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Abstract 

In April 1999, the Western Division of the Forest Engineering Research Institute of Canada held an 
implementation workshop for its advisory committee members. Twenty-four presentations were made 
by 26 speakers, including topics on planning, road construction and deactivation, harvesting and 
thinning operations and log hauling. This proceeding summarizes the material presented at the 
workshop. 

Disclaimer 
This report is published solely to disseminate information to FERIC members and partners. It is not 
intended as an endorsement or approval by FERIC of any product or service to the exclusion of others 
that may be suitable. 

Please note: the material contained within this compilation is, in some cases, based on preliminary 
results and should be used with that in mind. For further clarification, contact the author of the paper of 
interest. 
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INTERFACE 
Bruce McMorland, Harvesting Operations Group 

What is it? 
• A decision support tool to analyze scenarios by adjusting parameters within each phase 
• Computer program by Eastern Division, for modeling Harvesting and Silvicultural Operations 
• Tool - not an end result 
• It allows the user to compare options, and shows the effect of the operations on final cost per cubic metre or 

per hectare of regenerated area 
• Graphical, very visual program 

How it works 
• Design Site. Add species, tree sizes, and ground descriptions. 
• Choose equipment. Interface shows the effect of choices right away, e.g., felling cost for a feller-buncher of 

$239/m\ 
• Unit cost is calculated from an hourly productivity and an hourly cost. Can change unit cost by impacting 

either component. 
• When the user chose feller-buncher, an hourly productivity was calculated, determined from underlying 

regressions based on tree size, built into the program. 
• Hourly productivity is influenced and affected by site conditions input into the Site Box. 
• In the example. Strength, Roughness, and Slope are defined as Very Favourable for this machine. This, 

combined with the regression calculation is what resulted in the 2.39/m'. 
• If we change to a harsher piece of ground, the felling cost goes up to $2.81/m''. 
• In this instance, cost has changed because of an alteration to productivity due to site condition. 
• The user can override the program-calculated productivity and input his/her own value. 
• Unit cost can also be altered by changing the cost assumptions. 
• Again, the user can override the cost calculated by the model. 

Where is it? 
• Interface was introduced to BC and Alberta in December 1997 and later into Saskatchewan. 
• We have filled over half the requests for installation that we have received. 
• Contacted all 40 locations where the program was installed: 3 are users while 37 are not. 
• The low number of users, 3, concerns us and is the first part of dilemma. 

Installations (no.) Users (no.) Requests to fill (no.) 

Forest company divisions 33 2 22 

Provincial agencies 6 1 5 

Other 1 0 5 

Total 40 3 32 

What is the plan and what are the consequences? 
• Eastern Division expects release Version 2 to be completed in the fall of 1999. 

• 32-bit version 
• improved screens and reporting 
• updated regressions and correction factors 
• information related to mixedwood, hardwood harvesting and partial cutting 
• regionalization of Interface, including western Canada data 

• regionalization means splitting the data into subsets to represent geographic locations. 



• for the Western Divis ion , regionaUzation means smaller data sets for the locale, for most 
harvesting machine or system operations. 

N o . of studies Used for the Data Set 

Interior Alberta Total 

Feller buncher 9 24 33 

C . T . L . 4 8 12 

Horses 3 0 3 

Forwarders 0 9 9 

Grapple skidders 

Tires 8 14 22 

Tracked 0 0 0 

Line skidders 

Tires 1 0 1 

Tracked 7 0 7 

Yarders 

Skyline 4 0 4 

Grapple 9 0 9 

Clambunk 1 0 1 

Delimbers 5 19 24 

Processors 24 4 28 

Slashers 0 5 5 

Delimber/debarker 0 4 4 

Delimber/debarker/chipper 0 5 5 

Delimber or processor at 2 1 3 
the stump 

• W h y are we concerned about these data sets? Potentially, the low number o f studies leaves us open to 
criticism and maybe even credibility attack. 

What do we do now? 
Alternatives: 
• Use eastern data for all o f Canada (no western data in Interface). 

• data status "as is" supplied by Eastern Divis ion 
• zero additional cost required by Western Divis ion 

• Provide data for Interface that represents western conditions. 
• requires dedicated studies to fill blanks. Estimate $300 000-$450 000, up to 3 years. 
• Interface uses eastern data until western data sets are finished. 
• database requires ongoing addition and permanent maintenance. 



Alternative Harvesting for Visually Sensitive Viewscapes 
Eric Phillips, Silvicultural Operations Group 

This trial of visually sensitive harvesting was carried out at Canfor's Harrison Mills Division with partial 
funding from Forest Renewal BC. Canfor used a Washington 078SL swing yarder with a Maki Mini-Mak II 
motorized slack-pulling carriage in this operation. Backspars and up to 2 intennediate supports were required to 
improve.deflection on this convex slope. The .stand, was a.naturally regenerated mixed species stand (westem, 
hemlock, westem red cedar, Douglas-fir) resulting from a 1925 harvest. High visual sensitivity was the reason for 
partial cutting on this area. 

BUT what are the consequences of partial cutting? 
• How can we meet visual constraints? 
• Can we do this economically? 
• And is it a silvicultural system? i.e. what kind of future stand are we creating - keeping in mind these 

second growth stands are often prime productive sites. 
• What effect do the treatments have on windthrow resistance? 
• Can we use partial cutting in these stands to meet wildlife needs by emulating a later successional stage? 

The objectives of this project were to try and answer some of these questions. The objectives were achieved by: 
• by doing a FERIC cost and productivity study, and 
• by measuring stand attributes resuhing from the harvesting. 

Results 
• The thinning from below, which removed 46% of the stems and 24% of the volume, was achieved without 

significant visual impact. 
• Inside the stand, this harvesting changed the crown opening from closed canopy (.08%) to 7% (7.4%). 
• Thinning from below is challenging. The fallers divided their day between falling and marking. Falling 

parallel to the contours was prescribed but was difficult to achieve. Although the falling was not monitored 
in detail, there was ample evidence of the difficulty of falling in this closed canopy stand. 

• Yarding was also more challenging and required 10% more time per cycle to hookup and maneuver the turn 
between the residual stand. 

• The total cost, on truck, was $98/m .̂ 14% of the cost was marking and falling, 66% yarding and 20% 
loading. Keep in mind: 

• These costs are not company costs - they are generated by FERIC's costing model. 
• Some of the costs were specific to this trail and resulted from less than optimal layout. 
• Obviously the cost are just for this entry and do not reflect any future benefits from improved final 

product or from additional volume recovery. 
• 7% of residual trees had damage which exceeded the FPC guidebook for short-term rotation. 
• As expected for a skyline system with partial to full suspension, very little site disturbance was observed. 

The slash was measured to provide data for the cooperator's spotted owl food chain linkage studies. 

Conclusion 
• This harvesting resulted in minimal visual impact. 
• The operation removed about Yi of the stems and 'A of the volume. 
• The crown closure moved from being closed to 7% closure. 
• The cost was $98/m^ on the truck (includes marking, falling, yarding and loading). 

Future Work 
• Complete the editing of the report, edit the video (both as an illustration of the project and as part of the 

partial cutting video project). 
• Revisit the plots to determine if there has been any release, change in vegetation or windthrow. 
• New complementary project will start once existing work is completed. 



Partial Cutting in Coastal Old Growth 
Brian Boswell, Harvest Engineering Group 

Introduction 
This project examines Timfor Contracting's five-year Forest License in Knight Inlet. The purpose of the license 
is to develop and use alternative harvesting practices and conventional equipment to harvest timber in scenic 
areas. The area is steep and highly visible to Knight Inlet. Clearcutting would not satisfy Visual QuaUty 
Objectives for the area so various partial cutting treatments were prescribed. 

FERIC's objectives are to determine the productivies and costs of logging and engineering, the amount and 
extend of damage to the residual trees, and to assess the effect of the harvesting on visual quality. 

The Harvesting System, Site, and Prescription 
Harvesting on our study areas was done using conventional swing yarders (two Madill 044s) wiwth small drum 
carriages (Bowman Mark Vs). Small patch cuts were used in the flatter areas while a single tree selection system 
with corridors was used in the steep highly visible areas. 

The harvest was over an area 117 ha in size, and consisted of 11 patch cuts ranging from 0.3 ha to 1.1 ha, with 
leave areas of approximately the same area as the patch cuts (7% and 8% of the total area respectively). The 
single tree selection area (77% of the total area) consists of 65 corridors with the areas between corridors being 
thinned. The corridors ranged in length from 70 m to 650 m. The remaining area was made of roads, landings 
and non-productive sites. 

The stand had a pre-harvest volume of 590 m̂ /ha with an average DBH of 50 cm. The stand was 41% western 
red cedar and 22% yellow cedar, western hemlock and amabilis fir making up the remainder. The prescription 
was to remove 56% of the basal area (BA), or 354 mVha.. The cutting specifications were to remove 2/3 of the 
trees 33-55 cm in diameter, 4/5 of the 55-77 cm trees and 1/2 of those greater than 77 cm. Corridor centers and 
patch cuts were marked in the field. Otherwise, the fallers selected the trees to cut. During harvesting, plots were 
done to determine if adequate trees were felled. 

The silviculture prescription calls for a second entry in 30 years that would, again, remove 56% of the BA and 
leave a residual stand of 201 m̂ /ha. This removal level was calculated using a mean annual increment of 9 m"* 
and 10% mortality. 

Results 
We have productivity results for 7 months of logging. The patch cuts are complete and corridor area is about 
75% complete. The productivity for the patch cuts was 129 m̂ /8-h shift, 20% higher than the corridors at 108 
mVshift. This was in spite of the fact that the yarders spent a higher proportion of their time actively yarding 
when in the corridors because they had less breakdowns. 

The damage results cover about 1/3 of the block. Within the total area, 8% of the trees received some type of 
damage and 4%, or 15 trees/ ha, received damage considered unacceptable for long term retention under the B C 
Forest Practices Code. Much of the damage occurred to the trees lining the corridors, and 30% of the 
unacceptable damage was caused by lines on tailhold and guyline trees. 

Engineering the blocks took about 5 mandays/ha, at a cost of about $4/m̂  based on IWA rates. This was the 
engineers' first experience with this type of system so you can expect improvements on these numbers. The 
second block has taken about 30% less time. 

Now, a few other observations. Starting with the falling, there were a few growing pains. The falling contractor 
had experience partial cutting in another project on the Coast. There the trees were pre-marked while here the 



fallers had to figure things out themselves based on the cutting specs. They also had to keep an eye on the visual 
effect, adjusting the cutting accordingly. 

The fallers were a little frustrated through much of the falling and would have liked more direction. Assessment 
plots indicated that, at the start of the operation, the fallers were not taking enough volume and they increased 
their removal level. 

In order to increase the volume removed; keep the damage level down, and still preserve the,visual quality, 
some wider corridors were taken, especially on the steeper ground where controlling residual tree damage was 
difficult. On the less steep ground the corridors were 8 to 9 metres wide. On the steeper ground bulges were cut 
in the corridors in order to get more volume. In one case, a corridor was 70 m wide at the backend and two 
skyline roads were rigged within the coiridor in order reduce the lateral line pulling distance. 

A couple of comments about the layout. The rugged ground dictated a road system design that would not allow 
parallel skyline corridors. Instead, yarding was conducted from landings with corridors radiating from a central 
point. For this location the system worked well and the area was engineered to minimize sidehill yarding. A 
drawback to fan-shaped settings is the large clearings that are created where the corridors converge. Extra care is 
required when designing the block to ensure these openings are not visible. An.advantage of the central landings 
was that less time was spent moving the yarders. 

Yarding problems occurred in areas with poor deflection. In some cases, large cedar logs had to be split in order 
to facilitate yarding. Payload analysis had shown possible problems on some corridors; however the engineers 
were a little too optimistic and there were big problems on 5 corridors. Both the engineers and the loggers 
learned from the situation and say they will look at the deflection lines more closely in the future. . . 

