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The handbook does not attempt to define a single “best” system for any site. Instead, it
presumes that readers need to be aware of the key factors that influence the probability of
achieving success with any given combination of equipment and site characteristics.
Readers will then use their own judgement to evaluate the merits of the various options.
The information in the handbook should be considered only as part of an overall process
for equipment selection which will vary from company to company.

Cable Primary Transport
Roadside versus landing
As with ground-based equipment, yarders can be used in roadside or landing operations,
and many of the factors that apply to ground-based systems also apply to cable systems.
The ability to separate the yarding and loading phases results in increased efficiency,
and the safety aspects are improved because of decreased congestion around the landing. Refer to the discussion for ground-based operations for additional information.
O P E R AT I O NA L

Roadside operations for cable systems are often limited to swing yarders because of their
ability to pile the logs away from the immediate landing area.
Figure 122 (L)
The terrain was too
steep for decking off
the road, and the
swing capability of the
yarder was required to
land the logs on the
road.

Figure 123 (R)
Small landings on
steep hillsides often
require that a yarder
and loader work
together to prevent
logs from slipping
down the
embankment.

Unlike ground-based systems, swing yarders can be used for roadside operations even
on steep ground. Processing is usually done manually, and the sideslope must only be
low enough to allow the logs to be decked without sliding back into the cutblock. About
60% is the maximum for piling logs with swing yarders configured for grapple yarding.
For steeper areas, where the logs cannot be piled adjacent to the road, they can be piled
on the road. Since a clear travel corridor out of the cutblock must be maintained at all
times from the yarder, it must work from the back of the cutblock to the front. In turn,
this requires that the full length of the road be yarded before loading commences to allow
free access for the loader and trucks. Road layout that includes several spurs can help
with scheduling the yarding and loading.
For yarding to landings, towers may be paired with an auxiliary machine, (e.g., a loader,
skidder, or stroke delimber) to remove the logs after unhooking. In very steep locations,
the loader may be required to hold the logs as they are unhooked, or the landing must
provide a flat surface large enough to land the logs. However enlarging the landing may
result in unacceptable or excessive soil disturbance and decrease the deflection for uphill
yarding. Two-stage, “stepped” landings can help. Without a helper machine, the
sideslope must also be low enough to unhook the logs safely without them sliding back
into the cutblock. Various toothed devices that can be anchored to stumps can hold the
logs safely while they are unhooked.
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Figure 124
Because of insufficient
room to pile and load
the logs near the tower,
a skidder forwarded the
logs to a landing.

In addition to roadside and landing systems,
cable yarders can also be used in “cold deck”
systems in which the logs are yarded first to an
intermediate location away from the truck road,
and then yarded to the final destination over a
second cable system. Cold decks were common in the early 1900s, when logging railways
were located only in the valley bottoms, and
cold decks provided access to steep areas
where the railways could not be built. This system may be appropriate today for locations
such as hanging valleys where road access is
impossible.
E N V I R O N M E N TA L

Even though there is no machine traffic to cause
compaction on areas adjacent to the landing,
soil disturbance may occur within the yarding
roads themselves. Soil disturbance on the immediate roadside areas are less of a concern
because the loading and
processing phases typically
occur on the road itself.
However,
the
debris
cleanup and water flow restoration issues are similar
between the two systems.
Being more typical of
coastal areas where heavy
precipitation is common,
adequate drainage must be
maintained at all times
for cable-based roadside
systems.

Figure 125
The loader and
stationary processor
were located about
150 m from the tower.

Large landings on steep ground can occupy a significant area. Landing size must be minimized, consistent with safe and economical operation. Proper drainage patterns must
be maintained around landings to prevent surface water from being concentrated. Downhill yarding with towers tends to concentrate the water flow in the tracks left by the logs.
Figure 126
A swing yarder
configured for
grapple yarding and
a loader working in a
roadside operation.
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In some situations, cold
decks can be used to avoid
roadbuilding in difficult
areas. Various combinations
are feasible: yarding to the
cold deck with subsequent
yarding to the roadside,
yarding and then skidding,
or skidding and then
yarding. Site-specific conditions will determine what
layout will work best for a

particular location, and a cost-benefit analysis will help to choose between building the
road and “swinging” the timber to an existing road.
Full or partial suspension
For most cable operations, one end of the logs is lifted off the ground while the other
end drags on the ground. This minimizes the stress on the yarder, cables, and anchors.
However, some yarders can lift the payload clear above the ground to avoid any disturbance to the soil or residual forest. To achieve full suspension, the appropriate yarder must
be used, and the cutblock layout must
allow for adequate deflection and clearance.
O P E R AT I O NA L

