Conventional Mechanical 
Proportion of Average Proportion of Average 

Disturbance total area depth total area depth 
(%) (cm) (%) (cm) 

Undisturbed 48.8 — 49.0 — 

Disturbed 
Humus - compacted 36.2 3.8 30.5 4.7 
Mineral - compacted 3.8 7.0 5.2 8.6 
Other (non-compacted) 11.2 — 15.3 — 

Total disturbed 51.2 ~ 51.0 



Table 8. Post-harvest Disturbance by Depth Class 
(Compacted Classes Only) 

Proportion of total area 
Depth class Conventional Mechanical 

(cm) (%) (%) 

36 + 0.0 0.0 
31-35 0.1 0.0 
26-30 0.1 0.1 
21-25 0.3 0.1 
16-20 0.4 0.8 
11-15 0.9 1.8 
6-10 5.5 6.7 
0-5 32.8 26.1 

Total 40.1 35.6 

Table 9. Post-harvest Disturbance by Cause 

Proportion of total area 
Cause Conventional Mechanical 

(%) (%) 

Road/roadside decking 1.2 
Feller-buncher — 4.9 
Front-end loader — 2.6 
Skidder 

Single pass 34.8 22.9 
Multiple pass 5.1 3.8 

Other <0.1 0.2 

Total 40.0 35.6 

Although not apphcable to Saskatchewan, the Hazard 
Assessment Keys from the B . C . Forest Practices 
Code (BCMOF 1995) for die compaction/puddling, soil 
displacement and mass wasting hazards indicated a low 
hazard on the drier portions of Block 1. The wetter sites 
had a moderate hazard to compaction/puddling and soil 
displacement. 

Slash Dispersal 
The slash dispersal patterns were visibly different 
between the mechanically and conventionally harvested 
areas in Block 1. In the conventionally harvested area, 
slash was more evenly distributed while distribution 
was clumpy in the mechanically harvested area 
(Figure 11). When all slash plots were combined for 
each system, 46% of the surveyed area harvested by 
the conventional system was covered in slash, compared 
to 27% of the area harvested by the mecharucal system. 
In addition, 70% of the surveyed plots harvested by the 
mecharucal system had less than 30% of their surface 

area covered by slash, compared to the conventionally 
harvested area which had only 25% of its plots with less 
than 30% slash coverage. It is important to note that 
the site prescription calls for site preparation with 
chains or barrels in both harvesting areas, which will 
significantly alter the slash distribution. The site 
preparation is expected to distribute the slash more 
evenly in the mechanically harvested area. 

DISCUSSION 
Compared to the conventional system, the mechanical 
system produced wood at roadside at a lower cost 
per cubic metre, based on the assumptions used. The 
mechaiucal system has a higher capital investment than 
the conventional system and therefore is much more 
sensitive to interest rate changes. Based on the costing 
assumptions in Appendix I, wages represent 32% of the 
mechanical contractor's costs compared to 89% of the 
conventional contractor's. Table 10 shows examples of 
the effect of changing wages and interest rates (using 
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Figure 11. Slash distribution. 



comparable skidding distances). A change m wage rates 
affects the conventional contractor's costs ($/m^) 
3 times as much as the mechanical contractor's. 
However, changing interest rates have 10 times the 
effect on the mechanical contractor's cost than on the 
conventional contractor's. For example, an increase of 
10% in wage rates results in cost increases ($/m^) of 
3% for the mechanical contractor and 9% for the 
conventional contractor. A n increase of 2% in the 
interest rate results in cost increases of 1% for the 
mechanical contractor and 0.1% for the conventional 
contractor. The costing is based on new dealer list price 
for the mechanical system equipment and estimated 
used cost for the conventional line skidders. 

Clark no longer manufactures 68-kW skidders, but new 
Tunberjack and John Deere line skidders of comparable 
power cost $66 to $67/h for the skidder and an operator 
(Mitchell 1994) using FERIC's standard costing proce
dures. The cost for a used skidder and an operator was 
calculated at $44/h. The mechanical availability for 
new skidders would be greater than for the used skidders 
studied, and the repair costs would be less. However, this 
trial was too short to obtain an accurate estimate of 
mechanical availability and therefore excluded major 
mechanical delays. 