Overall the logger seemed pleased with the operation although market conditions, especially for the hemlock 
and balsam, were very poor. This type of operation is still new to the crew and requires more finesse than the 
clearcut operations they are experienced with. The crew was very frustrated when production was much lower 
than what they were used to. Overall though, the crew is happy to be working again and are doing what they can 
to make the operation a success. 



Results of Harvesting Trials in a Riparian Flood Plain of Western Alberta 
K.T. Kosicki, Harvest Engineering Group 

The project was initiated by Weldwood, Hinton Division to gain more knowledge about effects of partial cutting 
on timber and non-timber resources in the riparian area spruce and mixed stands. FERIC's study has three 
objectives: 
• Gain research and operational experience with partial cutting in a riparian flood plain, . 
• Determine productivity and cost of the operation, and 
• Suggest ways to improve the operation. 
The study area is located close to the McLeod River, about 40 km east of Hinton, Alberta, and is classified as an 
active floodplain. Stand structures suggested using two silvicultural systems: Group Selection System in white 
spruce stands, and Uniform Shelterwood System in mixed stands of white spruce, lodgepole pine, and aspen. 

Group Selection 
In white spruce stands, diameter distribution was plotted for the three stand stages„(existing stand, structure goal 
stand, and planned stand). Deficits and surpluses were identified in various diameterclasses. Generally: trees in 
small diameter classes (5 to 20 cm) had to be retained, and selected trees in larger diameter classes (27.5 cm and 
greater) had to be removed. To make the mechanized harvesting system viable, the classical single-tree selection 
system was modified to a group selection system, in which groups of neighboring trees were selected. An 
average of 13 trees per group were harvested. The 62 groups were distributed evenly over the stand area of 
about 20 ha. Size and shape of patches varied but width did not exceed 25 m and area was less than 0.08 ha. All 
selected trees, 799 in total, were marked with a red ribbon. Minimum diameter of the cut trees was 27.5 cm. 
Each group was assigned a unique number and this number was painted on one of the trees within the group. 

Curves of Diameter Distribution 
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Harvesting was done in winter 1998. Falling was carried out with a Timberjack 850 feller-buncher using a 
Koehring 20"-felling head. The operator identified the location of a patch, cut the trees marked with the red 
ribbon and prepared bunches for skidding and delimbing. Because the feller-buncher controlled the felling 
direction and location of bunches, residual trees incurred minimal damage. 

After all marked trees had been cut and bunched, the feller-buncher produced a skid trail cutting the trees while 
moving to the next group of selected and marked trees. The recommended location of the skid trails was marked 
with pink ribbons. The feller buncher cut all 799 selected trees within the groups, and about 1200 trees to 
produce the network of 1000 m of skid trails and 500 m of hauling roads. The total volume harvested in the 
block was approximately 2000 m^ and the average feller-buncher productivity was 230 mV8-h 
shift. 

A John Deere 648E grapple-skidder was used to extract the bunches from group areas (patches) to openings 
along the skid trails and roads where they were accumulated for more productive delimbing. Delimbing and 
processing was performed with a DM 3500 (Denharco) boom delimber. The average delimbing and 
processing productivity was about 30 mVscheduled machine hour (SMH). 

For hauling, a self-loading truck was used. 

Shelterwood System 
A uniform, two-pass shelterwood system with seed-tree reserves was applied in two blocks with mixed species 
stands. Harvesting was done last winter. In both blocks, a network of trails (corridors) spaced at 24 m was 
established in the stand. Angles between the hauling road and skidding trails were about 50°, and angles 
between the dog-legged skid trail sections were about 140°. The shape of skidding trails is expected to reduce 
wind damage to the stand. 
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A Tigercat 845 feller-buncher with a 20" disc saw and a zero-tail swing cut 8-m-wide extraction trails. The trails 
were wide enough to permit maneuvering by the equipment as well as temporary bunching of the stems. All 
trees were cut and bunched within the 8-metre wide trails. The feller-buncher also removed 50% of the basal 
area in a 4-m-wide strip on each side of the extraction trail. A final 8-m strip was left untreated, and will be used 
as an access trail during the second entry of the shelterwood cut. The feller-buncher's average productivity was 
about 125 stems/SMH and about 630 mV8-h shift. 

In this treatment̂  a John Deere 748E'grapple skidder-was used: Overall on the two blocks, the average skidding 
distance was 130 m, the average volume per turn was about 6 m', and the skidder produced about 45 m'/SMH. 
Falling and skidding phases left well-defined skid trails within the harvested area. The stems were delimbed and 
processed at the roadside with a Lim-Mit 2000 delimber. The average productivity was about 70 stems/SMH 
(pulpwood included) or about 50 sawlogs/SMH. 

Conclusions 
The design of the harvesting systems and the chosen equipment complement were applied effectively. 
Because the feller-buncher controlled the felling direction and location of bunches, residual trees incurred 
minimal damage. 
Planning, instruction, and coordination must be done thoroughly to minimize problems during harvesting. 
Because the crew accepted the rationale of the partial cutting systems, the operators were motivated and 
interested in obtaining new skills, and tried to find solution to operational problems. 

Our field study on shelterwood system was completed mid March. Last week, we have submitted a preliminary 
report to Weldwood, Hinton Division, summarizing the shift-level study results for felling, skidding, and 
delimbing operations. A more detailed report will be prepared after the results of the weigh-scaling at the 
sawmill and pulp mill are obtained. 



Partial Cutting in the Interior of British Columbia 
Janet Mitchell, Silvicultural Operations Group 

The cooperators in our interior BC partial cutting studies were: 
• Riverside Forest Products, Kelowna, with financial assistance fi-om FRBC 
• Weldwood, Williams Lake with the Cariboo Forest Region of the Ministry of Forests 
• West Fraser Mills,'Quesnel 
• and of course all the contractors involved 

Rationale 
Some of the reasons for partial cutting in these studies were: 
• The areas had high recreation and tourism values. 
• Several blocks were in mule deer winter range areas or on wildlife travel corridors. 
• Some stands had beetle-killed timber or windthrow. 
• All the blocks were subject to green up restrictions. 

Study with Riverside Forest Products 
Riverside has been partial cutting with a Timberjack harvester and forwarder system since 1993 and several sites 
were monitored as part of FERIC's study. These blocks included patch cuts, partial cutting, windthrow salvage 
and clearcuts. The harvesting prescriptions have been for reasons such as health, recreation, wildlife, windthrow 
and a clearcut for comparison data. 

In the patch cuts, small openings (.5 ha) were created with the harvester to salvage beetle-killed trees. In the 
partial cuts, individual trees were removed to create a residual stand with approximately 350 trees per ha. This 
was for salvaging beetle-killed wood, recreation and wildlife habitat. The windthrow was salvaged with single 
tree, patch cuts, edge feathering techniques, and clearcuts. 

Study with Weldwood of Canada 
Weldwood, completed a study on Viewland Mountain above Horsefly Lake. Weldwood and the Ministry of 
Forests were interested in visuals and wildlife values as well as several other factors (such as regeneration", root 
disease, and windfirmness). This study consisted of 20 patches of 4 opening sizes from 1/4 ha to 2.0 ha, oriented 
along the slope and across the slope. The study block is also visible from Horsefly Lake where there are many 
fishing camps, rec sites and a Provincial Park. 

Study with West Fraser Mills 
West Fraser completed some partial cutting last winter near Barkerville. The partial cutting consisted of 13 
blocks, (small clearcuts from 2 to 10 ha) on Cornish Mountain, behind the town of Wells. West Fraser wanted to 
access fibre in an area with very high visuals and recreation values, a very active community group, and high 
tourism values, as the block is visible from the main highway to Barkerville and the Bowron Lakes canoe 
circuit. The community also wanted to use the haul roads for cross country ski trails during the year 2000 winter 
games being held in the area. 

Results 
1 won't present cost and productivity numbers because there isn't enough time to go into details. Instead I would 
like to answer the question "Did the companies meet their objectives of visuals and recreation, wildlife, and 
stand health while meeting legislative requirements?" 

• In the block next to a recreation site. Riverside removed the beetle-killed wood while maintaining the visual 
and recreation values of the residual stand. In the other blocks, beetle-killed wood was salvaged while 
maintaining 350 trees/ha. 



• Weldwood was able to achieve a low visual impact, as only two of the 20 blocks are partially visible from 
Horsefly Lake Provincial Park. The effect of partial cutting on the wildlife in Weldwood's study will not be 
known for a few years, since the Ministry of Forests in looking after that portion of the project. 

• West Fraser was able to achieve low visual impact on their block above Wells. The local community was 
happy with the look of the blocks on the hill and the layout of the roads (their ski trails). 

Operational limitations/considerations 
1 would like to make a few general corriifients on partial cutting based on some of the problems that we 
encountered in these three studies, concerned with landings, skidding, equipment selection, residual tree 
spacing, community involvement, and crew experience and supervision. 

• Landings 
• The layout of the blocks to minimize the number of landings can lead to some problems. In one study, 

too much wood had to go through four landings, leading to congestion, and lack of room for decking and 
sorting. 

• The skidder had to wait for the processor and the processor had to move to another landing while trucks 
were loaded. 

• When the landing became "plugged" the skidder would move to another landing and skid other openings. 
This leads to wasted time moving when he should be skidding. 

• Skidding distances 
• With few landings, or blocks of irregular shapes, skid distances may become very long. In one study, the 

processor often had to wait for the skidder, even though the skidder would try to balance blocks with 
short and long skidding distances. 

• The skidder operator would also "spot" stems, by moving them forward and then skidding them the rest 
of the way later. 

• In another study, to minimize roads and landings, the block layout created long skid distances and all the 
wood was skidded to one landing in the corner of the block. 

• Suitable equipment 
• The equipment must match the size of wood. In one case, the faller had to buck logs that were too big for 

the processor. Since there were not too many in this case, it was okay, but productivities will be affected 
if the equipment is not suited to the tree size. 

• Residual tree spacing 
• Residual tree spacing can affect the productivity of the harvester, forwarder/skidder while trying to 

minimize residual tree damage 
• Community involvement 

• Local communities that are involved right from the beginning will be more supportive. 
• West Fraser had discussions with the community and held tours for the interested parties before, during 

and after the logging. This lead to the success of the project. 
• Crew experience and supervision 

• The experience and the attitude of the crew is very important in any harvesting operation, but especially 
partial cutting where the crew has to make more decisions on a ongoing basis. 

• The operators must know the capabilities of their equipment. 
• Once a crew has been trained and has had experience in partial cutting and knows and understands the 

objectives of the treatments, marking of trees and close supervision may not be necessary. 
• The crew members can check themselves by regularly putting in plots or sweeps with the prism and then 

adjust their spacing to take or leave more trees if necessary. 

In summary 
The three projects had similar objectives: forest health, wildlife, recreation or visuals. Partial cutting was seen as 
a solution for the companies to obtain fibre while maintaining the other values. 



Effect of Tree Size and Stand Density on Harvester Productivity 
in Commercial Thinning 

Brian Bulley, Silvicultural Operations Group 

The commercial thinning project was designed to see how tree size and stand density affect harvester 
productivity. The project began in the fall of 1996 in cooperation with Millar Western Forest Products and Blue 
Ridge Lumber; Kenmatt Logging were the contractors for Millar Western and Brinkman Associates were the 
contractors for Blue Ridge Lumber. 

The objectives of the study were to: 
• quantify the effect of tree size and stand density on harvester and forwarder productivity as well as 

forwarding distance on forwarder productivity; also to 
• measure productivity and determine the cost of the operations; and finally to 
• measure slash loading and damage to residual trees. 

Seven study areas were selected for the study, six areas with Millar Western and one area with Blue Ridge 
Lumber. The sites were selected to give as broad a range as possible for tree volumes and stand densities. The 
Millar Western areas were thinned with a Timberjack 608 feller-buncher equipped with a harvesting head, while 
the Blue Ridge site was thinned with a Rocan-T. Forwarding of the Millar Western areas was done with a 
Timberjack 1210, and the Blue Ridge area was forwarded by a Rottne Rapid. 