When laying out a cutblock for full suspension,
the planner must ensure that there is adequate
room to accommodate the cable sag, the length
of the logs, the height of the carriage, plus the
clearance above the residual stand. Various analytical procedures and computer programs are
available to calculate the payload for different
machines and ground profiles.

Figure 127
Skylines can lift the
logs completely free of
the ground to clear
obstacles.

The skyline anchors must also be strong enough
to support the loads imposed by full suspension.
Stumps are usually used for anchors, but fabricated anchors may be required where the
stumps are too small or too decayed.
Highlead machines are not typically capable of
full suspension because the only way to increase lift is to apply more braking pressure to the haulback. Neither the brakes nor the
haulback is designed for the additional stress. A skyline system is usually required for
full suspension. Gravity slacklines, slacklines, and running skylines are all capable of
full-suspension operations.
An alternative setup for
highlead machines is to use
a “scab” skyline that links
the butt-rigging with a rider
block that runs on the
haulback line. This configuration provides more lift
than normal, although not
as much lift as a full-fledged
skyline, and full suspension
is feasible only for short distances. However, this skyline causes more wear on
the lines and brakes, and is not used extensively.

Figure 128
The rider block
between the haulback
and the butt-rigging
transforms this
highlead yarder into a
“scab” skyline
configuration to
provide additional lift.

E N V I R O N M E N TA L

Full suspension over sensitive areas may eliminate the need to build roads for accessing those areas. However, the layout must be based on the “total-chance” concept, not
just on the single cutblock. By looking at the total layout, the planner is assured that the
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road eliminated by full-suspension logging today will not be required for tomorrow’s
adjacent cutblock.
With their capability of fully suspending the payloads, skylines can substatially
reduce soil disturbance in sensitive areas, given favourable topography and careful layout. The locations where scouring does occur are limited to spots where deflection is
inadequate, and the logs are dragged across the ground. However, full suspension does
not imply zero impact. The skyline cable must be lowered to the ground periodically
for maintenance, which can do some minor damage to plantations or no-logging zones.
Debris may be dropped from the logs into the fly-over zones during inhaul, and the logs
come in contact with the ground at the hookup site and the landing.
Tailhold anchors
Four basic methods are used to anchor the cables at the backline: stump-rigging,
backspar trees, mobile tailholds, and alternative anchors.
O P E R AT I O NA L

A primary consideration for cable layout is the amount of clearance under the cables
at the backline. Highlead systems can operate with little clearance, and the butt-rigging
can even drag on the ground over short distances. In contrast, the carriages and grapples for skylines or grapple yarders must be suspended in the air at all times. The type
of tailhold determines the amount of clearance under the cables at the backline.
Figure 129
This stump provides a
secure anchor for the
skyline.

Stumps work well for highlead anchors. The stumps
may be located at the
cutblock boundary, or beyond the boundary to
increase the clearance. To
withstand the cable tension,
the stumps must be of
adequate size, free of decay,
and well rooted. Several
stumps can be used together
when single stumps are
inadequate. Failures of
stump anchors are costly and dangerous because of the risk to on-the-ground workers.
The Cable Yarding Systems Handbook (Workers’ Compensation Board 1993) provides
information about various rigging methods and stump selection.

Figure 130
Hydraulic excavators
are commonly used
for backspars with
grapple yarders.
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Stumps can also be used for
anchors for swing yarders
configured for grapple
yarding, especially if they
are situated on small
outcroppings to provide additional clearance for the
grapple at the back end. If
clearance is inadequate for
the grapple, it can be replaced with chokers for the
last few metres near the

