LMH Chapter 4 New February, 2007
Satterlund and Adams 1992 pages 311 to 362 relevent material to this chapter 
4       HARVESTING FACTORS AFFECTING SOIL DISTURBANCE

Timber harvesting is made up of a number of phases, up to, but not including site preparation for reforestation.  It includes the building and maintaining of secondary roads; the falling and bucking of trees; the skidding, yarding or forwarding of logs to a landing or roadside; and the provision of fuel breaks to facilitate logging slash disposal.

In this chapter, discussions will focus around machine related soil disturbance that affects the productive portion of the cutblock.  Soil considerations for access structures (section 4.2) are briefly discussed, the assumption is that they have been well planned in advance of harvest extraction activities.  Emphasis will be on the skidding, yarding or forwarding of logs to the landing or roadside, also known as the primary transport phase.  The information contained in this chapter is a brief synopsis, presented from a soil conservation perspective, of the thorough review of harvesting systems and equipment provided in FERIC handbook Harvesting Systems and Equipment in BC (MacDonald 1999).  Use FERIC HB-12 as a companion document to ensure comprehension of the subject matter presented below.

4.1    Primary transport systems and soil disturbance

The three basic classes of primary transport in logging are aerial, cable and ground-based.  In ground-based harvesting systems, the logs are dragged or carried from the stump to the landing by a machine that travels over the ground.  In cable systems an overhead cable attached to a stationary machine is used to drag or carry the logs; in aerial systems, the logs are lifted above the ground by a machine that derives its lift from the air (MacDonald 1999).  They differ by their potential to disturb the soil and by their costs (Krcmar-Nozic et al. 1996).  Aerial systems normally create very little within block soil disturbance due to minimal contact between the logs and the ground; cable systems create some disturbance, mostly concentrated along yarding corridors and near landings; while ground-based harvesting usually results in the greatest amount of soil disturbance.  The risk of soil damage or disruption of natural drainage patterns typically increases as soil disturbance increases.

The potential for soil damage increases with slope
. Steeper and more sensitive sites are usually cable or aerial harvested.  Cable systems are designed to operate on a wide range of slopes, as long as they have adequate deflection (section 4.5).  Ground-based systems generally operate on flat to moderate slopes (<45%), although some specialty equipment can safely and efficiently operate on steep slopes as well.  On slopes (30-60%) where ground-based and cable systems are capable of operating, other site factors being equal, cable systems will most often result in lower levels of soil disturbance.  Therefore soil disturbance is generally higher and more of a concern with ground-based harvesting systems (MacDonald 1999). 

The development of a harvest strategy
 for a single cutblock, or a group of similar cutblocks is not restricted to only one of these three primary transport systems.  It is not uncommon to combine two or more harvesting systems within an individual block or group of cutblocks.  Operationally, the objective is to balance logging costs, including available equipment complement and productivity, against the constraints of site topography and soil sensitivity. With a “least impact” approach it should be possible to log virtually any site to ensure soil conservation if:

a) the soil management objectives are clear and measurable
;

b) proper site identification has resulted in stratification to reflect the stated objectives; 

c) an appropriate harvest system or combination of harvest systems is chosen;

d) the management objectives, chosen harvest method(s) and layout are clearly communicated to all parties responsible for implementing the harvest strategy; and

e) a review is conducted after logging to ascertain whether the strategy was successful in meeting the objectives, or whether it requires modification for future application
. 

This chapter provides basic information to match harvest system(s) and specific log extraction equipment to the soil-site conditions influencing soil disturbance as determined by the soil hazard ratings.
4.1.1   Aerial systems

Aerial systems include helicopters and balloons; both are well suited to steep and/or sensitive terrain.  These systems create the lowest amount of on-block soil disturbance and have a low potential to disrupt natural drainage patterns, so they are ideal for logging isolated timber patches adjacent to gullies or unstable areas.  They generally require high value timber to cover the costs of operation, and hence, are more common on the Coast of BC, but have some application to the Interior.  On-block skid roads are eliminated in aerial systems; however, landings (unless logs are water dropped
) are still a requirement.  Landings can be located on suitable terrain away from the cutblock.   

Balloon systems (Figure 18) are essentially cable systems that use balloons filled with a gas which provides the lifting force to fully suspend a load of logs. At a landing, a winch (using cables spooled onto drums) pulls the balloon in and out of the logging setting.  Downhill yarding is preferred and yarding distances can range from 1100 to 1370 m (Bronson 1994).  This system is feasible for clear cutting with little soil disturbance or road construction (Dykstra 1997).  
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           Figure 18.  Illustration of a balloon logging system (taken from FAO website). 

Helicopter logging is a specialized harvesting method requiring detailed planning and coordination.  Helicopters used for logging are grouped into three classes of lift based on their external load lifting capability: light; medium; or heavy
.  They transport logs using a tether line (tag line) 30 to 100 m in length, to which chokers are attached.  When unloading, the pilot releases the chokers by remote control.  A typical round trip takes from 2 to 5 minutes to complete (Dykstra 1997). As the elevation of a site increases, the efficiency of the machine will decrease (i.e., at 1830 m (6000') a helicopter is 25% less efficient) (Pertile 1994).  Clearcutting, partial cutting, and single tree harvesting can be accommodated with helicopter logging.  
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Several reports on the productivity, costs and efficiencies of helicopter logging have been published by the Forest Engineering Research Institute of Canada (Dunham 2002a; Dunham 2002b; Dunham 2003; and Dunham 2005).  Two reports (Krag 1998; Millard and Chatwin 2001) based on a study conducted in the Queen Charlotte Islands provide assessments of soil disturbance in relation to, as well as feasibility and success of, helicopter logging treatments on steeper slopes. These reports point out that even though soil disturbance caused by helicopter logging on very steep slopes can be minimal
, natural soil and slope processes (i.e., erosion and mass wasting) can still occur.
While the topic of aerial logging systems is beyond the scope of this handbook, aerial systems have been and will continue to be used to harvest timber, particularly in special cases (i.e., access issues, sensitive soils, forest health issues, and areas of visual sensitivity). 
Figure 19.  Illustration of a helicopter system (taken from FOA website).
4.1.2   Cable systems  
Cable systems create low to moderate levels of soil disturbance and have a low to high potential to disrupt natural drainage patterns, depending on the resultant yarding corridor disturbance.  They are used extensively on the BC Coast where climate, terrain and valuable timber provide the greatest opportunity in terms of economic viability.  Cable systems are also used on steeper slopes or sensitive terrain throughout the Interior, but  operations are restricted by deep snow and this limits their year-round use in parts of BC’s Interior
.  They also have low capability to operate during the night.  In cable systems the power source does not travel along the ground as in the case of ground-based systems (Dykstra 1997).  
Cable systems come in two basic forms, highlead and skyline.  In the highlead system (Figure 20) a tower using two cables (similar to a clothes line) is used to haul logs, usually with one end dragging on the ground.  The highlead system is most efficient for clearcut logging, with limited application for partial cutting. 
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Figure 20.  Illustration of a highlead cable system, logs are dragged on the 


                  ground. This creates soil displacement and sometimes soil compaction.
In skyline systems (Figure 21) a carriage is suspended from cables to provide more lift (in some cases full lift) for the logs.  This can be advantageous in partial cuts or when trying to avoid hang ups and/or sensitive areas. Planners and operators have considerable choice of available equipment options (Section 4.4) to afford a range of opportunities for soil conservation.  
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           Figure 21.   Illustration of a skyline cable system, logs are lifted off the ground.