Results 
The first graph shows the relationship between harvester productivity and pre-harvest stand density for the study 
areas. As you can see, the lowest density was about 1300 stems/ha while the highest density was approximately 
2700 stems/ha. There was no significant relationship between productivity and stand density. The low R̂  value 
of about 0.2 indicates that little of the variability in harvester productivity is explained by stand density. The 
trend line is based on 18 observations from the Millar Western areas. If a larger sample was used, the R̂  value 
may have been higher. 

The second graph shows the relationship between harvester productivity and pre-harvest stand volume. There 
was a relationship between productivity and volume. The R̂  value of 0.5 shows that about half the variability in 
the productivity can be explained by stand volume. Again the trend line is based on only 18 observations and a 
larger sample may have increased the R̂  value. 

From the two previous graphs you see that it's tree size, not stand density, that affects the productivity of the 
harvester. Generally as stem size increased, harvester productivity increased. For the seven study areas the 
productivity of the harvesters ranged from 4.6 to 22.7 mVPMH. Which corresponds toareas with the smallest to 
the largest stem sizes. 

With the forwarders, stand density had no influence on productivity. While there was a weak relationship 
between productivity and travel-empty distance. For six study areas the productivity of the forwarders ranged 
from 11.8 to 23,2 mVPMH, 

Costs were calculated using FERIC's costing methodology. Costs for the seven areas ranged from about $16 to 
$55/ m^ The least expensive area had the largest stem sizes and the most expensive area was the one with the 
smallest stem sizes. 

After the harvesting and forwarding were completed and the snow melted, slash levels and residual damage 
were assessed. We went back to each area and measured the amount of slash on the ground, as well as looked 
for tree damage such as what you see on tree number six on this slide. The post-harvest results only deal with 
the six Millar Western areas because a fire swept through the Blue Ridge study area before data collection could 
be completed. In looking at slash levels, it was apparent that the volume levels were directly related to the 



number of trees harvested. Which makes perfect sense. But damage was another story. For this study, no 
relationship was found between damage levels and tree size or stand density. Which indicates that damage may 
have been affected more by operator care than tree size and stand density. 

This was just a very quick overview of this study. The report has been sent for external review, so if you are 
interested in the complete resuhs, it should be published shortly. 
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Reduction of Trail Density in Shortwood Thinning 
Stephanie Sambo, Silvicultural Operations Group 

Reduction of trail density in shortwood thinning reduces the area traveled by machinery and lowers the risk of 
soil damage, hi this project the effects of thinning with a harvester-forwarder system at two trail spacings were 
studied. The causes of soil deformation, according to Professor Wasterlund of the Swedish University of 
Agriculture Sciences, are tires that are too small, contact stresses, the number of passes over a specific piece of 
ground, soil density, and soil moisture distribution. The study site was near Swan Hills, Alberta and the 
cooperators were Millar Western Forest Products Ltd. and Double B Logging, both of Whitecourt, Alberta. 

The objective was to reduce forwarder trail density by increasing trail spacing and using ghost trails. This 
method was developed in Scandinavia and has been used in Eastern Canada. The harvester makes one pass, 
called a ghost trail, through the area between forwarder trails located at greater trail spacing. Usually, the 
spacing between forwarder trails is dependent on the length of the harvester's boom. Harvesters with booms 9 m 
in length will be able to reach most of the trees in the intermediate zone from either forwarder trail if the trail 
spacing is 18 m. If the forwarder trail spacing is increased to 25 m, then those harvesters will not be able to 
reach all the trees in the intermediate area so one option is to cut a ghost trail and pile logs from it next to the 
forwarder trails. The forwarder does not travel down the ghost trail. The effect of ghost trails on harvesters and 
forwarder's productivities was studied. 

The goal of thinning this stand was to access fibre before the final harvest and to maintain wildlife habitat. The 
stand prescription called for removal of 50% of the trees. Snags, trees with small diameter, poor form or damage 
were targeted. Advanced regeneration was to be left. The density of the pine and spruce stand ranged from 
1000-2300 trees/ha. 

Two single-grip harvesters were studied, a Rottne Rapid EGS and a Timberjack 1270. The Rottne had a boom 
length of 8 m and the Timberjack's was 9 m. The forwarder was a Timberjack 1010. 

Method 
We set up eight treatment units, ranging in size from 1 to 2 ha. Five were control units with forwarder trails at 
20 m spacing. The other three units had forwarder trails at 27 m spacing and ghost trails. We collected 
productivity data on the harvesters and forwarder such as shift level and detailed timing. The harvesters cut logs 
into 3.73 -5.09 m lengths and piled them along the forwarding trails. The forwarder entered the stand and began 
operations after the harvesters finished theirs. A soil disturbance and a tree damage survey were completed post-
harvest. 

Results 
• 25 to 60% of the stems were harvested. 
• The area in forwarder trails was less in control units than units with ghost trails. The area in forwarder trails 

decreased with Forwarder trail spacing. However, in units at 27-m spacing in addition to the area in 
forwarder trails there was also area in ghost trails. 

• The harvesters' productivity did not differ between the control units and those with ghost trails. 
• The forwarder's productivity was lower in control units than those with ghost trails. 
• Soil disturbance was less in the control units than the treatments with ghost trails. In some areas the gi-ound 

wasn't totally frozen before the machines began operations so ruts developed. It then snowed and even at 
very cold temperatures forest soils that are covered with snow don't freeze and are therefore vulnerable to 
compaction. 

• The harvesters used a slash mat of tree limbs and tops to reduce soil disturbance. 
• Treatment units with ghost trails and high pre-harvest stand density had the greatest proportion of trees 

damaged. This may have been because the harvesters' booms hit residual trees when piling logs from ghost 
trails alongside the forwarder trails. 



• The cost of the harvesters thinning in the control was $16.36/m\ greater than in the units with ghost trails, at 
$13.6I/nn'\ The cost at high densities was double that at low densities, in the control for example, 
$24.68^ compared to $10,79/m\ respectively. As Brian mentioned earlier tree size is the influencing 
factor on harvester productivity. 

• The cost of the forwarder thinning in the control was $10.20^ compared to $7.76^ in the unit with ghost 
trails. The effect of piece size was not as strong on the forwarder's productivity as the harvesters. 

• The combined cost of harvesting and forwarding in the control was $26.56/m\ greater than in the treatment 
with ghost trails at $21.37/nr\ 

Recommendations 
Full-sized harvesters are versatile because they can be used in clearcuts as well as for thinning. Another opdon 
to reduce trail density with full-sized harvesters is to widen the trail spacing to 25 m. If the harvesters can reach 
10 m on either side of the trail, then about 5 m would be left untouched in the area between trails. 

Match the harvester and forwarder to the site and stand. Mini-harvesters work well on ghost trails in high 
density stands. It becomes difficult to create ghost trails in stands with more than 2000 trees/ha. Consider the 
height of trees, length of logs cut, and reach of machine to determine the spacing of ghost trails. 

Be aware that tree size has a strong effect on harvester productivity. Harvester and forwarder productivity is not 
as greatly influenced by trail spacing as by piece size. Trail spacing can vary with the harvester, thinning 
objective and stand conditions. 

Cost of Harvesting 

Harvester cost ($/m^) Forwarder cost ($/m^) 

Trails at 27 m and Trails at 27 m and 
Trails at 20 m ghost trails Trails at 20 m ghost trails 

High density 24.68 16.18 10.95 7.59 

L o w density 10.79 8.23 9.63 8.06 

Overall 16.36 13.61 10.20 7.76 



Commercial Thinning on Northern Vancouver Island 
Marv Clark, Research Director 

A commercial thinning operation was carried out in MacMillan Bloedel Limited's Port McNeill Division in 
order to determine the productivity, cost and impacts of thinning in a 50-year old coastal hemlock stand. The 
research component of the project was funded by Forest Renewal BC. 
The site index on the area was 33 m at 50 years, and the pre-harvest stand had a density of 1650 trees/ha, a 
volume of 950 mVha, and basal area of 70 m̂ /ha. The stand was comprised of 80% western hemlock, 15% 
amabilis fir, 4% Sitka spruce and 1% western red cedar. Four treatments were initially prescribed: 
• Commercial thinning (cable) leaving 450 trees/ha 
• Commercial thinning (ground-based) leaving 450 trees/ha 
• Shelterwood leaving 200 trees/ha 
• Shelterwood leaving 300 trees/ha 
After a portion of the harvesting was completed, the combination of wet snow and heavy winds resulted in 
serious windthrow within the harvesting unit, and the prescription for the commercial thin ground-based 
treatment had to be altered to a shelterwood of 100 residual trees. Salvage of the windthrown stems was also 
undertaken. 
Both cable and ground-based harvesting systems were used. Cable yarding was used in the Commercial Thin, 
Sw-200, and SW-300 units and the ground based system was used in the SW-100 unit. The cable system 
included both manual and mechanical falling, prebunching with an excavator, and yarding with a standing 
skyline, swing yarder, and motorized slack-pulling carriage. The ground based system consisted of manual 
falling and forwarding with an excavator. In all cases, a rubber-tired skidder was used to sort the logs and 
loading and hauling was done by a self-loading log truck. 
The productivity and cost (calculated using FERIC's costing method) of the phases are shown below. 

Table 1. Falling Costs 

Treatment Method Productivity Cost 

(mVPMH) ($/m') 

Commercial thinning Manual 7.4 8.71 

SW-100 Manual 9.3 6.96 

SW-200 Mechanical 15.2 11.84 

SW-300 Mechanical 10.5 17.15 

Table 2. Excavator Forwarding Costs 

Treatment Productivity Cost 

(mVPMH) ($/m̂ ) 

Commercial thinning 19.7 5.05 

SW-100 27.0 3.15 

SW-200 19.9 4.47 

SW-300 11.3 7.63 



Table 3. Cable Yarding Costs 
Treatment Productivity Cost 

(mVPMH) ($/m̂ ) 

Commercial thinning 10.49 33.10 

SW-100 n.a. n.a. 

SW-200 15.32 ' 22̂ 45 

SW-300 16.57 22.23 

Table 4. Production Cost Summary by Treatment 

Production cost ($/m̂ ) 

Commercial SW-100 SW-200 SW-300 
thinning 

Planning 1.42 1.42 1.42 1.42 

Road development 1.16 1.16 1.16 1.16 

Falling/bucking 8.71 6.96 11.84 17.15 

Excavator forwarding 5.05 3.15 4.47 7.63 

Yarding 33.10 n.a. 22.45 22.23 

Skidding/sorting 8.25 3.44 5.64 5.59 

Loading/hauling 4.40 4.40 4.40 4.40 

Utility person 0.00 1.69 0.00 0.00 

Total 62.09 22.22 51.38 59.58 

Residual tree damage and site disturbance were also measured and the results are described in the tables below. 

Table 5. Post-harvest Residual Stand Tree Damage 

Plots/trees Damage (no.) 

Treatment (no.) None Light Moderate Severe Mortal 

Commercial thinning 13/36 14 8 8 2 4 

Commercial thinning cleanup 7/12 1 6 3 0 2 

SW-100 12/9 4 4 0 1 0 

SW-200 19/26 8 8 5 4 1 

SW-300 18/38 8 9 9 6 6 

Total number 35 35 25 13 13 

Percent of total in plots 28.9 28.9 20.7 10.7 10.7 



Table 6. Site Disturbance 

Disturbed area 

Treatment Treatment area (ha) (ha) (%) 

Control 6.2 0 0 

Commercial-thinning 11.7 .1.74 . : , . ,14.9. 

SW-100 9.6 0.29 3.0 

SW-200 7.5 0.35 4.7 

SW-300 7.1 1.20 16.9 

Buffers 4.5 0 0 

Roads/landings 1.3 1.3 100 

Total 47.9 4.87 10.2 

Site disturbance with the ground-based system was low, due to the driest summer in many years. This reduced 
the amount of disturbance. The commercial thin unit was entered twice because of the salvage that was 
necessary. 

Conclusions: 
• Manual falling is more cost-effective than mechanical falling. 
• The lowest harvesting costs occurred on the ground-based treatment. 
• The lowest wounding occurred on the ground-based treatment. 