tailhold. If the tailhold is too high above the ground, the grapple will have difficulty
reaching the ground to hook the logs.
However, swing yarders configured for grapple yarding operate more quickly than
highlead towers, requiring the yarding roads to be changed more often. Mobile tailholds
greatly increase the efficiency of changing roads. Hydraulic excavators are preferred over
crawler tractors for use as backspars for several reasons: they are more mobile, can easily
clear obstacles out of the way, and can position themselves for yarding or travelling by
turning the superstructure without spinning the tracks. Stability is provided even without a guyline by resting the bucket on the ground. The boom height provides ground
clearance for the grapple adjacent to the backspar. In contrast, crawler tractors cause
more soil disturbance because they are turned for every yarding road, and are best suited
as backspars when they can remain on the truck roads.
The mobile backspar requires a trail for travelling
along the backline. At a
minimum, the trail must be
cleared of all logs, or may
require some minor excavation that maintains natural
drainage patterns. Some
companies prefer to use the
same machine for both
trailbuilding and yarding,
while others pre-build the
trails with a different machine. The advantage of
using separate machines is that trails can be built with a machine in better mechanical
condition and operated by a worker more experienced with pioneering. During operations, the actual backspar machine simply follows the pre-built trail, with no additional
excavation required.

Figure 131
A skilled worker is
required to rig the
backspar tree.

Backspar trees are appropriate for skyline systems in areas of poor deflection, such as
near the top of a rounded ridge. The stand must contain trees large and sound enough
to serve as backspars, and rigging the tree requires skill that the typical crew may not have.
The backspar also provides ground clearance for the carriage at the backline, although this
clearance can sometimes be obtained with stump-rigging by extending the skyline into the
standing timber beyond the cutblock boundary.
Beyond providing additional clearance at the
backline, increasing the anchor height with backspars
increases the clearance over
the full length of the cable,
which can reduce the occurrence of hangups.

Figure 132
These cables lead to a
buried anchor.

In areas where the stumps
are inadequate to serve as
tailholds, it may be necessary to use alternatives such
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as deadmen, rock bolts, and tipping plates. These methods require some installation time
and additional equipment, so they are generally used as a last resort.
E N V I R O N M E N TA L

Increased backspar height results in increased lift for the payload and less soil disturbance. Depending on deflection, the use of backspars can increase the amount
of area available for logging to each landing, and thus reduce the road network
requirements.
Mobile backspars may require bladed trails which can increase the amount of soil
disturbance. Mats can reduce the amount of excavation required for the backspars.

Figure 133
Lights on the grapple
yarder make nightime
operations feasible.

Operating period
The same economic and operational factors apply to nighttime operations with cable
systems as to ground-based systems. See the section on ground-based systems for additional information.
O P E R AT I O NA L

Systems that employ on-theground workers to hook
chokers are limited to daylight operations.
Swing yarders configured
for grapple yarding can
be operated at night if
equipped with adequate
lighting. The lights are located at the roadside and
must be powerful enough to
illuminate all the way to the backline. During inclement weather, it may be difficult to
see all the logs to ensure that the utilization standards are being met.
Protection of the residual stand
In cable yarding, protection of the residual stand typically refers to partial cutting or to
protecting trees outside the actual cutting area. Protection of advance regeneration in
a clearcut is difficult with cable systems because the whipping effect of the cables may
knock over the small trees. Pulling the logs from the felling site to the corridor (“lateral
yarding”) may also damage the residual stems.

Figure 134
To minimize damage
to the residual stand,
the logs are first
winched into the
skyline corridor using
the dropline, and then
the carriage and logs
are pulled up to the
yarder.

O P E R AT I O NA L

Full-suspension skyline systems can lift logs over plantations located between the
road and the cutblock. This
can eliminate some road
construction through existing plantations.
Falling is difficult and dangerous in partial cuts in
large timber because of the
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overhead hazards. Limbs
and tops may break off or
the trees may get caught in
the residuals. Faller safety is
a primary consideration.
However, partial cuts can be
carried out with conventional equipment (Bennett
1997).
E N V I R O N M E N TA L

In partial cutting, protecting
the advance regeneration
within the cutblock is feasible only with skyline systems. In other systems, the whipping
motion of the cable is likely to knock over the residual stems.