The costs shown for both contractors were derived from 
FERIC's standard analysis and assumptions, and are 
presented here solely for comparison. For example, the 

Table 10. Sensitivity Analysis of Cost 

% change in wage 
-30 29.74 
-20 33.37 
-10 37.00 
Base 40.63 
-1-10 44.26 
-1-20 47.89 

% change in interest rate 
-6 40.53 
-4 40:56 
-2 40.60 
Base (12.5%) 40.63 
+2 40.67 
+4 40.70 
+6 40.73 

" Based on short skid portion of conventionally harvested area. 
" Based on Block 1 portion of mechanically harvested area. 

conventional crew was paid based on volume produced 
at roadside by the whole crew rather than on an hourly 
basis. In addition, the conventional contractor reports 
that improved mechanical support, full-time access to 
a crawler tractor for skid trail and landing construction, 
and more crew experience smce the study have resulted 
in greater productivity.* Most conventional contractors 
have a maximum of only one faller per skidder and do not 
have a separate delimber. While the costs calculated for 
the conventional system are high, the conventional 
system included training opportunities in the delimber 
position. Although it is not possible to completely 
separate the skidding phase in this study because of 
overlapping duties, skidding is estimated to represent 
only one-third of the cost to roadside; the remaining 
two-thirds of this cost are attributed to faUing, delimbing 
and bucking. However, in another FERIC study with 
similar skidding costs, falUng and bucking costs were 
one-third of the total cost to roadside (Kockx et al. 1995). 

The costs of bringing wood to roadside shown in this 
report do not include the differences in Workers' 
Compensation Board rates, which at the end of the study 
were $13.50 and $23.50 per $100 of gross wages for die 
mechanical and conventional systems, respectively. 
Monitoring of safety issues in these operations was not 
part of this project. However, the increased safety risks 

* George Redford, Montreal Lake Band Enterprises Ltd., personal 
communication, January 1997. 

Mechanical 
Cost Change 

($/m )̂ (%) 

-26.8 12.51 -9.6 
-17.9 12.95 -6.4 
-8.9 13.40 -3.2 
0.0 13.84 0.0 

-1-8.9 14.34 -1-3.6 
+n.9 14.73 -̂ 6.5 

-0.3 13.43 -3.0 
-0.2 13.57 -2.0 
-0.1 13.70 -1.0 
0.0 13.84 0.0 

+0.1 13.98 +1.0 
+0.2 14.12 +2.0 
+0.3 14.26 +3.0 

Conventional ^ 
Cost Change 

($/m )̂ (%) 



in manual operations should not be ignored. The 
Workers' Compensation Board of Saskatchewan reports 
that total claims from 1992 to 1995 inclusive, when 
reduced to a cost-per-unit wage, were over 6 times as 
high for hand faller and line skidder operators than for 
feller-buncher and grapple skidder operators.'' 

CONCLUSION 

The overall impUcations of the results from this study will 
depend on the management objectives for a given forest 
area. The study found very little difference in fuel 
consumption per cubic metre of wood harvested and 
little difference in site disturbance between the conven
tional and mechanical systems. Slash dispersal, prior 
to site preparation, was more even in the conventionally 
harvested area than in the mechanically harvested area. 
However, it is expected that site preparation would 
redistribute slash in the mechanically harvested area 
more evenly. 

The major differences between the conventional and 
mechanical systems, under comparable conditions, 
were cost ($40.62 and $13.84/m^ respectively) and 
employment levels (0.07 and 0.01 worker-day/m^, 
respectively). If a forest company's objectives are to 
create employment and train new forest workers in entry 
level positions with a minimum of capital investment, 
then conventional harvesting could have a place in a 
forest operation. The results from this study are based 
on short-term data and are specific to the operations 
studied and the cost assumptions used. Therefore, caution 
should be used in applying the results directly to other 
operations. 
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Cycle Time Elements 

Activities were separated into the time elements defined below: 