        Less soil disturbance occurs, with lower potential to disrupt natural 


        drainage patterns.
4.1.3  Ground-based systems
Ground-based harvesting creates the greatest soil disturbance and has the potential for the most soil damage in the area to be reforested.  The potential for disruption of natural drainage patterns typically increases with the amount of soil disturbance.  Ground-based systems are best suited to sites where the terrain is not too steep or broken and soils are strong
 enough to support the machine.  Extensive soil damage typically occurs when machines travel over the same route several times, exceed the soil bearing strength, or turn around at the felling site, landing, or roadside (MacDonald 1999).  In some situations, even a single pass can create ruts or compaction, for example:  on a sensitive site under moist or wet conditions; on a site with plastic or very plastic soils having low bearing strength.
Some ground-based systems are well suited to operating without skid trails, while others are most efficient when using constructed or at least well defined trails.  Bladed or constructed skid trails will provide a safer running surface as slopes increase, but this will increase the total amount of soil disturbance on the block and increase the depth of cutting into the native soil, exposing both seepage and unfavourable subsoils. Note that operator safety should always be of paramount importance.  If safety or soil disturbance is at risk of compromise then perhaps another harvesting strategy should be considered. [For further information on safe operating conditions refer to the Workers Compensation Act and Regulations and training materials or extension available from the Workers Compensation Board of BC].
Various types of ground-based primary transport equipment and their effects on soil disturbance and potential for drainage disruption are discussed further in section 4.6.
4.2   Road and landing occupancy within the cutblock 

Roads and landings, whether permanent or temporary, result in the most visible and persistent change to the forest landbase, often creating problems of slope instability, erosion, and sediment delivery to waterbodies.  A harvest development strategy which minimizes the amount of access structures will also minimize costs of development, costs and liabilities of maintaining them, costs of deactivation or rehabilitation, and long-term risks associated with disturbing the soil mantle (i.e., post harvest slope failures, even from temporary structures).  Given climate change predictions, with >100 year return storm events anticipated during the rotation, it will also be prudent to minimize their presence on the landbase.
The deeper a road needs to be constructed into the soil mantle, the more it can interfere with the existing drainage processes, therefore constructing the least class of road necessary is often the better plan.  Whenever bladed structures are required, their layout and design needs to consider the incorporation of culverts, dips, and/or periodic grade reliefs to ensure drainage does not become concentrated into new or naturally existing channels.  It is important to fully consider the types and amounts of roads required by the various types of harvesting systems when weighing the options for access.
Ground and cable systems have different requirements for within block road location.  In ground-based systems, the cutblock is typically arranged so the road is located near the lowest elevation in the cutblock to minimize the amount of adverse skidding.  In contrast, uphill yarding is favoured for many cable systems, so a higher location within the cutblock is preferred (MacDonald 1999). Options for road and/or landing locations are often limited on rocky, irregular, complex or unstable terrain, regardless of the type of harvest system.  This is when total chance planning can be of great benefit by considering where to balance or minimize permanent, even temporary access structures to avoid high hazard or high risk terrain.  
The proportion of a cutblock occupied by haul roads and landings can vary considerably depending on the harvesting system and equipment, slope and terrain, the size of the cutblock, and other operating and safety requirements. For example, short distance cable yarding can require a denser road network than ground skidding using a loader-forwarder (Krcmar-Nozic et al. 1996).  Often it is necessary to make tradeoffs among good landing locations, good yarding/skidding opportunities and road locations (Sauder and Wellburn, 1989).
Road occupancy is a function of road width and density. Road width will vary depending on road type (e.g., mainline vs. secondary), proposed vehicle type and usage, turnouts, ballasting, roadside processing, need to end haul, side slope, soil and bedrock type. See the Forest Road Engineering Guidebook 2002 for further information on the design and construction requirements related to these variables. Road density requirements are directly affected by the choice of yarding (Section 4.5) or skidding (Sections 4.6, 4.7) equipment. 
Landing occupancy is a function of the number and size of landings.  Landing area will vary depending on the number of required functions including: bunching; limbing; bucking; sorting; storage of logs; number of log sorts; and storage of slash. For safety reasons some operators prefer to segregate these functions between two or more landings. Segregating functions can increase logging efficiency but it results in higher landing occupancy levels, especially in small cutblocks.  It is essential that any landing be large enough to ensure that operations can be conducted in a safe manner. 
Note that it is important to control surface erosion during the construction and use of roads and landings.  Techniques for erosion and sediment control are provided in the Forest Road Engineering Guidebook 2002.  In block roads and landings should be planned and built to facilitate rehabilitation for the future production of a merchantable forest crop. 
4.3  Roadside harvesting
Roadside harvesting operations do not require landings, instead activities such as processing, decking, loading, debris piling and debris disposal are carried out on and/or adjacent to the road.  Although landings have been eliminated in this system, skidding distances are generally shorter, requiring a higher density of roads.  The area adjacent to the roadway is referred to as the roadside work area and can be subject to concentrated and high levels of soil disturbance. 
For ground-based logging the width of roadside work areas vary depending on: the length of trees or logs, and whether the processing, loading or debris disposal equipment is operating on the roadway or within the cutblock. Soil disturbance in these work areas can  exceed 25% on small or narrow cutblocks, especially when skidding distances are short.  The concentrated machine traffic has the potential to cause serious soil disturbance, as well as disrupt natural drainage patterns, particularly under wet weather conditions.  To minimize the area occupied by roadside work areas; keep equipment such as the processor, loader, and excavator on the road as much as possible; maximize skidding distances to reduce the amount of roads; and avoid working during inclement weather when soil conditions can be compromised.
Excessive levels of soil disturbance (particularly when using a crawler tractor) often occur in roadside work areas during the piling of roadside slash accumulations.  Observations in some roadside work areas, indicate the logging phase occurred under favourable soil conditions (e.g., on dry or frozen soils) but the debris piling phase occurred during unfavourable conditions (e.g., when the soil was wet).  The excessive soil disturbance that resulted could have been considerably reduced, by using an excavator, or delaying the work until better soil conditions prevailed. 
Roadside logging can also be conducted with cable systems by using swing yarders.  Their ability to swing to either side can eliminate the need for a landing, but the sideslope cannot be too steep and the yarder must have adequate room to operate.  The limitation for swing yarding becomes the ability to stockpile the trees adjacent to or on the road (MacDonald 1999).  This type of roadside yarding can result in plugged ditches and culverts, and careful attention is needed to maintain or re-establish drainage.  
 4.4  Cable-based primary transport equipment