Figure 135
This stand was
selectively harvested
from a series of
corridors using a small
skyline yarder. The low
volume on each road
made it feasible to
yard with a tower and
pile the logs at the
roadside without
requiring a loader to
stay on-site
continuously.
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Aerial Primary Transport
Destination
Helicopters typically require a central landing for processing the timber and loading
trucks. High-production operations may require more than one landing to be used concurrently because the number of logs transported can be too great for a single site.
Landings are usually located on land, but in coastal regions, water drops are
commonly used when the cutblocks are located close to a large body of water. Standard procedures such as confinement of floating debris to the landing area must be put
into place with water drops.
Figure 136
Water drops are
preferred for coastal
locations that are
within economic flying
distance of a suitable
drop site.

Helicopter logging contractors are likely to have
individual preferences about landings, which
should be discussed and agreed upon early in
the planning stage.
O P E R AT I O NA L

The landing equipment complement must be
matched to the helicopter’s production rates
because production delays are very costly. All
activities should be separated into individual
zones to maximize worker safety in the busy
environment. The landing must be well organized to remove the timber from the drop zone
as soon as possible so the helicopter always has
a clear area for landing the timber.

Photo courtesy of
Helifor Industries Ltd.

The landing or drop-zone should be situated as
close to the cutblock as practical to reduce the
flying time. The glide angle should be calculated when the altitude difference between the
cutblock and the landing is large — too-steep glide slopes can actually increase the flying
time.
E N V I R O N M E N TA L

The size of the landing may become an issue. Planning an area so that one landing
can be used for several cutblocks over a period of years will reduce the amount of
disturbance.
A plan for debris disposal must be prepared, both for water- and land-based landings.
Large amounts of debris can accumulate because a large volume of timber is processed
through each landing. Water-based operations must include a provision for confining
the debris to the landing area before it is removed.
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Falling
Tree orientation
Orienting the trees properly for the skidding or yarding phase is one of the most important tasks performed by the faller. As trees are being yarded or skidded, they become
aligned with the direction of travel; however, the trees may not “want” to be felled in
that direction. Sideslope,
tree lean, obstacles, partial
cutting prescriptions, and
bucking preferences can all
influence the falling direction. When that happens,
trees must be pulled into
alignment as skidding or
yarding begins.

Figure 137
Hydraulic jacks may
be required for
directional control
when falling in
difficult terrain near
sensitive sites.

Improper alignment reduces
productivity for extraction
and increases the possibility
of stem breakage. Other
effects include more soil disturbance, increased damage to residual trees in a partial cut,
increased safety hazards, and possible equipment breakage. To minimize these detrimental effects, the falling crew must be aware of the proposed yarding or skidding
direction before falling begins, and fall the trees accordingly.
Clearly, feller-bunchers can lay the bunches in almost any orientation, but feller-directors, feller-processors, and hand-fallers can all influence the orientation of the trees. With
hand-fallers, directional falling is standard practice — fallers usually use the tree’s natural
downhill lean as the starting point, and then use wedges to alter the falling direction
slightly. In extreme cases, such as near sensitive zones where falling against the natural
direction of lean is required, small hydraulic jacks or other mechanical aids may be
required to control the falling direction.
In partial cuts, a “herringbone” pattern is commonly
used for falling the trees
as a compromise between
proper alignment for extraction and having the most
trees available in each corridor. Trees are felled at an
angle towards the corridor
to minimize the turning
angle once they reach the
corridor.

Figure 138
Tree alignment is also
important on gentle
terrain. By falling the
trees across the slope,
hookup is easier and
productivity is
enhanced for yarding
with a grapple.