Travel empty 

Maneuver 

Hookup 

Travel loaded 

Bucking 

Decking/landing 

Delays 

Travelling from the landing to the hookup location 

Aligning the skidder to the bunched or individual stems 

Hooking up one to two bunches of stems, or 6-12 individual stems 

Travelling to the landing 

Bucking the stems into pulp- and sawlogs (conventional system only) 

Unhooking, decking, and sorting logs 

Any activities that interrupt a productive function 



Costing Spreadsheet ° 

John Deere Cat 320 Hitachi EX200 Clark 664 
Cat 325 748G with PRO Pac with Pro Pac Cat 980 line skidder 
feller- grapple stroke stroke front-end with faller 

buncher skidder delimber delimber loader & delimber 

O W N E R S H I P C O S T S 

Total purchase price (P) $ 563 000 270 000 400 000 310 000 476 000 20 000 " 
Expected Ufe (Y) y 2.3 2.3 2.8 2.8 4.6 4.6 
Expected life (H) h 10 000 10 000 12 000 12 000 10 000 10 000 
Scheduled hours/year (h)=(HA') h 4 320"= 4 320"̂  4 320"̂  4 320' 2 160'' 2 160" 
Salvage value as % of P (s) % 20 20 20 20 20 20 
Interest rate (Int) % 12.5 12.5 12.5 12.5 12.5 12.5 
Insurance rate (Ins) % 2.0 2.0 2.0 2.0 2.0 2.0 
Salvage value (S)=((P«s)/100) $ 112 600 54 000 80 000 62 000 95 200 4 000 
Average investment (AVI)=((P+S)/2) $ 337 800 162 000 240 000 186 000 285 600 12 000 
Loss in resale value ((P-S)/H) $/h 45.04 21.60 26.67 20.67 38.08 1.60 
Interest ((InfAVI)/h) $/h 9.77 4.69 6.94 5.38 16.53 0.69 
Insurance ((Ins*AVI)/h) $/h 1.56 0.75 1.11 0.86 2.64 0.11 
Total ownership (OW) $/h 56.37 27.04 34.72 26.91 57.25 2.41 

O P E R A T I N G C O S T S 

Wire rope (wc) $ - - - - 1 350 
Wire rope life (wh) h ~ - - - - 2 160 
Fuel consumption (F) L/h 20.1 13.0 12.3 12.3 20.0 5.8 
Fuel(fc) $/L 0.42 0.42 0.42 0.42 0;42 0.42 
Lube & oil as % of fuel (fp) % 15 15 15 ' 15 15 15 
Annual tire consumption (t) no. - 4 - - 1.6 2 
Tire & chain replacement (Tc) $ — 3 902 — — 4 500 2 146 
Track & undercarriage replacement (Tc) $ 30 000 - 25 000 12 000 - -Track & undercarriage life (Th) h 6 000 - 15 000 9 000 - -Annual repair & maintenance (Rp) 

= (((P-Tc)«0.8)A') $ 184 205 87 918 108 000 85 824 82 253 1 973 
Shift length (sl) h 12.0 12.0 12.0 12.0 12.0 12.0 
Wages $/h^ 

Operator 23.20 21.38 22.40 22.40 22.40 21.10 
Hand delimber - — — - - 20.86 
Hand faller — — — — 31.76 

Total wages (W) $/h 23.20 21.38 22.40 22.40 22.40 73.72 
Wage benefit loading (WBL) % 35 35 35 35 35 35 

Chainsaw, fuel & lube @ $18/d $/h — -- — 4.50 
Wire rope (wc/wh) $/h - — - - - 0.63 
Fuel(F«fc) $/h 8.45 5.48 5.17 5.17 8.40 2.42 
Lube & oil ((fp/100)«(F«fc)) $/h 1.27 0.82 0.78 0.78 1.26 0.36 
Tires ((ftc)/h) $/h — 3.61 — — 3.38 1.99 
Track & undercarriage (Tc/Th) $/h 5.00 - 1.67 1.33 - -Repair & maintenance (Rp/h) $/h 42.64 20.35 25.00 19.87 38.08 0.91 
Wages & benefits (W«(1+WBL/100)) $/h 31.32 28.86 30.24 30.24 30.24 99.53 
Prorated overtime (((1.5«W-W)«(sl-8) 