Cable logging machines (yarders) are stationed on a landing or road and use two or more cables to retrieve logs from the cutblock.  Highlead yarders have two drums, one for a mainline cable (inhaul), and the other for a haulback cable (outhaul). The haulback line is used to pull the mainline (length limits yarding distance) back out into the setting.  The length of the mainline cable in highlead systems for small wood
  ranges from 250-375 m and for largewood
 ranges from 375-440 m.   The height of the yarder (tower) determines the extent of the log lift, while braking applied to the haulback line provides for the one-end log lift.  Yarding can occur both uphill and downhill.
By adding a carriage on the haulback line, a highlead system is converted to a skyline system.  Log lift now occurs by means other than simple braking pressure, as a skyline cable serves to elevate the load of logs (Dykstra 1997).  Skyline yarders come in a multitude of configurations, with greater cable drum capacities than conventional highlead yarders.  This extends yarding distances and decreases road densities (Sauder and Wellburn, 1989).  Some skyline systems can only yard uphill, while others can yard both up and downhill.
The versatility obtainable with cable yarders, particularly in skyline systems, offers planners enormous flexibility.  By increasing yarding distances, road and landing occupancy levels can be decreased.  By increasing log lift, soil disturbance can be minimized or even avoided in particularly sensitive areas (e.g., stream crossings, newly regenerated forests, compaction prone soils).  Further variations or modifications to cable yarders are discussed below.

4.4.1 Stationary  tower vs. swing yarder / chocker vs. grapple
Both the highlead and skyline cable systems can be operated with a choice of yarders: stationary or swing; and self propelled or sled/trailer mounted.  With stationary (tower) yarders logs are yarded to a single location, often a landing, and significant ground disturbance usually occurs near these landings (MacDonald 1999).  With swing yarders (mobile rotating structures), logs can be yarded to a number of locations within the cutblock. This can help to decrease the heavy soil disturbance that often occurs around stationary yarders. Swing yarders are generally preferred on the Coast, whereas towers are preferred in the Interior (MacDonald, 1999).  Self propelled yarders come on skidders, trucks or track mounted units.  Non propelled (e.g., sled) yarders must be moved using a lowbed or trailer unit.  Once placed on the cutblock, some sled yarders can move under their own power by winching themselves into place.  This yarder could be advantageous where road building is inadvisable.  Sled-type yarders do not have a steel tower; they use a wooden spar tree instead. They can provide an alternative system to conventional cable yarders, particularly in steep, rough, unstable terrain.
Each yarder can use either chokers (wire ropes) or grapples (tongs) to attach logs. Chockers are most commonly used with towers.  Swing yarders are usually rigged with grapples.  When using grapples a backspar is required.  Mobile machines such as excavators or crawler tractors can act as a backspar to provide efficiencies of operation, but this requires the building of backspar trails, a further source of soil disturbance.  

Krag et al (1993) compiled information about road and landing occupancy levels on cable logged cutblocks.  They found that grapple-yarded cutblocks had higher densities of haul roads and backspar trails when compared to highlead blocks, but highlead blocks had higher (numbers and therefore) proportions of area in landings.  
4.5   Yarding equipment, pattern and deflection affect soil disturbance

Yarding distance is determined by the type of yarding equipment, and deflection. A typical highlead yarding distance is 200-400 m, but skyline yarders can reach much greater distances (up to 800 m).  In the mid 1990’s, prompted by governments’ stricter soil conservation requirements, skyline systems
 capable of yarding up to 2000 m and carrying tree length logs or multi-log turns were introduced to BC.  These new skyline systems offer an alternative to helicopter logging, especially where weather imposes limitations (Johnson, 1996).
Highlead yarders can yard both up and downhill, but not straight downhill. Yarding trails will either diverge (uphill yarding) or converge (downhill yarding) across the lower slope.  Uphill yarding would be the preferred pattern when there are soil erosion concerns.  Yarding corridors are generally parallel to one another with swing yarders, therefore the converging corridors created with standing tower yarders can be avoided, an advantage in certain soil types or areas with climate concerns.
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Figure 22.  In uphill yarding, corridors


converge at the top, allowing surface 
water drainage to diverge downslope. 
The converse pattern occurs with 
downhill yarding, and water drainage
will converge into one area. 

(Clayoquot Sound Scientific Panel 

1995).

Yarding corridor width is determined by the length of chockers or grapples.  The use of a dropline carriage in skyline systems provides for greater lateral (cross hill) yarding capability. Both skyline and high-lead systems equipped with grapples have shorter yarding distances, but their use can eliminate the need for landings.  
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Cable systems are limited by deflection.  Areas of poor deflection within the block usually result in higher amounts of forest floor and soil displacement. Having adequate deflection is a function of ground profile, yarder height and log length.  Deflection represents the sag in the ground profile and is measured by the amount of sag in the cable at mid-span expressed as a percentage of the horizontal span length (MacDonald et al. 1993). Highlead systems can be used when deflection is poor, but cables will contact the ground causing soil disturbance and loss of productivity.  
Could insert a figure similar to page 70 FERIC Handbook 12.

Broken ground will limit deflection, so planners must consider the ground profile across the entire block when locating roads and landings. Non-uniform terrain may call for a multispan system or the combination of cable and ground-based systems on a cutblock (e.g., by hoe forwarding to a grapple yarder from behind a ridge) (MacDonald 1999). Multispan systems utilize intermediate supports and/or backspars (standing trees or towers with jacks through which specialized carriages are run) to improve deflection.    
Note that skyline systems do not guarantee 100% log suspension 100% of the time.  The only skyline set ups that can provide for this are:  a fixed skyline with a dropline carriage; a slackline system where the carriage is always 2 m below the skyline: or a four (or more) drum system
.
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The critical point for deflection depends on the position of the yarder on the hill.  For downhill yarding, deflection can be increased by moving the yarder farther from the hill.  For uphill yarding, the critical point is often immediately adjacent to the landing because the yarder must be positioned away from the edge of the road to allow adequate space for landing the logs (MacDonald 1999).  A stepped (two level) landing can be useful in providing this needed space.
Could use figure similar to one on page 34 in WCB’s Cable Yarding Systems Handbook.