Site for bucking
Falling and bucking are often performed by the same worker, especially for cable yarding
methods and large timber. Bucking the trees into shorter lengths makes them easier to
handle during extraction and minimizes breakage. Furthermore, some trees are simply
too large to handle unless they are bucked into logs, or may be too awkward to handle
in the landing. These trees must be bucked into logs, but the same rationale does not
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necessarily apply to every tree for two reasons: safety and overall economics. The
severe terrain on some cutblocks precludes bucking — it is simply too dangerous to work
— and the trees must be yarded full-length. This situation often results in a congested
landing.
However, the effects of the bucking site on total costs are not always as clear. Having
the fallers buck the trees into logs means performing a task with a highly paid worker
that could be accomplished just as easily on the landing by a lesser-paid worker. Furthermore, the landing bucker may be able to examine the entire tree more easily
before bucking, and make a better decision. By bucking at the stump, breakage is
reduced and yarding efficiency may be improved, but with additional labour cost for
the faller. One FERIC study identified a range of additional cost savings that could accrue
to the overall system by waiting until the last possible moment in the harvesting sequence
before bucking the trees. The fewer pieces handled at each stage resulted in lower costs,
and bucking at the sortyard increased revenues (Araki 1996).
On the other hand, having the faller pre-bunch the trees by hand when yarding very
small timber can significantly reduce yarding costs, and be an overall benefit. Each situation should be examined individually to determine the best procedure.
Regardless of the bucking site, the worker must try to maximize the timber value by
bucking the tree at the optimal lengths.
Sorting
Feller-bunchers can be used to sort the trees before skidding. This has little effect on the
skidding productivity, but provides a valuable benefit for the processing and loading
phases. The timber can be decked at roadside in sorted piles so that neither the processor nor loader must sort. Depending on corporate requirements and the stand characteristics, the sorts can be made according to size, species, or grades.
If the volume per hectare is high enough, sorting during falling could be as simple as
dropping the trees into different bunches. With more scattered timber, the feller-buncher
may have to accumulate a few stems before travelling a short distance to build a
homogenous bunch. The bunches should be properly sized for the skidder to minimize
its travel between bunches to accumulate a full load.
Alternatively, the falling can be done in stages by falling and skidding first one sort and
then the other. This technique works well for different-size trees — the smaller (more
numerous) trees are harvested first to avoid damage and breakage from the larger trees.
Multi-pass falling is more expensive because the feller-buncher must travel twice over
each section of ground, but the skidding costs do not change.
Hours of operation
For safety reasons, hand-falling can occur only during daylight hours, but mechanized falling
can take place at any hour — lights on the felling equipment provide sufficient illumination to work safely. However, some items such as boundary marks or tree-quality indicators may be overlooked at night, especially during inclement weather. Commonly, daylight
hours are used for cutting near the boundaries and nighttime for cutting the interior of the
cutblock to reduce the risk of trespassing beyond boundary lines. This approach is especially important along boundaries of riparian zones or other sensitive areas.
Travel direction
On steep ground, feller-bunchers must travel straight up and down the slope for maximum machine stability, but the feller-buncher can travel in any direction on more
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gentle terrain. The two options are to travel along the contour (parallel to the road), starting at the back of the cutblock, or to travel perpendicular to the contours and the road.
By working along the contour, the upslope area is already cleared, and bunches can be
placed in any location with less swing required by the feller-buncher. In contrast, when
working perpendicular to the contour, the feller-buncher must swing more, half of the
upslope semicircle will always contain standing timber, and the bunches must be placed
more carefully. But the perpendicular track provides the advantage of completing the
full depth of the cutblock earlier, making it available for skidding. The inventory of felled
timber can be reduced with the perpendicular track, a particular advantage for winter
logging when snow may bury the felled trees.

Processing
Sorting
Sorting decreases the processor efficiency and increases costs — separating the trees
prior to skidding can be a better solution than sorting with the processor — but is not
always feasible. Various solutions have been devised for sorting in roadside operations,
and most involve placing the processed logs at different angles to the road, at different
set-backs from the ditchline, or on the opposite side of the road. Each of these methods requires more room
than would be required
without sorting. Regardless
of the method used to distinguish the different sorts, they
must provide a clear separation that is obvious to the
loader operator.

Figure 139
These logs are sorted
into separate piles for
sawlogs and pulp in
preparation for
loading.

Sorting on the landing can
be more or less difficult than
at the roadside. With a frontend loader to take the logs
away from the processor
and enough room to stockpile several sorts on the landing, sorting should be easy.
However, with restricted space, or with a swing loader, sorting on the landing becomes
more difficult. Full loads of each sort must be set aside before loading, and space may
be at a premium.
Mechanical processing in low-productivity situations
When working on a landing, the processor may be idle for a significant portion of its
time if the skidder production is low. The processor is limited to whatever timber is
delivered to the landing by the skidders, thus incurring higher costs. Using the same
machine for both processing and loading can reduce costs in such circumstances. In
one situation, FERIC observed a dangle-head processor loading logs while the regular
loader was broken down, and another instance where a stroke delimber was used regularly for loading. The processor loaded the trucks whenever the production fell below
four loads per day, but a conventional loader was used at higher levels. While loading,
the processor was parked on a ramp behind the trucks that allowed it to reach the full
height of the load. FERIC believes that an opportunity exists to design and develop equipment specifically for this multi-function role in low-productivity situations, perhaps by
using a quick-connection coupling for a dangle-head processor. The processor head
could be replaced with a loading grapple as required.
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Without the processor being used in such a multi-function role, processing costs can
be improved by operating on several sites close to one another so that skidding, processing, and loading can be segregated. Travel time between sites is an important factor, so
having several landings within a single cutblock can be beneficial.