Commercial Thinning Trial on Vancouver Island 
Brian Boswell, Harvest Engineering Group 

Introduction 
In 1994, markets were strong and MacMillan Bloedel was looking for fibre to supplement its timber supply from 
mature stands. Previous to this study the company had been actively commercial-thinning 50 to 60-year 
Douglas-fir. stands on its private lands, using handfallers and a crawler tractor. The purpose of this tria.1 was see 
if it would be economic to use a harvester to thin younger stands. 

In this trial, a Valmet SOOT single-grip harvester and a Caterpillar D5 crawler tractor were used to thin stands 
ranging in age from 25 to 59 years old. A harvester/forwarder system was not used because long logs were 
believed to provide opportunities for better value products. 

FERICs objectives were to determine the productivity and cost of the operation, and to evaluate site impacts 
including tree damage, site disturbance, and soil compaction. 

Removal level 
There was no formal silvicultural prescription or tree marking for the operation as the trial was conducted on 
private land. The harvester operator had many years thinning experience in Sweden so with some guidance from 
the company forester, he selected the trees to be cut. The treatment was thinning from below, selecting the 
largest and best crop trees to remain on site, and removing the smaller trees in between. The removal level 
ranged from 24 to 99 mVha, or 12 to 28% of the volume. This left post-treatment stands with basal areas of 
approximately 28 m̂ / ha. 

Machine productivity 
We looked at the harvester productivity in terms of the butt-diameter size of the trees cut. The smaller trees were 
faster to cut, with the harvester cutting about twice as many trees/hour in the smallest diameter class compared 
to the largest class. Productivity in mVhour, however, increased with tree size. It should be noted that in thinning 
from below you are cutting mostly the smaller trees and 90% of the trees cut were in the two smallest diameter 
classes. 

The operation's overall productivity was determined by the harvester as it was slower than the tractor. The 
tractor didn't start skidding until the harvester had been working for 3 days but it soon caught up. 

The average productivity was 6.8 mVscheduled machine hour (SMH) for the harvester and 8.1 mVSMH for the 
tractor. Overall, the crawler tractor was 18% more productive than the harvester. Because the two machines 
were working close together, the tractor spent some of its time waiting for the harvester and other times it 
appeared to slow down in order to keep pace with the harvester. Greater separation between the two phases 
would have increased the crawler's productivity, or perhaps a smaller tractor would have been a better match. 

The trails were all laid out before cutting. Most of the trails were laid out to dead-ends at the block boundaries 
so the harvester had to backtrack to start cutting its next trail. A more efficient layout would be to have the trails 
connect at both ends so the harvester could work continuously. 

Residual tree damage 
Now to touch on the forest health issues, we'll look some resuhs from the damage surveys. Overall, 9% of the 
residual trees had some damage. Damage was lowest in Block 1, the youngest block, at only 3% of the trees. 
This was because the harvester did not travel off the designated skid trails. Rather than thinning with ghost 
trails, only the trees that could be reached from the skid trails were cut. 



Site disturbance 
The blocks were surveyed for soil disturbance and it was determined that on average 31% of the cutblock area 
was disturbed. Of that, 18% of the area was disturbed by harvester ghost trails and 13% was disturbed by skid 
trails. 

In order to look at the compaction created by the soil disturbance we used a densiometer to measure the change 
in soil bulk density. It was determined that bulk density had increased by 6%) on the harvester ghost trails and 
15% on the skid trails. The US Forest Service considers a change of 15% or more to be detrimental in non-
volcanic soils. So based on that, we can say that the harvester trails did not damage the soils while the 
compaction caused by the skid trails is at the threshold of detrimental damage. This operation was conducted 
during the summer on dry soils and the trails were laid out to avoid any wet areas. 

Cost 
The cost of the operating including falling and processing, skidding, and loading ranged from $26 to $66/m̂  
with the an overall average of $46/m .̂ 

During the time this study was conducted, high log prices made this operation viable. The operation was 
conducted on private land so no stumpage was payable and all future benefits of the thinned would be realized 
by the company. These factors combined to make an attractive operation at the time. Today prices are down, 
logging costs and stumpage on crown land are high, and thinning operations are a lot less attractive. 

Volume Removed (m̂ /ha) 

Block 1 Block 2 Block 3 
25 years 3 8 years 59 years 

Pre-harvest 196 331 358 
Volume removed 24 52 99 
Post-harvest 172 279 259 

Harvester Productivity 

Butt diameter Productivity 
class (cm) (mVPMH) 
5-15 7 
15-25 15 
25-35 27 
34-45 43 



Protecting Immature White Spruce in Boreal Mixedwood Stands 
Tony Sauder, Harvesting Operations Group 

Introduction 
This presentation will briefly review the work FERIC has undertaken with respect to protecting immature white 
spruce in boreal mixedwood stands, summarize some of the information and results we have obtained to date, 
and outline the work we will be undertaking over the next few years. 

Boreal mixedwoods occupy about one third of the productive land base of the prairie provinces and northeastern 
British Columbia. Approximately one-third of the stands within this region consist of immature white spruce as 
an understorey under aspen, balsam poplar and white birch. These stands are an important source of aspen fibre 
for pulp and OSB production. If left unharvested and to natural succession, these stands would provide 
significant volumes of conifer sawlogs in 30 - 50 years. 

Harvesting and Management 
Traditional white spruce management has focussed on clearcut harvesting the mixedwood stands and 
establishing white spruce plantations to re-establish the conifer component. On mixedwood sites, this can be 
costly because a number of re-entries are required to have the white spruce reach the free-to-grow stage. 
Clearcut harvesting also means many of the understorey white spruce are harvested as sub- and marginally-
merchantable stems that would have been economically merchantable in 30 - 50 more years; these are replaced 
by trees that may not be merchantable for another 70 - 90 years. 

To address these issues, alternative boreal mixedwood management strategies have been suggested. These 
alternate silvicultural and harvesting strategies are designed to protect the white spruce understorey while 
removing the mature aspen, so the mixedwood landscape is maintained. These modified systems, if successfully 
implemented, will maintain the biodiversity of habitat for animals and songbirds, preserve the landscape 
aesthetics, and maintain the long-term deciduous - timber balance that are not addressed by the clearcut 
silvicultural system. A two-stage mixedwood harvesting and tending model provides the basis for the alternative 
strategies. The model accommodates two harvests of aspen in a 120-year cycle and takes advantage of the yield 
potential of released white spruce. Assuming a first harvest at year 60, when aspen is aged 60 and understorey 
spruce average 40 years of age (a typical Alberta scenario), the aspen and all spruce over 25 cm dbh could be 
harvested, leaving the remaining immature white spruce understorey as residuals. Following harvest, aspen and 
poplar suckers are assumed to regenerate in the available spaces. Conifers could be planted in areas found to be 
inadequately stocked to either species; both would be tended to maintain growth rates. 

During the next rotation, spruce will probably seed in under the aspen from adjacent areas of mature spruce or 
seed trees left on-site from the previous harvest, or from the maturing released white spruce; spot scarification 
could be undertaken to enhance the seed bed. At the next harvest about year 120, the area can be managed for 
either mixedwood, hardwood or conifer. 

Successful implementation of this model would: 
• reduce or avoid the costs and risks associated with establishing and growing spruce plantations on 

mixedwood cutovers 
• ensure the maximum volume of mature aspen is harvested and the rotation period for spruce sawlogs is minimized 
• maintain the boreal mixedwood system across the landscape 
• assist in solving problems where conifer and deciduous harvesting rights are held by different companies on 

the same land base, and where protection of the spruce component is a priority for the softwood user 

Several potential risks were identified when this model was first proposed: 
• uncertainty about the feasibility of adapting available harvesting technology across a range of stand age, 

density and site conditions 



• windthrow of released white spruce, particularly on moist sites as well as the risk of leader weevil in 
released spruce 

• problems associated with estimating the growth and yield of mixed-species stands of released spruce and 
new aspen suckers 

FERIC's work in mixedwood management 
FERIC's work in boreal mixedwoods began in 1988. Member companies in Alberta, the Alberta Forest Service 
and scientists at the Northern Forestry Centre (Canadian Forest Service) asked us to assist them to fmd 
harvesting methods to protect the immature white spruce in boreal mixedwood stands in Central Alberta. 
FERIC's role as a partner in the research undertaken to-date has been to provide data to validate the two-stage 
harvesting model, to initiate new or modified operating techniques that minimize the risks, and to provide sites 
for long-term monitoring of growth and health responses to the treatments. Work has been undertaken in 3 
phases and spans 11 years and installations established at five locations in three regions. 
• Phase I - undertaken in central Alberta at Drayton Valley, Hinton and Whitecourt, addressed the basic 

operational questions on equipment and techniques 
• Phase II - undertaken north of Peace River, Alberta addressed wind protection of the immature white spruce 
• Phase III - is currently being undertaken at Fort Nelson, BC and utilizes available information to apply the 

results to the landscape and monitor the changes 

Phase I: (1988 - 1990,1994,1998) Central Alberta 
• Weldwood of Canada Limited, Hinton 
• Weyerhaeuser Canada Ltd., Drayton Valley 
• Blue Ridge Lumber Ltd., Blue Ridge 
• Miliar Western Forest Products Ltd., Whitecourt 
• Alberta Environmental Protection (Headquarters and District) 
• Northern Forestry Centre, Canadian Forest Service 

This project was initiated as a result of several issues. Regulators were concerned with the loss in conifer component on 
mixedwood blocks. The industry was frustrated by the seemingly impossible task of protecting immature stems as many 
simply blew down or disappeared after a couple of years. As well, the industry wanted access to summer harvest areas 
which had high components of immature white spruce; these areas were relatively dry sites so windthrow was not 
expected to be an issue. There was a general lack of information on what equipment and systems would be most 
appropriate, and the costs associated with their use. To provide information and data to address tliese issues, a project 
was initiated to iiwestigate harvesting systems and techniques that minimize damage to immature white spruce. 

Accomplishments: 
• Investigated and tested operational techniques to reduce damage to immature white spruce when harvesting 

mature aspen 
• Compared then current practices to protect immature white spruce to special planning and operating procedures to 

assess theii- effectiveness and cost. On 3 study sites, each with a control clearcut block and 2 blocks with alternative 
prescriptions, compared the cut-to-length harvesting system to tlie tree-length system and random skid pattern to 
designated skid trails; evaluated the effectiveness of a number of different special techniques (rub stumps, delimbing 
in the bush, pre-harvest planning, on-site supervision); assessed the impacts of harvest prescriptions on harvest 
costs; and established growth and yield plots to monitor growth with re-measurement in 1994 and 1999. 

What was learned during period of report? 
Harvesting related: 
• 40 - 60% of the immature white spruce on a block can be left undamaged using feller-bunchers and grapple 

skidders working on designated felling corridors, and while up to 80% can be protected using cut-to-length 
equipment, only 20-40%) of these stems are undamaged. 

• a feller-buncher can cut a stem and place it in an opening leaving tlie immature white spmce between trails undamaged. 
• suggested the system would have good potential for working during the winter harvest season 



• changing the harvesting operation so the feller buncher and skidder travel along the same corridor 
significantly reduced the damage to immature white spruce stems 

• harvester-processor fells the stem into the stand and drags the stem through the standing trees for 
processing, breaking some white spruce leaders, pulling over spruce stems and scraping away hark on the 
spruce stems in the process 

• suggested the system would have poor potential for working during the winter when spruce stems were 
frozen and brittle 

• tree-length harvest costs increased 20 - 40% but were also influenced by tree size 
• the most effective techniques to protect immature spruce and minimize costs were: 

• confining the felling and skidding equipment to a single corridor 
• a harvesting crew that were interested in protecting the immature white spruce 
• pre-harvest planning 
• on-site supervision 
• utilizing rub stumps at corners 

• operators realized it was not possible to protect every iirunature white spruce and sufficient trees needed to be cut to 
ensure skidding can proceed efficiently without causing damage to trailside residuals; we also found that protecting 
iminature white spmce at isolated locations where a number of tums must be routed around them was a waste of time 

• post-harvest treatments must recognize the investment in costs associated with protecting the white spruce 
and avoid damaging the residual stems 

Growth and yield related: 
• aspen regeneration has filled in the openings 
• immature white spruce are growing; many stems at Drayton Valley have grown 10 cm dbh over the past 10 

years and 2 m in height 
• minor wind damage because of drier sites 
• most wind damage occurs within 2 years of harvest 
• trees showed a tremendous ability to recover; it usually took 5 years for the older trees 
• trees are healthy: less weevil presence than in a plantation because of the aspen and poplar; very little 

indication of armillaria; less than in an unlogged stand 

The Phase 1 project also identified several other issues that need to be resolved to provide incentives to protect the immature 
white spruce understorey. Mixedwood stocking and performance standards needed to be developed. Regulations and 
policy needed to be developed related to tenure and resource sharing. AAC and forest operations guidelines, especially 
those related to utilization and fire-protection zones needed to be amended. There needed to be accounting processes that 
allows the increased harvesting costs to be offset by savings in site preparation, regeneration and tendingcosts. 