Deflection is usually better with larger machines, but full log suspension can be achieved with small yarders over short distances.  Layout for deflection in cable logging blocks becomes a critical factor in soil conservation.  
4.6  Ground-based primary transport equipment

Since ground-based harvesting generally results in the highest levels of soil disturbance, several types of primary transport equipment are discussed below.  The aim is to help select the most suitable piece(s) of skidding equipment to match the sites’ constraints.  

For each machine type, skidding distances and operable slope information is presented as the generally accepted (safe) operating range, not necessarily the entire operating range
.  As explained by MacDonald (1999): “Each machine type is suitable to a range of operating conditions as defined by its basic features.  When operating within its appropriate range, the risk of exceeding operational and environmental limits is minimized, but operating outside the range will increase the risk of unacceptable results. Even the most benign harvesting system can produce unacceptable results if used inappropriately, and seemingly unsuitable equipment can be made suitable by incorporating appropriate techniques.”   
(in Section 4.7 insert black and white stick drawings for each machine (subheading) similar to those used in FERIC Handbook No. 4 “Timber Development Planning for the BC Interior: The Total Chance Concept”  1983)
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  Wheeled skidders    
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Wheeled skidders are explicitly designed for log extraction.  They have axles that move independently in the vertical plane, and they are articulated (jointed) in the middle to allow full independent movement of the front and rear sections.  They have high clearances and travel faster than crawler skidders (Davies 1998).  They are usually narrower and have more maneuverability than crawler skidders.
Machine constraints
Wheeled skidders typically skid up to a distance of 200 m. Landings are generally required when using wheeled skidders. They can be operated safely on gentle (6-29%) slopes, but become unstable on moderate (over 30%) slopes especially if turning is required.  Slopes up to 35% favourable and 10% adverse are considered within the range of safe operation. On slopes >35% wheeled skidders require bladed trails. To increase the safety factor, skidders can be operated straight down the slope.
If the skidder is equipped with a grapple the need for landings may be eliminated. Grapple skidders are best suited for use with mechanical falling and bunching equipment, less suited to partial cut harvests. 
The road density required for wheeled skidders is similar to crawler and flex-track skidders. 

Site constraints
Wheeled skidders are not recommended for work on moist fine textured soils unless these soils are dry or frozen. They are the most restricted of all skidders when it comes to operating in areas with deep snow.  
As the operability limits for slope are approached, wheeled skidders have a lower ability than forwarders or clambunks to avoid causing soil disturbance.  In general wheeled skidders equipped with grapples are poorly suited to working around sensitive areas. 
4.6.2 Crawler skidders
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Crawler skidders utilize rigid metal tracks for their mobility, as opposed to wheels.  They can operate more safely in high precipitation climates than wheeled skidders.  Tracks however, require more maintenance than wheels.  Often they are general purpose machines, used for trail construction and excavation as well as log extraction.
Machine constraints

Low travel speed makes crawler skidders more suited to short skidding distances.  The typical skidding distance is 200 m, or 150 m if equipped with a grapple.  Slopes up to 35% favourable and 15% adverse are considered within the range of safe operation.  Moderate (over 30%) slopes reduce safe operation especially if turning is required.

Rocky terrain can be damaging to tracks as well as the low slung undercarriages of crawlers (Davies 1998).  Crawler skidders typically require the use of landings unless they are equipped with a grapple.  Attaching a grapple lessens its suitability for partial cut harvests.  Road density requirements are similar to wheeled skidders.

Site constraints
Crawler skidders, as for wheeled skidders, are generally not suitable on moist fine-textured soils unless these soils are dry or frozen.  Some tracked machines turn by applying power to one set of tracks and disengaging the other.  When the machine turns on the non-powered track, it can displace forest floor and topsoil.  When turning, operators should avoid wet or sensitive soils, try to turn on slash accumulations to dampen impacts, or turn on established trails. Crawler skidders are somewhat better in deeper snow than wheeled skidders; similar to forwarders, clambunks and flex-track skidders.  

The rigid tracks on a crawler skidder tend to ride on top of an obstacle, such as a stump, log, or boulder.  This concentrates the machine/load weight on the short length of track contacting the ground.  Rigid tracks are more likely to spin when encountering large obstacles rather than ride over them, as with flex-tracks (see below).  This can result in more forest floor displacement and localized compaction. 
4.6.3   Flex-tracked skidders 
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Flex-tracked skidders have tracks that are not rigid as with crawler skidders.  They are designed to distribute their load weight forward onto the skidder and over the tracks.  FMCs or KMCs are examples of flex-track machines. A KMC has a nominal ground pressure about one-third of the ground pressure of a standard rubber tired skidder.  Further discussion on the topic of low ground pressure equipment can be found in section 4.8.3.

Machine constraints
The typical skidding distance of a flex-tracked machine is 200 m.  Slopes up to 50% (in some cases 60%) favourable and 20% adverse are considered within the range of safe operation.  

Flex-track skidders typically require the use of landings unless they are equipped with a grapple. Road density requirements are similar to those for wheeled and crawler skidders.  

Site constraints
The use of flex-track suspensions can be helpful when forest floor displacement and localized compaction is of concern.  Flex-tracks conform to the shape of the ground or obstacle, ensuring contact over much of the length of the track, and thereby maintaining even ground pressure.  For this reason these machines have the potential to cause lower soil disturbance than rigid tracked skidders. 
Flex-track machines may be considered for sites too steep or sensitive for conventional ground equipment, yet not steep or sensitive enough to justify cable systems (MacDonald 1999).
4.6.4   Clambunk skidders
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Clambunk skidders are mounted with a self loader which places bunched logs into a large grapple (pinchers up) on its rear. The clambunk assembles its own load as it travels from the felled area to the roadside. It then unloads itself, often traveling in reverse from the roadside back out to the felled area.  In this fashion it clears “corridors” with each successive pass.  

Machine constraints

Skidding distances of 400-500 m are reasonable for clambunks (MacDonald 1999).  Slopes up to 50% favourable and 10% adverse are considered within the range of safe operation.
Clambunks skidders mostly work in roadside operations, but can skid to landings as well. Their overall requirement for roads and landings is less than the wheeled, crawler, and flex-track skidders.  

Site constraints
Eliminating the turning at each end of the load and unload cycles reduces the potential for soil disturbance.  The clambunk skidder’s large carrying capacity reduces the number of passes that would otherwise be required with conventional grapple skidders. The larger ground bearing area allows the clambunk to operate on softer ground without causing excessive soil disturbance (MacDonald 1999).
4.6.5  Forwarders
Forwarders have a front section like a skidder, but instead of a cable winch, they have a hydraulic log loader mounted behind the cab and a small log bunk above the rear axle.  They can carry large loads, similar to clambunks and can travel backwards from the roadside to the felled area.   Forwarders are well suited in cut to length systems or commercial thinnings, where logs are of uniform size. Forwarders unlike clambunks carry the whole log on the bunk or on a trailer without dragging any portion of them.  They typically cause less ground disturbance than skidders. 
Machine constraints
When loaded, the forwarder has a high centre of gravity which makes it unsuited to steep or rough terrain (Davies 1998).  Loads must be kept relatively level to avoid tipping.  Forwarders can skid for a distance up to 300 m.  They can operate on slopes up to 35% favourable and 15% adverse.  Forwarders travel equally well forward or backward, which can reduce the need for turning.