Loading
Landing versus roadside
The suitability to landings or roadside methods depends on the type of equipment. Frontend loaders are usually used for landing operations, and are less suited for roadside
operations because of their space requirements and their need for a flat travel surface.
Swing loaders are more flexible — line and hydraulic loaders can be used for either
method, while butt ’n top loaders are designed for roadside operations.
For swing loaders, the roadside terrain influences the choice between landing and roadside methods. A butt ’n top loader can travel on the unprepared surface adjacent to the
road in flat terrain, but this may not be possible on steeper terrain. Alternative methods
will be required: landings may be required or the loader can load over the cab from the
front of the truck (although this procedure is inefficient). Neither method is desirable over
an extended time period, but either may be required as a short-term solution.
For cable yarding systems, the choice between roadside and landing operations
depends more on the extraction phase than the loading phase. The critical factor for
choosing between roadside and landings is the ability for the extraction phase to pile
the timber adjacent to the road — line and hydraulic loaders can be used in either situation. On roadside operations on very steep terrain, line loaders, unlike hydraulic loaders, can retrieve logs that may have slipped off the log deck and slid down the hill.
Hydraulic loaders have a more limited reach.
Working on several sites simultaneously
A primary benefit of roadside logging is that it allows the phases to be separated, with
each one operating at its own production rate without interference from the other phases.
In landing operations, the loading cost is increased compared with roadside because
the loader is limited to the production rate of the extraction equipment. Loading costs
can be reduced by providing alternative work for the loader, such as a second landing
within easy travel distance, or an area for cherry picking or loader-forwarding.
However, several other factors must also be considered: both landings must have enough
space to deck the logs safely while the loader is absent, the travel time between sites
must not be too long, and the loader must be able withstand the rigours of the extra
travel. Hydraulic loaders are suitable for travel between landings or for loaderforwarding, but line loaders are limited to travelling just a few hundred metres.
Loading direction
The trucking direction must be considered for roadside operations. It is usually best to
start loading from the end of each spur, and work towards the beginning. That way, if
damage occurs to the road to make it impassable for the log trucks, the loader simply
moves towards the beginning of the spur and continues loading. Once repairs to the road
are completed, the loader can move back to its original location. A similar technique
for soft roads is to partially load the truck from the end of the spur, then move to the
beginning to complete the load. This technique can help reduce the ballasting
requirements.
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Loop roads are another way of improving the trucking efficiency — especially with multitrailer trucks which are difficult to back up. Loop roads allow them to always travel forwards. However, loop roads also increase the amount of site occupancy by roads.

Combined Systems
Figure 140
A stroke delimber
operating at the
roadside in a full-tree
system.

The preceding sections have
described the harvesting
equipment as if each machine was independent of
all the others. In fact, machines are used together as
a complete harvesting system. This section will discuss some ways that the
equipment in the various
phases are used together,
and the implications on productivity and environmental
concerns.
Harvesting system descriptions
Harvesting systems can be grouped according to the trees’ form during prime transport
— either full-tree or manufactured log-lengths. These manufactured logs have two variations depending on the log-lengths. When logs are manufactured between 12 and
25 m long, the system is designated “at-the-stump processing,” but when logs about
5–8 m long are produced, the system is commonly called “cut-to-length.”
In both types of manufactured log-length systems, the branches and tops are left at the
cutting site. On-site debris may require post-harvesting removal to abate the fire hazard or improve the site suitability for regeneration.
The log-manufacturing location influences the equipment selection, as well as the distribution of debris across the landing or cutblock.
In the full-tree system, trees are cut and skidded to the landing before any
processing takes place. This system is characteristic of highly mechanized harvesting operations, and is restricted to small timber because of the difficulty of handling large pieces
without causing excessive soil disturbance or damage to machinery or timber.