Phase H: (1993 - 1994,1998) Peace River, Alberta 
• Peace River Pulp, Daishowa-Marubeni International Ltd. 
• Manning Diversified Forest Products Ltd. 
• Alberta Environmental Protection (Headquarters, Region and District) 
• Northern Forestry Centre, Canadian Forest Service 
• University of Alberta 
• WESBOGY 

At the time the project began. Peace River Pulp wanted to investigate silvicultural systems and harvesting 
techniques that could be used to reduce wind damage to immature white spruce. Leaving immature white spruce 
trees on sites in northern Alberta where the soils were moist was not successful because the residuals blew 
down. No information was available on the relationships between silvicultural systems and their ability to 
provide wind protection to residual white spruce. To provide information and data to address these issues and to 
build on the Phase 1 results, a project was initiated to investigate silvicultural and harvesting systems that 
minimize wind damage to immature white spruce. 



Description of scope or goals 
This project tests a variety of silvicultural prescriptions for reducing wind damage to immature white spruce 
while encouraging new aspen regeneration over a 20-year period. The project is monitoring two clearcut control 
blocks and nine blocks that are harvested in one-, two-, three- and four passes at 5-year intervals. It provides an 
operational scale demonstration of alternative silvicultural and harvesting prescriptions for reducing wind 
damage to immature white spruce in a boreal mixedwood landscape. Conventional tree-length harvesting 
equipment working day and night shifts during fall and winter conditions are used. Harvesting costs for each 
treatment are assessed and compared to a clearcut operation. As well, post-harvest white spruce windthrow and 
white spruce and aspen regeneration is assessed and re-measured every five years. 

Accomplishments 
The second-pass harvest for eight blocks was undertaken late last fall. The original prescriptions were modified 
on blocks where the removal of the second-pass stand would significantly increase the potential for windthrow 
of residual white spruce, and where the residuals left from the first-pass harvest may not be fully windfirm. For 
example, three 10-m buffers were incorporated into the 150-m wide strip cut and two lO-m buffers in the 100-m 
wide strip cuts. The transects located in the first-pass harvest were re-measured last year. 

What has been learned to-date? 
Harvest related: 
• By maximizing the distance between felling corridors and keeping a 6 - 8 m trail width, 60 - 70% of the 

area between trails, and not including roads and decks, can be left undisturbed by equipment and the white 
spruce growing on that area can be left uncut; when roads and decking areas are included, approximately 45 
- 55% of the block area can be left undisturbed by equipment 

• Pre-harvest trail flagging ensures felling corridors are correcdy spaced and assists the feller-buncher 
operator especially during night operations 

• On-site supervisor can monitor progress to ensure objectives are achieved, provide encouragement to crew, 
and schedule equipment to minimize delays 

• There are advantages to using large felling equipment 
• maximizes the distance between trails 
• can cut and hold a large aspen tree at full extension while cutting perpendicular to the travel direction 
• the trail width for the machine allows the dragging crowns to pass trail-side residuals during skidding 

and creates a large enough area to promote aspen regeneration 
• Harvest costs probably increase 20% and are mainly related to the felling phase 

Growth and yield related: 
• Released white spruce began to increase diameter at the butts almost immediately after harvest, however 

height growth was not apparent for 3-5 years 
• Re-entering trails to recover the mature aspen left from the first pass as wind buffers damages the aspen 

regeneration on the trail 

Wind damage: 
• The majority of wind damage occurred during the first year after harvest with some additional during the 

second year; thereafter there has been minimal windthrow 
• Tall residuals with poor form are least windfirm especially when growing on wet sites 
• Significant wind damage to white spruce residuals begins to occur 60 - 75 m beyond the wind buffer 
• The greatest wind damage has occurred as predicted on the 150 m wide 2-pass strip cuts 
• Leaving mature aspen distributed uniformly among the white spruce residuals reduced wind damage; the 

mature aspen can be left as an uncut 5 - 10 m buffer, or left scattered between the trails 

The Phase 11 project also reaffirmed the need to resolve several issues identified in Phase I and identified several 
other issues that needed to be resolved to provide incentives to protect the immature white spruce understorey. 
Stocking standards for immature white spruce and infill aspen regeneration need to be developed. Operating 



rules need to be modified so that sub- and merchantable stems can be left as wind buffers or when their removal 
would damage a significant number of immature white spruce. Accounting practices to track delivered wood 
costs need to recognize the potential savings in regeneration and investment costs when the immature white 
spruce component is protected. Management strategies that allow stand labels to change need to be developed. 
Further work to determine the minimum amount of buffering required to wind-proof immature white spruce is 
required. In addition, companies may have to sacrifice 10-20% of the aspen harvest as wind buffers. 

Status: ' . . . 
Complete a report summarizing the harvesting trials for the first and second pass harvests 

Phase III: (1998 - 2002) Fort Nelson, British Columbia 
• Polarboard Division, Slocan Forest Products Ltd. 
• BC Ministry of Forests (Region and District) (MOF) 
• BC Ministry of Environment, Lands and Parks (MOELP) 
• Forest Renewal BC 

Issues 
A 1995 analysis of cutblocks within one of Slocan Forest Product's Development Plans showed that 75% of the 
proposed harvest blocks in the operating area contain understorey levels of greater than 400 stems/ha. The BC 
Ministry of Forests proposed guidelines with respect to protection of immature white spruce that would apply to 
all stands having more than 400 stems/ha. A number of trials had been undertaken in the district to develop 
prescriptions and operating experience, however nothing was implemented operationally largely because of the 
associated increased costs. To provide information and data to address these issues, Slocan Forest Products 
proposed to undertake a four-year, operationally focussed landscape-level project that would incorporate the 
technical information developed to-date within the region with scientific information available from the Alberta 
studies. The project proposal was submitted to Forest Renewal BC for funding and approved last November. 

Description of scope or goals 
• Focus on developing and applying a variety of harvesting prescriptions to become legacies for future 

reference through collaborative research and using the principles of adaptive management 
• Incorporate the knowledge developed to date to landscape planning 
• Assess the costs associated with alternative harvesting strategies and develop an economic model to assess 

the types of stands suited to this management technique 
• Monitor effects of harvest prescriptions on stand development using estate models 
• Compare harvest prescriptions to natural dynamics of forest development in the region 
• Assess the impacts of harvest prescriptions on wildlife (marten) and songbird populations 

Accomplishments 
• Harvested two blocks at the end of the 1999 winter: one one-pass and a two-pass block 
• Monitored equipment 

• Organized a field trip for MOF, MOELP, and representatives of the local First Nations groups 

What was learned to date? 
There has been insufficient time to review harvest production data. The blocks need to be visited next fall to 
determine whether the prescriptions implemented will be successful in reducing immature white spruce wind 
damage. The two demonstration blocks harvested this spring are unique and have been viewed favorably by 
company foresters, the contractor crew, MOF and MOELP staff and First Nation's representatives. Mature 
aspen has been left as buffers that address both wind protection and wildlife habitat requirements. 
The contractor minimized the area required to deck and process stems by only developing a deck on one side of the 
access road, and decking stems parallel to the road. This meant the processors and loaders did more travelling around 
the block to access decks, and that scheduling of felling and skidding phases became challenging, especially on the 



one-pass harvest block. There is a need to address hazard trees left on the block after falling to accommodate 
Workers' Compensation Board regulations because of the high number of snags left in the buffers. 

Status 
FERIC will prepare a report summarizing the winter harvest and will continue working on an economic model 
to assess the feasibility of protecting immature spruce in various stands. As part of the technology transfer 
component related to this project, there will be opportunities for other companies in the region (e.g., Louisiana-
Pacific andCanfor) to become involved. A summer harvest block and a winter harvest are planned although no 
specific blocks have yet been identified. A field trip to Alberta will be undertaken in mid-August to late 
September to visit sites in Alberta; participants will learn about mixedwood management strategies either 
already in place or evolving, from various company representatives. A field visit to the summer harvest block 
and the two winter harvest blocks will be organized. 

Conclusions 
FERIC's work in boreal mixedwood research, undertaken in cooperation with industry, agency staff and scientists has 
shown that the unmature white spruce understorey can be protected when modifications are made to operational 
techniques. The growth and yield data to-date suggest the two-stage harvesting model is an appropriate strategy for 
managmg the boreal mixedwood stands with an immature white spruce understorey. Finally, the results indicate that 
changes in regulations and policy are required as incentives if industry is to implement the strategies suggested. 

Operational: 
FERIC's work has identified operating practices and techniques that can protect the immature stems during 
harvesting. The tree-length harvesting system can protect significant proportions of immature white spruce 
during day and night shifts provided: 
• felling is perpendicular to the deck areas and skidders only operate on the felling corridor 
• the blocks are well planned prior to equipment arrival 
• an on-site supervisor is present 
• the crew understand the results to be achieved 

The increased costs to harvest the timber when protecting immature white spruce need to be recognized. These 
costs need to be balanced with the reduced costs associated with establishing and maintaining a plantation, and 
the reduced period of investment until the next harvest. 

Growth and Yield: 
Monitoring of sites harvested 5 and 10 years ago shows: 
• the released white spruce are growing and the aspen has filled in the openings created by trails 
• wind buffers can be incorporated into the silvicultural prescription that protect the immature white spmce residuals 
• aspen regeneration has infilled stand openings 

Regulations and Policy: 
Changes in regulations and policy are also required to offset costs, provide incentives and achieve results 
• policies need to be developed that allow mixedwood areas to be managed on a landscape basis rather than 

on cutblocks 
• it must be possible to shift labels from one cutblock to another when it makes silvicultural and economic sense 
• models need to be tested and developed to ensure the overall species balance on the landscape do not change 
• stocking standards that consider released, immature white spruce trees and deciduous regeneration infilling 

openings need to be developed. 
• utilization regulations need to be adjusted to allow sub- and merchantable trees to.be left as wind buffers, or 

to be left if their removal would result in damage to immature white spruce. 
• Worker's Compensation Board regulations regarding hazard trees need to be reviewed. 

http://to.be


Forest Road Construction in Mountainous Terrain: 
Evaluating Endhauling Operations 

Doug Bennett, Harvest Engineering Group 

Issues: 
• High road costs 
• Cost allowances in tlie stumpage appraisal system • • -
• Excessive use of "full bench/100% endhaul" prescription 
• Impact of site occupancy guidelines on spoil site selection 
• Transfer of information about alternative construction techniques 

Project Objectives: 
• To document the productivity and cost of endhauling in a range of material types 
• To describe construction techniques that can reduce costs for steep-slope operations 

FERIC's case study approach documents: 
• Road construction methods 
• Productivity and costs 
• Models for the trucking cycle 
• Other observations 

Summary: 
• Consider endhauling as an integral part of the operation - not a distinct phase of construction 
• Identify all potential spoil sites at the recci stage 
• Use appropriate crew and equipment complements 
• Coordinate activities to minimize standby and idle time 
• Consider alternative construction techniques to reduce endhaul volumes 