Forwarders do not require the use of landings.  They can unload logs directly onto a truck or deck logs alongside a haul road.  Road density can be lower as compared to wheeled, crawler or flex-track skidder operations.  
Site constraints
Although forwarders are considered to be low ground pressure machines (often with tracks covering twin rear tires), they still have some restrictions with respect to high soil moisture.  To reduce concerns for compaction, the forwarder can travel on the slash mats left by the feller processor.  Forwarders have higher capability to avoid soil disturbance than wheeled, crawler or flex-track skidders, but similar capability to the clambunk.  They can operate in deeper snow than wheeled skidders.  
Longer skids can be accomplished when forwarders use well established trails for a portion of the travel cycle.  This can improve machine productivity but may result in concentrated soil disturbance.   

4.6.6   Hoe-forwarders  
Hoe-forwarding, commonly known as hoe-chucking uses modified hydraulic log loaders to forward logs to the roadside.  The hoe-forwarder lifts and swing logs, moving them from the falling boundary towards the road with each successive pass, until all the logs are windrowed at the roadside.  On the Coast, hoe-forwarders are often used in conjunction with cable systems, particularly with grapple yarders
.  This machine is very effective when harvesting adjacent to sensitive areas (i.e., riparian areas, areas where individual tree selection is required).
Machine constraints

A hoe-forwarder’s skidding distance typically falls in the 120-150 m range.   Slopes up to 35% favourable and 20% adverse are considered within the range of safe operation. Trails and hoe-forwarding patterns must be walked and layed out in the field prior to hoe-forwarding (Boniface 1994).  Normally the setting will be laid out for 4 or 5 passes (i.e. “swings” with the hoe).  Forwarders typically require high road densities but no landings.  

Site constraints
This machine is well suited to gentle terrain and working around sensitive areas.  Hoe-forwarders cannot work safely on thin soils over bedrock because of the danger of sliding.  This sliding hazard is aggravated with snowfall.

The pattern of the forwarding can vary; however, a common objective of all patterns is to minimize soil disturbance and operating costs by minimizing the number of times the machine travels over each section of ground (McDonald 1999). For sensitive ground the forwarder can readily create a slash mat or place corduroy (section 4.8.7) to reduce machine impacts. 

4.6.7  Summary of ground-based primary transport equipment
Table 16 summarizes the machine and site constraints of the various ground-based skidders discussed in this section.  It can be used as a quick guide to help with the selection of appropriate skidders.
Table 16.  Summary of operating factors for various types of ground-based primary transport equipment (skidders).

	Type of 

Skidder
	Skid 

Distance
  (m)
	Favourable

& Adverse 
Skid 

(% slope)
	Sensitive 

   sites
	Deep 

Snow
	Slope

Restrictions
	Soil 

Disturbance
	Landings
Required     

	Wheeled
	200
	    F - 35 %
   A - 10 %
	Not 

recommended
	Restricted

use
	Unstable on
Moderate slopes 
	> forwarder/

clambunk


	Usually, unless equipped with grapple

	Crawler
	200

(150 with grapple)
	 F - 35%

 A - 15%
	Better than wheeled, similar to forwarders, clambunks, flex-track
	Better than wheeled
	Unstable on moderate slopes
	Similar to wheeled skidders
	Usually, unless equipped with grapple

	Forwarder


	300
	   F- 35 %

   A - 15 %
	Not when soil moisture high
	Better than wheeled
	Limited to gentle and moderate slopes
	< wheeled/

crawler or flex-track

similar to clambunk
	Not necessary

Good for roadside harvesting

	Hoe-

Forwarder
	120 –

150
	  F - 35%

  A - 20%
	Ability to reach into without entering
	
	Thin soils on bedrock
	Restricted mostly to trails 
	Not necessary

	Flex-Track
	200
	 F - 50-60%
 A - 20%
	Flex- track maintains even ground pressure
	Better than wheeled
	Less than other skidders
	< crawler skidder
	Usually, unless equipped with grapple

	Clambunk


	200 – 

500
	 F - 50%

 A - 10%
	Large ground bearing area maintains even ground pressure
	Better than wheeled
	Similar to flex-track

	< wheeled, crawler, flex-track skidders
	Not necessary
Good for roadside harvesting


4.7 Skidding pattern and trail grade affects amount and type of soil disturbance
In ground-based systems soil disturbance is most often the result of skidding or forwarding activity, associated with skid trails (either excavated or non-excavated trails) or off-trail (often repeated) machine traffic.  The relative amount of areas occupied by skid trails and off-trail disturbance will vary depending on the type of equipment, terrain conditions, roadside or landing based logging, and particularly on the type of skidding or forwarding pattern used.

Skidding pattern

The area occupied by skid trails is a function of skid trail density and width. The lowest trail density is achieved with widely placed parallel trails.  The distance between main trails can be expanded with short angled (often 45°) secondary trails.  This is called a herringbone design.  The highest trail density occurs when a dendritic trail pattern is used.  Trails in a dendritic pattern branch into other trails to access the entire area.  The dendritic trail pattern is sometimes the best option for irregularly shaped blocks with a single landing or for hilly terrain (Smidt and Blinn 2006).  

[image: image15.jpg]



[image: image16.jpg]


[image: image17.png]=

\§ arder  Tower

Mainline




Insert diagrams of three trail designs here.
Typical methods for laying out skid trail patterns in BC are discussed below.

4.7.1   Dispersed (random) skidding
In dispersed (random) skidding few, if any bladed trails are required and skidding routes are selected by the machine operator.  On gentle, even terrain, where this method is best suited, most of the ground, if randomly skidded, will be subjected to only one or two machine passes.  Dispersed skidding if often associated with roadside operations, but can also be used with landings.  In both, machine traffic will increase progressively from the falling boundary to the skidding destination; therefore concentrated soil disturbance can result where skidding routes converge.  To limit such disturbance, this skidding method is most appropriately used on well-drained, sandy or fragmental soils with low compaction hazard, or where surface conditions or scheduling can afford protection for the mineral soil.