Full-tree system

Full-tree systems typically
use a feller-buncher with
a skidder, clambunk, or
yarder. Productivity is high
because fewer pieces are
handled than with the other
systems. The stems are typically topped and delimbed
at the landing or roadside using a mechanical
delimber, although the logs
may be manufactured at a
central processing yard in

Figure 141
A stationary delimber and
processor located in a
central processing yard used
in a full-tree harvesting
system. The arms and saw in
this delimber are controlled
remotely from the loader. A
chainsaw in the head is used
for topping the trees, and a
measuring rack located to
the left of the delimber
measures and cuts the logs
to the correct length.
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some full-tree systems. If the logs are transported to a central site for processing, then
special trucks may be required and the haul route may not be on public roads.
Debris accumulations must be managed at the manufacturing site, and artificial
regeneration is usually required because the tree cones are removed from the cutblock.
The full-tree system with roadside or landing-based manufacturing is the most common
mechanical system used in the Interior of British Columbia.
The full-tree system is seldom used with partial cutting because of the difficulty of moving
long stems between the residual trees.
In at-the-stump processing systems, the trees are topped
and cut into logs before being transported to the landing. Logs are typically 15–25 m long.
At-the-stump processing system

Figure 142
At-the-stump
processing with a
conventional stroke
delimber. The
processed logs are
then skidded to the
landing.

This system is especially suited to large timber or difficult terrain where mechanized
falling equipment is unable
to operate, so it is often associated with hand-falling
and hand-bucking. By manufacturing the trees into logs
at the stump, the average
piece size is reduced, and
the potential for breakage
during extraction is reduced. Cutting the trees into
smaller logs may be the only
practical way to move very
large trees without causing
excessive soil disturbance.
However, the justification for at-the-stump processing is not restricted just to timber and
terrain conditions — other on-block considerations may make it desirable to leave the
debris in the cutblock rather than accumulated at the landing. For example, leaving
debris on-site may improve nutrient recycling for some ecosystems, improve the regeneration success, or reduce the cost of managing the debris that would otherwise accumulate on the landing. When combined with mechanical falling, at-the-stump
processing systems require additional processing equipment to travel to the stump —
stroke delimbers, dangle-head delimbers, and delimbing rakes are all possibilities. The
amount of debris generated on-site must be monitored; in some situations, heavy
debris loading may make regeneration difficult, while in other situations, regeneration
may be enhanced.
In the cut-to-length (CTL) system, trees are felled and cut into short
logs (5–8 m) at the stump, and transported via forwarder to the landing. Cut-to-length
systems are typically more expensive in the extraction phase than either full-tree or treelength systems, and their use is limited to areas where the benefits outweigh the additional harvesting costs. The benefits of cut-to-length can include improved fibre
recovery, higher log values, longer operating season, improved secondary transport,
reduced silviculture costs, and increased fibre supply.

Cut-to-length system

For mills that consume multiple log-lengths, the CTL system may affect inventory control. In CTL, a computer in the feller-processor makes the bucking decisions, but these
decisions are made in the sawmill in tree-length systems. Therefore, the entire log inventory must be consumed by the mill before changes to bucking specifications will be
realized. In tree-length systems, the change can be immediate. This means that the
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inventory for CTL systems should be minimized to retain maximum ability to change
log-lengths as required for different market conditions.
On the other hand, changes to the log-length specifications are easy to implement
because of the high degree of computerization. Once the computer is updated with new
specifications, all subsequent logs will be cut to the new lengths.
Debris is left on-site and is used as a travel mat to support the weight of the forwarders.
The debris mat allows the operating season to be extended because it allows for travel
over softer ground than would otherwise be feasible.
CTL systems require specialized equipment for all phases from falling through secondary transport. From the equipment owner’s perspective, CTL systems require a longterm commitment to acquiring equipment and changing operating procedures; in
contrast, full-tree and tree-length systems are interchangeable. Considerable capital
investment is required, and CTL cannot be considered for individual cutblocks. From
the planner’s perspective, CTL can be considered for individual cutblocks only if a
market exists for the logs and a contractor with suitable equipment is available upon
short notice.
Between-phase interactions
Harvesting timber can be considered a materials-handling process in which the output
from one phase is used as the input for the next phase. Therefore, each phase can
influence the operating conditions of the next phase, and the interactions between
phases must be considered for maximum efficiency.
A common operating technique for reducing costs and increasing the safety
factor is to separate the phases so that each machine works at its own best rate without
interference from other equipment. If the production rates of the different phases are significantly different from one another, then one of the machines will incur delays and
increased costs.
Scheduling