Unit volume excavated (m^/lineal-m) 
Productivity 

Study No. 1 Study NO. I Study No. 1 Study No. 2 

lineal-m/h 0.8 0.7 Engineering estimates 20.5 29.7 

bank-m^/h 18.8 31.4 Actual volume excavated 25.2 46.1 

Unit costs ($/lineal-m) Unit costs ($/bank-m') 

Study No. 1 Study No. 2 Study No. 1 Study NO. 2 

Excavator 202.15 263.25 Excavator 8.26 5.71 
Trucking 124.34 68.78 Trucking 5.08 1.49 
Drilling & blasting 104.05 102.08 Drilling & blasting 4.25 2.21 
Explosives & accessories 37.55 28.30 Explosives & accessories 1.53 0.61 
Other 10.84 14.82 Other 0.44 0.32 
Total 478.93 477.24 Total 19.57 10.35 



Development of Forest Road Design Specifications 
for Optimized Tire Pressure Traffic 

Allan Bradley, Transportation and Maintenance Group 

CTI systems were invented in WWII but have only been applied to commercial transport trucks in the last 15 
years or so., FERIC has been a leader in introducing and implementing the technology in Canada. Once they 
became aware of the potential of CTI, Canadian forest companies rapidly adopted the technology - there are 
now over 200 CTIS operating mostly in six fleets in western Canada. These companies have been able to 
capitalize on some of the benefits of having a more mobile truck fleet, including building roads to lower standards, 
eliminating assist vehicles, and extending the haul into traditional shut-down periods. FERIC's members asked us to 
review road construction designs in light of their changed service requirements in order to ensure they could 
maximize their benefits. As part of this evaluation we wanted to quantify the effect of using optimized tire pressures 
on these roads, and also have a look at the influence of seasoning and compacting on green road performance. 
We've focussed on access roads because truck speeds on them are slow enough to utilize significantly lower tire 
pressures and because there is enough money invested in them to warrant design changes. 

This project has two phases. The fu-st involved comparing the performance of a number of green access road designs 
through the initial break-m period. We wanted to see whether their performance was improved by compacting the road 
during constmction or by trafficking with optimized tire pressures. The second phase will involve trafficking these same 
road designs after they have been seasoned ratlter than compacted. This will let us see how seasoning improves their 
performance. Both the green test road and the road that was seasoned overwinter were constructed last summer. We 
trafficked the green road, with its compacted and uncompacted sections, last fall. The seasoned road will be trafficked 
this summer. The data from tlie green road test is largely processed and it is this that I will be focussing on today. 

I will briefly review the methods we used, show you the road designs we evaluated the cost of building them, describe 
the trucks used to traffic these sections and the effect of optimising their tire pressures. Finally we'll look at road 
maintenance results and rate tlie performance of the road designs. 

Project Co-operator 
Our project co-operator was Alberta Pacific Forest Industries (Al-Pac) who was extremely helpful in selecting 
appropriate test sites and facilitating the road construction and trafficking stages. The test roads are located near 
Coiiklin, AB - on the east side Al-Pac's FMA, about 1.5 hours south of Fort MacMurray. 

Project Objective 
The key objective was to optimize access road designs for CTI-equipped trucks. We achieved this objective 
through the completion of a series of subtasks. 

Project Subtasks 
1. We quantified the costs of construction and maintenance of each road design by doing detailed timing 

during the construction and the break-in periods of the test. In Al-Pac's experience with local roads, they 
knew that if a test section could hold up for the first 250 trucks, the "break-in period", then it would 
probably survive in the long term. When 1 refer to the "break-in period" I mean that first part of a road's life 
when it was in its weakest condition. 

2. To determine the effectiveness of compaction, we compared rutting rates and maintenance costs between 
compacted and uncompacted sections. 

3. Evaluate the rutting performance of each road design by analysing the rut depths we measured during 
trafficking. We hope to use this rut data to verify a USES rutting model so that we can then use that model 
to extend the findings to FERIC members with different operating conditions, 

4. We quantified the influence of tire pressure on road performance in two ways. First we compared grading 
maintenance between similar road sections that were trafficked with high or with optimised tire pressures. 
The second procedure involved comparing the rutting rates for these same sections. Before we could 
compare the rutting, however, we first had to statistically eliminate the influence of varying soil density. 



5. Finally, for the last subtask, we evaluated the access road designs by rating test section cost and 
performance over the break-in period (keeping in mind influences of such things as soil type, weather, 
traffic volume and tire pressures). 

Layout of the Green Test Road 
The green test road included 10 test sections - two replications of five different designs: 0.5 m Lift, 0.5 m Lift 
(Compacted), Standard V-Ditch, Standard V-Ditch (Compacted), and Lift Over Rootmat. The test road was 
arranged as a parallel route beside a secondary access road so that traffic could be directed onto or around our 
test road. The loaded trucks entered the test road with high tire pressures. After passing over the first group of 
five test sections, the trucks were stopped at a check point where they were checked their tires deflated, and then 
they proceeded over the next five sections. It took the trucks less than five minutes, on average, to deflate and 
get on their way. The trucks were loaded in blocks within a kilometre of the beginning of our test road—̂ this 
was done to minimise the road damage caused by running at the high tire pressures. In addition to damaging the 
road, when the trucks used high tire pressures some of them required assistance on hills coming off these blocks. 

Typical As-built V-Ditch Prism 
The V-Ditch (Figure 1) is the most common type of access road that Al-Pac builds and derives its name from the 
V-shaped ditches it gets when built with a bulldozer. This type of road is usually not compacted. Based on 
detailed timing data, the average cost to construct both V-Ditch sections was about $1240/km, excluding things 
like equipment low bedding, cross drains, and signs. The average construction cost for the two Compacted V-
Ditch sections was $1320/ km or about 6% more. 

Typical As-built Lift Prism 
The second construction design we evaluated was a 0.5 m Lift (Figure 2), commonly used in wet sites where the 
roadway needs to be raised up above the water table. This type of road is also usually not compacted. Based on our 
detailed timing data the average construction cost for the two Lift sections was about $3200/km. Surprisingly this 
was actually slightly higher than the average cost of the compacted Lift sections. This was due to productivity 
differences in the way the sections were built. I'll elaborate on these productivity differences in just a minute. 

Typical As-built Lift-Over-Rootmat Prism 
The Lift-over-rootmat (Figure 3) is an innovation from the Ontario clay-belt. Roots provide reinforcement to the 
lift material, especially under wet conditions. It is important that stumps are cut low- tall stumps can end up 
poking through to the road surface. To build these road sections, the bulldozer had to clear the rootmat from the 
ditchline first. Then the excavator ditched, piling material on the rootmat until the stumps were well covered. 
Note that the average amount of lift is 0.52 m or about the same as for the Lift test sections. There were only 
two of these sections built - one for high tire pressures and one for optimized tire pressures. At an average 
construction cost of $4200/km these two sections were the most expensive to build. 

Road Construction Equipment on Green Road 
We noticed an amazing variation in the construction cost of the test sections—sometimes by up to 50% for the 
same road type. Productivity varied strongly with which machines were used and how they interacted. For example, 
a D7 bulldozer working together with an EX 270 excavator built V-Ditch road over twice as fast as the bulldozer did 
by itself Tlie Lift sections were constructed with both machines but, in one case, they worked together and, in the 
other, they worked independendy. When together the two machines had significantly higher productivity than when 
they worked independently. When working together the excavator ditched and bailed material onto the subgrade 
while the bulldozer alternately spread this material on the road and grubbed more subgrade. When the bulldozer ran 
out of grubbing and spreading work it went to work ditching on the opposite side of the road from the excavator. The 
two machines working together were also faster at installing cross drains. When the machines worked independently 
there were fewer opportunities for them to assist each other. The operator claimed that the wrist-mounted shaping 
blade attachment improved the excavator's dexterity and allowed it to construct ditches faster with smoother, more 
stable back slopes. The local soils are highly erodible so this is a real advantage. 



The Hamm compactor is a standard type used for highway construction. It has a tamping foot vibratory roller 
that is considered effective to an 8" depth over most soil conditions. Following a recommendation of Hyster - a 
manufacturer of road compaction equipment— we had the compactor make eight passes over the entire running 
surface of the "compacted" test sections. Eight is the maximum number of passes recommended for difficult-to-
compact fine-grained soils. 

The eight-axle logger B-train is the standard truck and trailer configuration of the Al-Pac fleet. The average 
gross weight of the test trucks was a highway legal 601, with an average payload of 40.6 ti All of the trucks are 
required to have functional CTI systems. In 1997, Al-Pac relaxed its requirement for CTI to be on the steering 
tires. However, almost 40% of the trucks we saw had decided to keep CTI on their steers. The high tire 
pressures used by the loaded trucks varied but were generally in the neighbourhood of 95 psi for all tires. We 
required the loaded trucks to deflate to around 50 psi in the drive and trailer tires for the test. It's not important 
to remember the tire pressures themselves since they vary with operating conditions—just remember that we 
optimized the tire pressures according to the tire manufacturer's recommendations. 

Equivalency Factors of the Test Road Traffic 
The damage potential of a typical loaded Al-Pac B-Train changes as we change its tire pressures from normal, 
highway levels to some optimized point for access roads (Figure 4). Theoretically there will be 68% lower road 
stresses caused by this truck when we drop its tire pressures. This corresponds to a 7.5 ESAL reduction. ESALs 
are a concept developed by road design engineers that allows one to quantify the road damage potential of any 
size and type of vehicle in terms of a standard unit - the ESAL. Working in ESALs allows the design of roads 
for any type of vehicle or combination of traffic. It also allows us to predict the influence on road life if we 
change some traffic parameter such as volume, axle loading or tire pressure. Reducing a truck's ESALs will 
undoubtedly reduce road rutting. To estiinate by how much, the USES developed the STP rutting model. I will 
be using STP to predict rutting rates for the test sections and then comparing these predictions with the actual 
rutting data we collected. If the STP model checks out for the test road, it may be possible to model the 
performance of the road designs over longer periods, and for different road or truck conditions. 

Influence of Tire Pressure on Grading Maintenance Costs through Green Road Break-In 
Our results found that the improvement from optimizing tire pressures varied considerably with road design. In Table 1 
comparing inaintenance costs over the break-in period, $91/km was saved on grading the Lift sections as a result of 
optimizing tire pressures while $379/kin was saved on grading the Compacted Lift sections. The four V-Ditch sections 
showed no maintenance savings because they all survived the break-in test period without grading. However, there was 
noticeable degradation of the V-Ditch sections by the end of the trial and we probably would have had to grade if the 
trial had been much longer. Both Lift-Over-Rootmat sections had to be graded five tunes. During the trial they were 
always graded at the same time. Although the high-pressure section rutted a bit faster, the rtittmg was similar enough 
that grading was always delayed until botli sections were ready. It is in these types of situations where an analysis of 
rutting rate will help us identify the smaller differences that simply looking at grading costs does not. 

Graph of Effectiveness of Compacting Lift Sections 
In Figure 5 illustrating the effectiveness of compacting our Lift sections, the vertical axis is the cumulative cost 
of compacting the road plus grading it for the break-in period. I included only the cost of compacting since the 
other construction costs would be the same for all of the sections. Take a look at the two high-pressure sections—̂ the 
top two lines. The cost of compacting was about $125/km and the break-even point between these two occurred at 
about 40 truck passes. From that point onwards compacting reduced the overall costs. The optimized pressure 
sections showed a similar trend with a break-even point occurring at about 60 passes. After 60 truck passes 
compacting reduced the overall road cost. We conclude that compacting green Lift roads is likely very cost effective 
and would also probably help keep the road negotiable under adverse weather conditions since compacting seals the 
surface better. This graph also shows another important result. If we compare the cost between the Lift sections that 
were trafficked with either high or optimized tire pressures you can see that the optimized-pressure section cost $300 
less per kilometre by the end of break-in period. This represents a saving of about 41%) due to the use of CTI. The 
Compacted Lift sections showed an even a bigger improvement. There the optimized-pressure section cost $380 



less per kilometre—representing a saving due to CTI of about 75%. As you can see optimizing tire pressures 
can also be very effective in reducing the cost of road maintenance. 