4.7.2   Designated trail skidding
The designated skid trail method involves planning and locating skid trail networks ahead of logging, rather than leaving trail location up to the machine operator, as in dispersed skidding. On many sites soil disturbance can be better managed by specifying trail spacing, trail grade, and trail location (benches, slope breaks, using or avoiding [wet or sensitive sites] specific topographical features).  Total soil disturbance can be reduced substantially by ensuring that skidders travel only on designated trails (Froehlich et al. 1981, Olsen and Seifert 1984, Krag et al. 1991).  However, a study by Kockx and Krag (1993) illustrates the importance of skilled and experienced operators.  When they compared designated trail skidding vs. operator choice skidding, side by side, they found no substantial differences in the amount of disturbance.  
Skidders can either be restricted to the designated trails entirely, or partially, during skidding operations (e.g., some dispersed downhill skidding may be allowed between trails).  In some designated systems only main trails are located and experienced machine operators are relied upon to locate other spur trails. 
In partial cuts, designating permanent trails is a recommended practice.  It limits the cumulative impacts from dispersed skidding, over repeated cutting cycles, by reusing the same travel routes.   

4.7.3   Combination designated and dispersed (random) skidding

Rarely is there an ideal operating window for fully dispersed (random) skidding, especially when wetter climatic conditions prevail.  Combining designated trail skidding with dispersed skidding provides for greater flexibility in more challenging situations.  It is wise to plan designated trails even if they are not required.  Soil conditions can quickly become unfavourable under specific weather conditions, even in BC’s dry biogeoclimatic zones.  Confining machine travel during poor conditions to pre-selected trails may provide for more continual operation.  When the climate is stable again, the operator can return to dispersed skidding.  A good rule of thumb for utilizing this combined method of skidding is to choose an optimum designated trail spacing that limits machine traffic to no more than 2 or 3 passes within the dispersed skidding area.

4.7.4   Return trail skidding
This method is used in landing based logging systems, with relative safety, on moderate to moderately steep slopes.  It utilizes a network of widely spaced main skid trails (i.e. up to several tree lengths apart) with dispersed down-hill skidding between the trails. This reduces skid trail density within the cutblock.  The skidder travels empty from the landing along any main skid trail that takes it up the cutblock (“go back trail”). The skidder then travels from the top of the cutblock straight downslope, while assembling a turn of logs.  It continues loaded downslope onto a lower main skid trail that takes it back to the landing. 
Dispersed downhill skidding ensures fewer machine passes on the ground between trails.   Using tracked skidders instead of rubber tired skidders, as slopes increase, will provide more stability during downhill skidding. 
The following example, observed by Kockx and Delong (1994), illustrates a return trail system utilizing both rubber tire and tracked skidders on a winter snowpack with slopes up to 30%.  Working a go-back trail network (well away from the landing) a tracked grapple skidder picked up off-trail bunched logs, then skidded them downhill to the edge of a main trail.  The tracked skidder could clear snow from travel routes as well as access bunched logs partially buried in snow. From the main trail, the rubber tired grapple skidder then took the logs and further skidded them to the landing.  The tracked skidders, well suited to work safely and efficiently in snow pack conditions, complemented the faster rubber tired skidders working on the main trails to and from the landings.  This coordination of equipment allowed for a skid trail spacing of 120 m or more [ include diagram], and resulted in better soil conservation.

Figure 23?.

4.7.5   Adverse vs. favourable skidding
Areas requiring adverse (uphill) skidding are at risk of higher levels of soil disturbance, especially when skid trails are not constructed. Adverse skidding can cause tires or tracks to slip resulting in displacement of forest floor, and/or rutting and compaction. As the operator successively tries to negotiate the slope loaded, he can exacerbate the initial soil disturbance that was created.  Rubber tired skidders will generally lose more traction at lower adverse grades, than tracked skidders.  Chains can be used on rubber tired skidders to improve traction and reduce tire spin, especially in wetter conditions; however, operators are usually reluctant to put them on, especially if they are only required for small and localized problem areas.

Trail grade
Ground-based systems require roads to be located within an acceptable skidding distance of the felling site. On moderate to steep slopes, ground-based operations often have a more narrowly spaced (denser) network of skid trails. Figure 24 shows the relationship between trail density, spacing, width, and the proportion of area occupied by trails.  It is useful for estimating occupancy levels of skid trails when considering different skidding options.

As indicated by this figure the width of trails can have a significant affect on trail occupancy.  Trail width is influenced by several factors including: side slope; trail grade; and trail construction techniques. 
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Figure 24.  Proportion of area, expressed as percent, occupied by skid trails given a specific trail density, width and spacing  (Krag et al. 1991).
Side slope

Everything being equal, the depth of cut, as well as the trail width increases as side slopes increase (Homoky 1994, Kockx and Krag, 1993). However, decreasing trail widths on side slopes can be accomplished by increasing the grade of the trail.  Homoky (1994) helps to demonstrate the soil disturbance effects of skid road placement on side slopes.  For example, on a 40% side slope a trail with 0% grade (flat) requires a 3.0 metre running surface, a cut height of 90 cm, and a total trail width of 5.2 metres. If the trail was angled across the hill with a 30% grade, the depth of cut would be reduced to 50 cm and the total trail width would be reduced to 4.0 metres. If the original flat 3.0 metre running surface trail were built on a 25% grade, only 60 cm depth of cut and 4.2 metres of width would be necessary.  

It should be noted that excessive soil disturbance often occurs when bladed trails are used on slopes in excess of 30%.  Utilizing natural benches or less steep areas within the block will help to minimize the depth of cuts.
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Figure 25.  The effect of deviating from contour skidroad on cut height and skidroad gradient.
Trail grade

As skid trail grade increases, excavation requirements decrease, and trail spacing distance can increase.  This can reduce soil displacement and compaction but it can increase the potential for surface erosion by water.  Therefore use of steep trail grades should be discouraged on sites with a high or very high hazard for soil erosion (Homoky 1994).  Regardless of soil type, if steep grades are proposed, water and drainage control must be considered during trail construction and subsequent skidding operations.
Experience indicates that steep trails should be avoided on non-cohesive soils such as those derived from granular glaciofluvial materials or volcanic pumice.  When dry, these non-cohesive soils are readily displaced as soon as the forest floor has been disrupted.

Trail construction techniques
Skid trails are often constructed with crawler tractors or small excavators.  In general the smaller the crawler tractor, the narrower the trail that is constructed (Krag 1991; Kockx and Krag, 1993).  Constructed trails, however, must be matched to the size of the proposed skidder; a running surface too narrow for the skidder will compromise safety and efficiency.  Two other techniques can also be used to reduce skid trail width.  Incorporating snow into the road profile can help reduce trail width as well as cut height into the slope (see also section 4.8.8).  Incorporating woody debris using small backhoes (excavators) can have the same effect in reducing trail width and height of cut.
4.8 Modifications to harvesting equipment/method to enhance soil conservation

In both cable and ground-based logging systems further modifications to equipment or method can contribute to better soil conservation measures.  Some of these have already been discussed in earlier sections; below are some additional considerations.
Cable systems
4.8.1  Number of yarder drums

Two drum yarders such as the scab (running skyline) and shotgun (live skyline) are simple variations of the highlead cable system that provide for more log lift as well as longer yarding distance.  Yarders with three or more drums such as the slackline (live skyline) or standing skyline have the advantages of further increasing yarding distances, log turn payloads, and yarding corridor widths.  As yarder drum capacity and numbers increase so does the chance for better soil conservation.