•(l+WBL/100))/sl) $/h 5.22 4.81 5.04 5.04 5.04 16.59 
Total operating costs (OP) $/h 93.90 63.94 67.90 62.43 86.40 126.93 

T O T A L O W N E R S H I P A N D O P E R A T I N G C O S T S (OW+OP) $/h 150.28 90.97 102.64 89.34 143.65 129.33 

^ These costs are based on F E R I C ' S standard costing methodology for determining machine ownership and operating costs. They do not 
include supervision, WCB premiums, profit, or overhead, and are not the actual costs for the contractor or company studied. 
Used purchase price estimate. 

" Hours/year= ISOd/y •24h/d = 4 320. 
" Hours/year = 180 d/y • 12 h/d = 2 160. 
" Wages are based on 1995 IWA rates for the interior of B.C. 



Fuel Ratios by Machine 

L/SMH L/PMH L/worker-day L/m^ 

Conventional 

Chainsaw (fall/dehmb) 
Short skid (0-170 m) 
All 

Line skidder 
Short skid (0-170 m) 
All 

Mechanical 

FeUer-buncher 
Block 1 
Block 2 
Average (weighted) 

Grapple slddder 
Block 1 
Block 2 
Average (weighted) 

Delimber 
Block 1 
Block 2 
Average (weighted) 

Front-end loader 
Block 1 ^ 
Block 2" 
Average (weighted) 

0.1 
0.4 

4.2 
5.6 

15.0 
24.7 
19.3 

12.6 
16.6 
13.0 

11.7 
13.5 
12.3 

20 
20 

0.2 
0.6 

5.5 
7.6 

19.2 
35.0 
25.9 

16.6 
19.0 
17.4 

15.0 
17.8 
15.9 

20 
20 

0.9 
3.7 

49.9 
28.1 

179.8 
296.8 
231.9 

150.9 
164.6 
155.8 

140.2 
162.2 
147.8 

240 

0.0 
0.2 

1.3 
2.0 

0.4 
1.6 
0.8 

0.5 
0.8 
0.5 

0.7 
1.2 
0.8 

0.1 
0.0 
0.1 

Estimated distribution of roadside processing debris; does not include truck loading. 
Estimated piling of roadside processing debris; does not include truck loading. 



Cost and Productivity Ratios by l\1achine 

mVSMH m^/PMH mVworker-day $/m^ 
Utilization 

(%) 

Conventional 
Chainsaw (fall/deUmb) 

Short skid (0-170 m) 
AU 

3.2 
2.8 

23.5 
20.7 

26.83 
30.93 

Line skidder 
Short skid (0-170 m) 
AU 

3.2 
2.8 

4.3 
3.8 

38.4 
34.0 

14.52 
16.59 

Mechanical 
FeUer-buncher 

Block 1 
Block 2 
Average (weighted) 

Grapple skidder 
Block 1 
Block 2 
Average (weighted) 

Delimber 
Block 1 
Block 2 
Average (weighted) 

Front-end loader ^ 
Block 1" 
Block 2' 
Average (weighted) 

34.0 
15.0 
25.5 

27.6 
18.0 
24.2 

17.1 
11.5 
15.2 

360.7 
513.2 

43.6 
21.3 
34.2 

36.5 
24.9 
32.5 

21.9 
15.1 
19.6 

407.8 
180.4 
226.1 

331.1 
216.3 
290.6 

205.2 
138.1 
182.0 

4 328.9 
6 158.2 

4.42 
10.02 
5.89 

3.30 
5.05 
3.76 

5.61 
8.35 
6.31 

0.40 
0.28 
0.37 

74.7 

74.5 

77.3 

" Volumes are cubic mettes of processed wood that produce the debris. 
Estimated distribution of roadside processing debris; does not include truck loading. 

' Estimated piling of roadside processing debris; does not include truck loading. 



Regression Analyses 

Grapple Skidder (Meclianical) 

Distance (m) 
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companies, the Government of Canada, and the provinces. Our mission is to 
provide these members with the knowledge and technology to conduct 
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