Rating of Optimized Tire Pressure Road Sections' Performance during the Initial Break-In Period 
Table 2 shows a column of total road costs for the break-in period. These total costs are the sum of a 
construction cost for each type of road design plus the grading maintenance we observed in the trial. The 
construction costs were normalized by design type—̂ that is, they were set equal to the least expensive 
construction cost measured for that road type. Beside the total costs are the average'rut depths at the end of the 
break-in period. I included the rut depths to illustrate the condition of the road and the likelihood of 
maintenance in the near future. The final column on the right is my rating of the five sections' performance, 
given the relatively dry weather and soil conditions during the trial. 

The V-Ditch section perfonned well, and had the lowest overall cost, so I rated it the "Besf. There appeared to be no 
need to compact the V-Ditch road so the compacted V-Ditch section was rated as "Over-Builf. The 0.5 m Lift was 
overbuilt for these well-drained soil conditions, however, that 0.5 m of loose material presented a rutting problem and 
would have greatly benefited from being compacted. I rated the 0.5 m Lift as "Under-built" in order to indicate that it 
needed to be compacted. The Lift-Over-Rootmat was considered "Under-builf for the same reason - for the test 
conditions, it appears it may have benefited from compacting but I'm not sure of this because we didn't actually do it. 

Now, one of the criticisms of this trial was that road buih in areas with such well-drained soil conditions would 
not normally have lift. My response is that: " we located the test sections together in order to hold constant 
things like weather, soils, and traffic while we varied compacting and tire pressures." 1 would expect the 
grading maintenance to change dramatically in wetter operating conditions, say if the road was built through an 
area with a high water table. In that case, we might even have to start including the cost of vehicle assists. 

Conclusions 
Section construction costs varied by up to 50% depending on the combination of construction equipment 
building the road and how these machines interacted. Having the bulldozer and excavator work together 
consistently produced the lowest road construction costs. 

Compaction was effective at reducing grading maintenance costs on the Lift sections during the road's initial 
break-in period. The compactor paid for itself within the first 40 to 60 passes. Compaction was not effective at 
reducing grading maintenance costs on the V-Ditch sections during the road's initial break-in period. 

Optimizing tire pressures theoretically reduces the damage potential of the loaded test trucks by 2/3. The 
reduction in damage potential is most noticeable on softer road surfaces. An example of this was the reductions 
in rutting and required grading for the Lift sections trafficked with optimized tire pressures. Optimizing tire 
pressures reduced grading maintenance by 40-to-75%) for these Lift sections. 

Rating the performance of the road designs based on grading and construction costs found that the V-Ditch 
section was the most appropriate road design in the test conditions. Had the road been located through areas 
with weaker or wetter soils, or had trafficking occurred during wetter periods of the year, then we might expect 
that surface compaction would have had a more significant impact, that optimizing tire pressure would have 
made a bigger difference, and much more maintenance might have been required for the V-Ditch sections. 

A fiill analysis of the rutting data has yet to completed and when this is done I should be able to predict the longer-
term perfonnance of these road designs and their performance outside of this test case's conditions. This was the first 
of two phases to look at access road designs. We will be trafficking the seasoned test road this July or August. 

Note that rutting reductions in green roads will translate into lower grading and maintenance costs. Tomorrow, 
when Rob Jokai is discussing the results of our implementation study of CTI-related truck costs just remember 
these offsetting savings for roads possible because of CTI. 



Figure 1. Typical V-Ditch Prism 
Average construction cost: Uncompacted — $1242/icm; Compacted — $1322/kni 

7 m running surface 

Avg ditch 
7 j % c r o m . 

Figure 2. Typical 0.5-m Lift Prism 
Average construcdon cost: Uncompacted — $3201/km; Compacted — $2996/km 
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Figure 3. Typical Lift-Over-Rootmat Prism 
Average construcdon cost: Uncompacted — $4197/km 

Avg ditch 
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Figure 4. Influence of Tire Pressure on Predicted Road Damage by Loaded Al-Pac Truck 
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Figure 5. Cost of Compaction and Grading Maintenance 
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Table 1. Influence of Tire Pressure on Section Performance During Break-In Period 

Maintenance cost ($/km) Savings from 
Road design HP OP CTI use ($/km) 

V-ditch 0 0 0 
Compacted V-ditch 0 0 0 
0.5-mlift 487 396 91 
Compacted 0.5-m lift 379 0 379 

Table 2. Total Costs for Optimized Pressure Test Sections Over the Break-in Period 

Road design Total cost ($/km) 
Rut depth after 250 

passes (cm) Rating 

V-ditch 694 6.9 best 

Compacted V-ditch 819 6.8 overbuilt 

0.5-m lift 1942 graded 2X underbuilt 

Compacted 0.5-m lift 1671 12.2 overbuilt 

Lift-over-rootmat 4599 graded 5X underbuilt 

*Total cost = normalized construction cost and maintenance. 



Rehabilitation of Temporary Roads, Landings and Trails 
Brad Sutherland and Clayton Gillies, Harvest Engineering Group 

INTRODUCTION 

The forest industry in western Canada has been involved in practices to reduce the impact of harvesting 
activities on.soils for several years now. For structures such as temporary haul roads, skid trails and.landings, 
operational techniques have been implemented to reduce soil disturbance and to rehabilitate disturbed soils. 
Reduced soil porosity from compaction and loss of organic matter are two important areas of concern. 
Rehabilitation practices are evolving and research is ongoing to defme the biological impacts of harvesting 
practices on soil processes and what rehabilitative treatments are effective. FERIC's role is to assist industry 
with the identification and implementation of cost-effective operational techniques to reduce soil disturbance 
and prevent losses in soil productivity. At the same time FERIC will seek to work with other agencies such as 
Universities, provincial ministries, and the Alberta Research Council to keep abreast of current research results 
pertaining to soil conservation. This could include involvement in cooperative studies that could lead to 
improved practice. 

FERIC's activities initially will undertake short-term studies of current soil conserving and rehabilitative 
practices across western Canada. We will describe 3 studies completed in Saskatchewan and Alberta and 2 in 
British Columbia. 

REHABILITATION OF TEMPORARY ROADS AND LANDINGS IN SASKATCHEWAN AND ALBERTA 

Background 
Site degradation guidelines are not legislated in Alberta and Saskatchewan however companies are interested in 
preventing loss of productive land in the form of temporary harvest roads and landings. Site degradation in the 
form or organic matter removal on all sites and soil compaction on sites with fme textured soils are the focus. 
The reduction of sprouting and vigor of aspen on disturbed sites is one of the concerns. 

Objectives 
The short-term goal is to report on alternative methods for temporary road and landing deactivation operations, 
documenting productivities and costs as a first step. The longer term goal is to assist industry to identify 
appropriate methods of road and landing rehab and to refine operational techniques. 

Progress 
In 1998, we met with industry representatives from Weyerhaeuser Canada, Mistik Management and Weldwood 
Canada in Alberta and Saskatchewan to discuss road and landing deactivation techniques, issues and concerns. 
We explored opportunities for field visits to document techniques and productivity's of current deactivation 
activities. During the fall of 1998 we had the opportunity to sample operations conducting ripping and rollback 
on spur roads and landings on cutblocks with two companies in Saskatchewan and one in Alberta. 

Case Study 1: Weyerhaeuser Canada, Big River, SK 

Background 
Trembling aspen is harvested full tree on the silty clay soils in this area. The sites are normally left for natural 
regeneration of aspen but on roads and landings, high soil compaction results in poor aspen regeneration so the 
areas are deactivated and planted to spruce. Rehabilitation involves ripping with a crawler tractor, using a 
modified ripper tooth to 50-cm deep at 2-m spacing, followed by blading the adjacent berms of organic material 
back onto the soil surface. The company also experimented with a 200-series excavator with a winged ripper 
tooth, followed by berm retrieval with a site preparation rake with thumb. 



Results 

Productivity of Rehabilitation Operations, Big River, SK 
Caterpillar D7H Crawler tractor Hitachi EX 200 Excavator 

(mVPMH) (m /̂PMH) 
Rip . , 6018 , 2805 
Retrieve 1948 3017 
Combined 1742 1453 
Depth of retrieved material (cm) 44 20 

• overall productivity between two implements was similar. 
• for ripping, crawler was faster. 
• for retrieval, excavator was faster. 
• less berm material was retrieved by the excavator. 
• quantitative measures of the depth and degree of decompaction, and amount of organic material returned to 

the site will need to be more clearly defined. 
A Field Note on this trial will be completed this spring. 

Case Study #2: Mistik Management, Meadow Lake, SK 

Background: 
Mixedwood harvest on a fire origin block. Species harvested were predominantly trembling aspen, jack pine, 
and white spruce with minor black spruce. Soils varied from well-drained sandier sites to a moist and mottled 
silty clay site. The cutblock is 42 ha (gross) with 1.4 ha in temporary roads and roadside landings. There were 
no culverts requiring removal and no cross ditches were prepared during the deactivation. The site will be 
planted with white spruce and jack pine, and natural trembling aspen regeneration is expected. 

Technique: 
The technique here was to rip the roads using a single ripping tooth attached to a Cat D7G, followed by topsoil 
and woody debris retrieval with a Samsung SE 210 Walking Excavator equipped with a standard cleanup bucket 
and live thumb. The ripping tooth on the Cat D7G was modified with a half moon plate and wing tips attached. 
The Cat ripped the road in a series of 4 passes, before the excavator started retrieving material. The Cat ripped 
and finished a short spur road at the back of the block first, so that the excavator could begin retrieving material 
along that section. In this case the Cat also made a couple of passes to blade the ripped road. 

The excavator started at the back of a ripped road or spur and worked itself out of the cutblock. The excavator 
retrieved soil and woody material from the berms on either side of the road, and spread it on the ripped surface. 
The operator had to engage the excavator's stabilizers after every move because the wheeled excavator was less 
stable than a tracked machine would be. There was no access trail left behind or constructed through the 
rehabilitated road; the ripped road was completely covered with retrieved material. 

Results: 
The overall productivity for the Caterpillar D7G was 1854 mVPMH (0.185 ha/PMH). In terms of road length, 
productivity was 184 lineal-m/PMH (width = 10.1m). Productive machine hours (PMH) do not include delays, 
lunch, or other non-productive events, but it does include the 4 passes for ripping the road, as well as 2-3 passes 
for blading the material. Ripping depth approximately 50 cm. Distance between rips was approx. 1 in. 

The overall productivity for the Samsung 210 walking excavator was 1321 m"/PMH (0.132 ha/PMH), or 131 
lineal-m/PMH. Average depth of soil and woody material retrieved was 42 cm, ranging from 3 cm to 116 cm. 



Machine Productivities During Road Reclamation: Mistik Management, Meadow Lake, Saskatchewan 

Treated road Productivity Treated area Productivity 
length (m) (lineal-m/PMH) (m^/PMH) 

Caterpillar D7 — ripping 
1 987 184 19 991 1 854 

Samsung SE210 — 1 938 131 19 599 1 321 
retrieving 

Case Study #3: Weyerhaeuser Canada Ltd., Drayton Valley, AB 

Background: 
This case study was conducted over a larger area, encompassing 6 road networks accessing 17 cutblocks. The 
cutblocks were harvested during 1997, predominantly jack pine, white spruce and trembling aspen. The soils 
differed between areas, but were predominantly well drained sandy sites, with some silty clay loam sites as well. 
All the cutblocks were planted to white spruce and jack pine, with natural trembling aspen regeneration 
expected. 

Technique: 
The road was ripped using a V-Plow attached to a Cat D8, followed by topsoil and woody debris retrieval using 
a Komatsu PC250 LC excavator equipped with a chuck blade and live thumb. The Cat ripped the road in a series 
of 2 passes before the excavator started with the retrieval. The Cat walked to the furthest junction on the road 
network before starting to rip with the V-Plow. This was done so the road access to the machine was not 
blocked in case of a breakdown. 