4.8.2  Carriages / Droplines 
Skyline logging carriages come in many types, providing flexibility when yarding pattern is critical to soil conservation needs.  The simplest is the shotgun carriage which uses gravity to return the attached chokers to the falling boundary.  The shotgun carriage can only be used for uphill yarding.  The yarding corridor width is limited to the length of the chokers.  Shotgun carriages can be adapted with radio controlled or manual locks for better control.

A slack line carriage is hooked with butt rigging to which chokers are attached.  The carriage is lowered when slack is created in the skyline.  Uphill, downhill and limited crosshill yarding can be accomplished with this type of carriage.
Slack pulling carriages are slightly more sophisticated, they have the added feature of being able to yard logs to the carriage.  This increases the width of the yarding corridor.

Radio controlled carriages are outfitted with their own cables, or drop lines, some up to 230 m long.  They can be utilized for extensive crosshill yarding as well as uphill or downhill yarding.  However, logs are not normally suspended in cross hill yarding, and therefore soil disturbance will occur.
Ground-based systems
FERIC has produced a practical guide to operating timber harvesting equipment entitled Preventing Soil Compaction and Rutting in the Boreal Forest of Western Canada (Sutherland 2003).  This booklet augments information provided in the following sections.

4.8.3  Low ground pressure equipment

Machines with lower ground pressure can be considered when soil compaction is a concern.  A machines’ ground pressure refers to the ratio of machine weight to bearing area (soil contact area or footprint of tires or tracks).  It is measured as pounds per square inch (psi) or as kilopascals per square centimetre (kPa).  A machine is often rated as having low ground pressure (LGP) if it has a nominal ground pressure less than 6.3 psi or 43.4 kPa.  Table 17 provides relative ground pressure ratings for different classes of ground-based equipment.  The nominal ground pressure for horses has been included for interest.
The ground pressure rating is usually provided as the nominal or static ground pressure (i.e., standing machine without a load).  However, the working or dynamic ground pressure of a machine can vary significantly from its static ground pressure. The reason for this is that dynamic ground pressure is affected by: the size and balance of a load; after factory machine modifications; type of suspension and drive system; adverse or favourable operating conditions; travel speed; and terrain conditions. Therefore, when prescribing for, or selecting a specific LGP machine, be cautious about making the decision based on its LGP rating alone.  Equipment manufacturers and distributors should be consulted for further information on design specifications, features, capabilities and dynamic ground pressure ratings (if available).
Flex-tracked skidders, wide tire and wide tracked skidders, forwarders and clambunk skidders can be considered LGP machines.  Often, LGP is used as a relative term, for example, a rubber tired skidder equipped with wide tires is often referred to as a LGP skidder, although it may not have a ground pressure < 6.3 psi .  
Table 17.  Ground-based primary transport equipment classes with general ground pressure ratings (adapted from Spong 2002).
	Type of primary transport equipment
	Range of nominal

 ground pressure (psi)

	Rubber tired skidders
	10-25

	Tracked skidders
	10-25

	Forwarder
	8-12

	Flex-track skidders
	6-7

	Clambunk
	?

	Hoe-forwarders
	5-6

	Horse
	20-25


Note that compaction can occur even with the use of LGP equipment.  In Alberta, on a medium textured soil at field capacity, McNabb (1999) found that compaction occurred despite the use of low impact harvesting equipment (e.g. wide-tire skidder, wide-track crawler, or forwarder).  He also found that most compaction from wide-tired skidders occurred within the first three machine passes, indicating three (3) or less machine passes were necessary to avoid soil compaction. 
Rollerson (1988, 1990) looked at the effects of varying the number of passes with loaded skidders equipped with wide (44”) tires on sites on Vancouver Island. He, like McNabb, also found that a relatively low number of skidder trips (10-20) will cause a significant portion of the compaction on a skid trail. 
4.8.4   Wide tires / Tracks / Tire chains

The following information is largely provided by Dykstra (1998).  Tires and tracks apply two main forces to soils.  The vertical force, known as floatation, relates to the soils ability to support the machine.  The horizontal force, known as traction, comes from moving the machine forward.  Both forces are influenced by soil texture and moisture.
Where poor soil strength is estimated, floatation can be improved, by using wide tires, tracks or high floatation tires at low pressure. Increasing the size of the tires or adding tracks spreads the machines’ weight over more surface area which helps to reduce ruts on main trails as well as compaction throughout the block.  
When ground pressure of less than 5 or 6 psi is achieved, a machine is considered to have high floatation. Note that it is difficult to increase the floatation for large heavy skidders by increasing tire size alone.   To estimate how a wider tire or set of tracks will affect an unloaded machines’ ground pressure refer to Appendix C. 
Once a machine is equipped with high floatation tires, it is important that the size of the regular load not be increased, and that the load is decreased as soil conditions worsen.  Otherwise the benefits of increasing floatation may be cancelled.  Note that decreased load size leads to poorer productivity/higher production costs and continued operation during poor soil conditions, even with decreased load size, will often lead to unacceptable soil damage.
To minimize rutting and compaction Dykstra (1998) suggests that the following soil texture/moisture combinations require less than a 5 psi (unloaded machine) rating:  moist organic soils; wet clay and loam soils; wet sandy soils; moist clay and loam soils; and moist sandy soils.  Except for the sandy soils, this correlates to the soil textures outlined as very plastic and plastic in section 2.2.4.
Mounting wider tires will increase the width of the machine, but decrease its maneuverability.  This can increase the width of skid trails, as well as cause damage to residual trees, particularly in partial cuts
.   The traction limitations of wide high-floatation tires are not known for grassy or slash covered slopes in BC. 