The company and contractor must decide how much inventory to carry between phases
because of the carrying costs for the inventory. If the inventory is too large, then the
carrying charges will be excessive, but if the inventory is too small, then production
delays may occur. The inventory may be only a few hours’ production, or it may be
several months’ production, depending on the site characteristics and the harvesting
system.
Roadside systems are well adapted to separating the phases because of the opportunity
for stockpiling the timber between the phases. With mechanical systems, falling and
skidding are commonly scheduled on the same cutblock, separated by several days’ production. In landing-based systems, the skidding, processing, and loading can still be
separated, but with more difficulty. Working on several landings simultaneously within
one cutblock makes separation of the phases easier. If the cutblocks are small, then
several cutblocks within the same general vicinity may be required for efficient
operation.
Grapple-equipped machines, both for cable and ground-based equipment, are better
suited to roadside operations than choker-equipped machines, and thus, better able to
separate the phases.
On steep sites harvested with cable systems, it is typical to fall the entire cutblock
before starting yarding because of the safety hazard; falling and yarding simultaneously on
steep terrain is dangerous. Falling and yarding may occur simultaneously on a cutblock on
gentle terrain if there is enough distance between the falling and yarding crews.

Combined Systems
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Optimizing the timber for the subsequent
phase implies that the timber is oriented correctly, is bunched or sorted as required, is
placed in an accessible location, and has minimal breakage. These conditions are
determined by both operating techniques and equipment selection, and require clear
communications between workers so that everybody knows the requirements of the following phase. Considering each phase in isolation will lead to inefficient harvesting.

Optimizing the timber for subsequent phase

Figure 143
Poor communication
between the falling and
skidding crews resulted in
excessive soil disturbance on
this site. The timber was
skidded up the adverse
grade to a road located at
the top of the ridge — it
could have been skidded
down the draw to the right,
avoiding the adverse grade,
if the timber had been felled
differently.

The most critical interaction
is usually between the falling and extraction phases
because falling offers the
greatest opportunity to vary
the orientation of the timber.
If the timber is oriented incorrectly, then every tree
will require turning before
skidding, which may result
in increased soil disturbance and production delays.
In partial cutting, improper
orientation can also increase damage to the residual stand. The faller must be aware of
the proposed extraction direction, and orient the timber accordingly.
It may be beneficial to use a more expensive machine for one phase if a greater payback can be realized at a following phase. For example, mechanical falling is more
expensive than hand-falling, but mechanical falling allows for the use of more efficient
skidders. Without bunching, line skidders are required because grapple skidders are
ineffective. The cost reduction for grapple skidding is enough to compensate for the
increased cost for mechanical falling. Another example is to use a loader-forwarder to
build bunches for a grapple yarder or grapple skidder to improve the skidding efficiency.

Figure 144
Trees were felled by
hand then bunched
with an loader for
skidding with a
grapple skidder.
Productivity for the
skidder was increased
by the bunching.

A range of slopes and site conditions may be too steep for ground-based skidding equipment, but not too steep for mechanical falling equipment. Cable yarding systems are
then required. In such situations, using a feller-buncher with a swing yarder configured
for grapple yarding may be more efficient than
using hand-fallers and a highlead yarder.
Timber breakage can occur at any point in the
harvesting process, and the value losses are
cumulative. Equipment selection and operating
techniques that reduce the breakage will result in
increased value of the delivered timber. The effect
on profit is not so clear — the benefit of increased
value must be weighed against the additional cost
of recovering the fibre. More timber can often be
extracted from a stand by using feller-bunchers or
feller-processors because of the reduced breakage
compared with hand-falling. The reduced breakage occurs both in the falling and skidding phases.
Breakage may incur a liability that must be
addressed later. For example, careless falling
near gullies may result in additional cleanup
costs to remove the debris from the gully.
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