When machines have multiple wheel axels (i.e., clambunks) a set of tracks (bogies) mounted over double tires will reduce ground pressure and also improve traction.  Bogies help spread the machine weight (and load weight for some types of skidders such as the clambunk) over a greater surface area.  For machines with a single axe in front and a bogie axle on the rear, the proper selection of the sizes between front and rear is critical to prevent soil rutting.  The outside diameter ratio of the front and rear tires must be maintained (Sutherland 2003).  Although tracks reduce the speed of the machine, they may increase skidding distance. 
Poor traction, due to tire slippage can be improved with the use of tire chains.  However, tire chains, when used under wet soil conditions, will only enhance the operable window when their use is confined to designated trails. Tire chains can also increase tire floatation however, they can chop up the surface soil and recompress and shear it with every machine pass. 
4.8.5   Chokers

Chokers are wire ropes used to hook logs up to 25 m away from the skidder.  A skidder equipped with chokers if referred to as a line skidder. When the skidder is equipped with a long winch line, chokers can be used effectively around low bearing strength or wet soils.  Before crossing a sensitive area the skidder can disengage the winch, temporarily drop the load of logs, cross or maneuver around to less sensitive ground, winch the logs in and continue to the landing.  In this way potential soil damage can be minimized. 
The winch method can also be used: on short adverse pitches by winching the log load up and over to avoid tire or track slip; to remain on designated skid trails where off-trail travel is to be avoided; and to pre-set chokers to increase productivity.  
4.8.6   Lighter loads

Skidders and forwarders can help to reduce potentially detrimental soil impacts by carrying lighter loads. By reducing the overall loaded weight of the machine, the weight bearing down on the ground will be reduced.  However, lighter loads will impact machine productivity, particularly on large blocks.
4.8.7   Slash mats / corduroy
Placing slash on wet or sensitive areas helps to cushion machine impacts to the soil.  However, multiple machine passes may imbed the slash into the mineral soil and still result in compaction and puddling.  Creating slash “mats” is common with feller-bunchers, hoe-forwarders and feller-processors. In roadside operations, forwarders will often travel on the slash mats left by feller-processors.  
Puncheon or corduroy (i.e., logs placed perpendicular to the trail) are recommended when multiple passes are required on skid trails.  Any puncheon or corduroy, used to keep machines from bogging down should be removed when it is no longer required, to facilitate  rehabilitation treatments.  Douglas (unpublished report?) found that the use of puncheon on hoe-chucking trails near Holberg reduced site impacts (as was reflected in 5-year growth of seedlings) on trails used for 2 to 4 machine passes. 
4.8.8   Snow trails/ snow bridges / blading
Snow built trails, can reduce the level of soil disturbance associated with constructed skid trails. Kockx and Krag (1993) found that the zone of compacted/excavated soil for winter built trails, when measured in the summer, was considerably less than that of summer built trails on similar slopes. They also noted that once the snow melted, most of the running surface of winter built skid roads became a loose, non-compacted mixture of organic debris and mineral soil.  
Small hoes work well in winter trail construction. As excavation proceeds, snow is mixed into the mineral soil fill.  The quality or compressibility and depth of snow influence the quality of the skid trail. Snow skid trails require a compressible snow at least 1 m deep, a condition usually restricted to the ICH zone and adjacent wetter ESSF subzones.
Snow bridges, commonly used in the mining industry in northeast BC and northern Alberta, are slowly being adapted by the forest industry in the southern Interior.  Snow-filled crossings over S4 streams can replace traditional stream crossing structures; with the added benefit of not creating any stream bank disturbance.  Equipment needed to construct a snow fill crossing include: a small to medium sized bulldozer, a medium sized excavator, geotextile, loose soil, and snow.  A well built structure will easily support a skidder.  Of course, the availability of the structure is limited to conditions when daytime temperatures remain below freezing (Monshenko 2006).
Another winter strategy used intermittently in BC is snow blading.  Blading the snow off skid trails decreases insulation to the soil provided by snow, and allows the soil to freeze before operations begin.  This practice often avoids the need for rehabilitation after thaw, water barring alone suffices.   Off-trail soil protection can also be practiced by blading a new area at the end of the day, to form a frozen snow crust that sets up hard for the next day’s operations.
4.8.9  Tree falling considerations 
Directional tree falling can be an important component of any harvesting strategy.  By falling trees crown first onto designated trails or away from sensitive areas, extraction costs (less hook up time) and soil disturbance can be reduced.  To be efficient, falling techniques should be compatible with skidding methods. If conducted by an experienced faller, directional falling can help to widen out trail spacing while still meeting the skidders’ productivity (Krag et al. 1991). 

Timing between felling and skidding

In boreal forests McNabb (1999) found that an important part of managing soil wetness came with minimizing the period between felling and skidding. The longer the opportunity for trees to (intercept and) transpire soil water, the less risk that precipitation will recharge soil water prior to skidding.  Once the trees are cut, most soils will only drain to a soil water potential at field capacity; this leaves the soil susceptible to compaction. 
� However, some of the worst soil disturbance found in BC has occurred on flat ground or gentle slopes.  A relaxation of soil conservation practices during inclement weather, and/or a failure to recognize poor soil strength resulted in detrimental soil damage occurring. 


� A harvest strategy should be supported by a field prescription and a detailed map.  It should clearly outline what, where, why, how and when harvesting operations should be conducted. It should inform all those who participate:  planners, operators, surveyors, inspectors and auditors. 


� Everyone involved from planning to execution to inspection understands the goals for soil conservation and how those will be measured to assess accomplishment.


� As experience is gained through the application of various strategies in relation to specific site conditions, an adaptive management approach ensures that feedback mechanisms will help to improve future harvest prescriptions and strategies.


� Optimum flying distance to a water drop zone is 1.5 to 2 km based on a 3600 kg + lift capacity helicopter (Sauder and Wellburn 1999).


� Light lift - < 2.7 tonnes;  medium lift – 2.7-5.4 tonnes; and heavy lift 5.5 – 11.3 tonnes. 


� Krag 1998 found immediate post logging disturbance of the forest floor, expressed by exposed mineral soil, ranged from <0.1 to 2.4% for several silvicultural treatments logged by helicopter.


� In the Interior, particularly in the wetbelt, operations may be restricted by deep snow between the months of November to April.


� A strong soil is able to resist rutting and compaction.  For mineral soils, soil strength depends on the amount of contact between the soil particles and is influenced by soil texture and water content (Sutherland 2003).  Fine textured soils are stronger when dry and weaker (prone to rutting) when wet;  conversely, the opposite is true for coarser textured, sandy or gravelly soils.


� Small wood cable size ~ 16 mm or 5/8” –  source WCB Cable Yarding Systems Handbook, 1993.


� Large wood cable size  ~ 30 mm or 1¼” - source WCB Cable Yarding Systems Handbook, 1993.


� Super Yarder (Auburn Timber Inc. of Auburn, Washington, U.S.A.) and Long-line (T-Mar Industries of Campbell River, BC, Canada) as reported in 1996 Truck Logger Magazine, Volume 19, No. 5).


� Monty Mosher quoted in 1993 Truck Logger Magazine, Volume 16, No. 5.) 


� This information has been largely extracted from FERIC HB-12 (MacDonald 1999).  


� In 1993 Truck Logger Magazine, “Weighing the Options”, Volume 16, No. 5.  p 10.


� Offsetting residual tree damage could be accomplished by de-limbing and topping in the bush; increasing  the foliar nutrients and woody debris left on the site.
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