In order to make a break in the furrow when ripping on a steep grade, the Cat would raise the V-Plow for a short 
distance. This kept water from flowing for long distances down the trench Different soil conditions were present 
throughout the treated area, and the result was somewhat different for each. However, the V-Plow was able to 
plow through all the materials without any difficulty. 

The Komatsu PC250 excavator was equipped with a live thumb and a chuck blade which has the ability to tilt at 
a 45° angle. The excavator started at the end of a road network and worked itself out. It retrieved topsoil and woody 
material from the roadside berms as well as the end turnaround loops and spread the material over the ripped road 
surface. There was no access trail left behind or constructed through the rehabilitated road, so the ripped road was 
completely covered with retrieved material. Ephemeral drainage sites were also prepared using the excavator. This 
included excavating down to the natural flow depth, and removing any logs present. Also a few water diversion 
berms were built across the rehabilitated road along steeper gradients. 

Results: 
The overall productivity for the Caterpillar D8K ripping the road was 6 962 mVPMH (0.696 ha/PMH), 1178 
lineal-m/PMH (width = 5.9 m). These productivities are.for 2 ripping passes on all the roads measured. 
Productive machine hours in this case did not include the positioning or walking time to the starting point within 
the road network. Ripping depth ranged between 50 and 70 cm. 

The overall productivity for the excavator was 12()9 m /̂PMH (0.121 ha/PMH), or alternatively productivity was 
204 lineal-m/PMH. This rate was for retrieving material, but also included preparing 11 ephemeral drainages 
and a few water diversion berms. The average depth of retrieved material was 41 cm, ranging from 1 to 118 cm. 

Project Status: 
The project is on-going, and a series of Field Notes will be published describing the different techniques and 
productivities at each study site visited. Additional casestudies will be done in 1999 as opportunities arise. 
Future work is needed to address degree of decompaction and amount of organic material needed to meet 
management objectives. 



Machine Productivities During Road Reclamation: Weyerhaeuser Canada, Drayton Valley, Alberta 

Treated road length 
(m) 

Productivity 
(lineal-m/PMH) 

Treated area Productivity 
(m /̂PMH) 

Caterpillar D8 12 053 1 178 71 243 6 962 
ripping 
Komatsu,PC250 4918 204 ... 29 147 1 209 
retrieving 

SKID ROAD CONSTRUCTION AND REHABILITATION IN BRITISH COLUMBIA 

Background 
In an effort promote soil conservation and prevent site productivity losses the forest industry has been actively 
involved in the rehabilitation of temporary haul roads, skid trails and landings for some time. 
To assist member organizations in this area FERIC has become involved in reviewing-existing.rehabilitation 
techniques and evaluating promising alternatives. 

Rehabilitation of Roads and Landings, Prince George Forest Region, BC 
In 1995/96 FERIC was involved in a study of rehabilitation of roads and landings on fme textured soils on the 
Aleza Lake Research Forest utilizing an excavator and 6-toothed rake and the Tilth winged subsoiler. A 
Technical Note was published on this study. 

Operational Feasibility and Cost of Rehabilitating Landings, Cariboo Forest Region, BC 

Background 
In 1997 FERIC became involved in a study of alternative methods to decompact heavily compacted landings on 
medium textured soils in the Cariboo Forest Region near Williams Lake. The operating techniques and 
productivity of 5 implements were documented during the 1997 operating season. The techniques were: 
• Tilth winged subsoiler (dolly mounted) 
• ripping with crawler tractor (2 shanks) 
• tilling with six tooth silvicultural rake on excavator (Case 9020) 
• tilling with high speed mixing head mounted on a Bobcat loader 
• disc trenching with a Donaren 180 D 

Results 
Productivity was affected by differences in machine configuration, operating pattern and, for crawler tractor -
towed implements, the shape and area of landingstreated. Comparisons between implementsrnust take all 
variables into account. Refinement of techniques will be possible once the desired products of deactivation are 
more clearly understood and quantified. A Technical Note reviewing the treatments, productivities and 
operating costs of the 5 implements is in the draft stage and will be completed this spring. 

Landing Decompaction Treatment and Productivity: Cariboo Forest Region, BC 

Treatment 
6-tooth rake/excavator 
Rotomixer & rake/loader 
Tilth subsoiler/crawler 
Ripper teeth/crawler 
Disc trencher/skidder 

Depth (cm) Productivity (m /̂PMH) 
Coarse mix, patch or broadcast 30 

Fine mix, patch, strip or broadcast 16-20 
Shattered soil profile, furrow 30-60 
Shattered soil profile, furrow 30-60 

Coarse mix, furrow 30 

400-1100 
500-1000 

2600 
1400 
1500 



Skid-trail building and deactivation with small excavators, Crestbrook Forest Industries, Cranbrook, BC 

Background 
Initiated in 1998, the objectives of the study are to document the productivities and costs and examine the 
advantages and disadvantages of using small hydraulic excavators to build and reclaim skid trails on moderate to 
steep slopes. Crestbrook has been using small excavators to build and deactivate skid trails and landings for 
several years now. The company is interested in factors that affect productivity. Due to Crestbrook's experience 
with using srriall ex:cavators FERIC felt that the techniques and productivities would be of interest to other 
members operating in similar conditions. Productivity and trail profile data were collected for approximately 8 
km of trail in 1998 which included several different excavators, operators and operating conditions for both trail 
building and deactivation. 

Results 
• For trail deactivation, the strongest indicators of machine productivity are cutbank height and slope. 
• For trail building, these relationships are not as clearly defined; stand density and tree size, when push 

falling, are important factors affecting productivity. 
• The strong relationships between trail gradient and productivity are weak for both trail building and 

deactivation. 
• In addition to cutbank height, slope and trail gradient, a variety of factors that affect productivity have been 

recorded and will be summarized. 

Prior to completing a technical note on this study, additional information will be collected in 1999 to obtain data 
from a broader cross-section of Crestbrook's operating areas and to sample other excavators and conditions (e.g. 
winter operations). 

Productivity of Trail Deactivation by Slope 
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Productivity of Trail Deactivation by Cutbank Height 
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Note: the above graphs show productivity in lineal metres of trail per PMH. 

CONCLUDING REMARKS 

Within rehabilitation and soil conservation activities in western Canada, many issues of a biological and 
technical nature remain unanswered with respect to deactivation standards and practices. FERIC will continue to 
monitor developments and to perform practical studies where appropriate. 

FERIC has several projects to summarize and report on to date and in 1999 we will continue to report on 
examples of skid trail and landing rehabilitation in western Canada as opportunities arise. 



Salvaging and Processing Burned Timber 
Peter Dyson, Harvesting Operations Group 

The bumed wood project was initiated following extensive forest fires in Alberta and British Columbia in the 
spring and summer of 1998. Funding has been provided by Alberta Environmental Protection. After some 
preliminary research, FERIC identified two main issues: 
1. Producing charcoal free chips from burned timber 
2. Salvaging the burned timber before it degrades 
The first issue is important as charcoal in the chip furnish lowers pulp quality and pulp mill managers are 
reluctant to accept chips from burned timber. The second issue is important as timber degrades if left on the 
stump, through insect attack, stem drying and windthrow. 
To address the first issue, FERIC documented changes in wood handling that occurred in the woodlands and at 
the mill and monitored the chips produced from burned timber to determine charcoal and moisture contents. 

Strategies adopted by companies to produce charcoal-free chips 
Woodlands: 
• Removed sections of the log where the wood fibre had bumed, mainly defects such as catfaces, scars, and 

rotten knots. 
• Sorted logs based on the extent and severity of the bum. 
• Changed utilization standards by increasing the minimum top diameter for logs. 

Mill: 
• Upgraded debarkers primarily by installing double ring-debarkers. 
• Changed the configuration of debarking tips. 
• Installed a system where, after debarking, logs which still had unacceptable levels of charcoal could be 

routed through the debarker again. 
• Reduced the infeed speed on the debarkers. 
• To control charcoal dust, sprayed logs with water (not during the winter), and installed vacuum system and 
baffles around debarkers. 

Charcoal content Moisture content 
(%) (%) 

Fall 0.27 38 

Winter 1.23 40 

These figures are averages, done at one point in time, and for the winter, results are based on a small number of samples. 

Strategies companies adopted to salvage the timber before it degrades 
• Grapple yarding. Initiated in the Virginia Hills as method for salvaging burned timber in areas that were 

otherwise classified inoperable ( because of environmental concerns) using ground based skidding. 
• Portable sawmilling. Allows an increase in processing capacity without having to undertake an expansion of 

permanent milling facilities. 
• In-woods chipping. Provides a feasible method for processing small diameter pulp stems. 
• Alternative processing arrangements. Allows burned timber to be transported (i.e. via rail) to other mills for 

processing. 
Future Work on Burned Timber 
FERIC in conjunction with PAPRICAN and the Alberta Research Council will be starting a project this year 
examining the chipping, pulping, and pulp properties of fire damaged timber. Controlled burns will be 
conducted at four different sites in northern Alberta. Over two years trees will be periodically harvested, chipped 
and then pulped. 



Logyard Residues Separation, Utilization and Disposal 
Patrick Forrester, Harvesting Operations Group 

Introduction 
A FERIC Field Note issued in 1993 identified 14 FERIC reports on the separation, utilization and disposal of 
logyard residues published since 1977. Since then about 7 more have been published and 4 are in the write-up 
phase. This presentation will touch on 4 studies and two field visits. 

MacMillan Bloedel Limited, Port Alberni 
In the spring and summer of 1995 MacMillan Bloedel Limited brought in a combination separation/wood 
reduction system to process log sortyard residue to obtain hogfuel for the pulp mill. The residues were hauled in 
from various locations around Port Alberni to an old landfill site locally known as Block 105. The raw residues 
were sorted using an excavator to remove the larger pieces with the remainder being fed into an 830 
Powerscreen trommel which removed the fines less than 35 mm. 

Based on the analysis of the pre-separation stratification data, these fines represented about 38% of the residues 
by weight and were removed in two 4.6-m stages having 22 mm and 35 mm mesh screen. The over 35-mm 
material exited the screen to a manual picking belt where rock and tramp metal were removed. The latter was 
identified by a metal detector. Rock represented approximately 2% by weight of the material processed. The 
remaining 60% including wood, bark and branches was conveyed to a Peterson Pacific HC 4400 Portable 
Hammer hog for reduction to less than 15 cm. The pre-sorted larger pieces of wood were hogged separately. 

Hog fuel analysis conducted by MacMillan Bloedel Research found moisture contents averaged 52-66%, ash 
contents 1.9-2.67% and mineral contents of 0.84-1.06%. Values obtained from sampling sawmill-derived hog 
fuel were 51, 0.80 and 0.08%, respectively. 

From the shift-level data gathered on the various equipment configurations employed during this study a 
through-put of 119 mVSMH was calculated at a cost of $6.92/m^ This study has been written up and published 
in TN-249. An edited video is also available. 

The accumulation of less than 35 mm fines were mixed with fish farm moralities and processing offal in a 3:1 
rado and composted on Block 105 by West Isle Resources. The mature compost was screened to 16 mm minus 
and sold in bulk for $20/yd̂ . An edited video is available. 

Tolko Industries Ltd., Lavington 
The summer of 1996 saw us move the logyard residue stratification sandbox to Tolko's Lavington Planermill 
Operation to sample five residue types from its unpaved yard. We worked with sorted dirty material collected in 
the spring and clean sorted material accumulated during the winter when the logyard surface was frozen. The 
sorted material had potentially chippable pieces removed prior to stockpiling. The other residue types included 
clean and dirty unsorted material and Deal Processor tailings. The company's plan was to reclaim rock for 
logyard maintenance and wood/bark which could be burned in its Olivine burner. This would divert some of the 
residues from landfilling. 

A Powerscreen 830 trommel equipped with two sets of screens first separated out the > 16 mm fines, then 
ejected material > 76 mm. The 16-76 mm mixed wood/bark and rock were then conveyed to a General 
Kinematics single-knife pneumatic destoner. Samples of this material were analyzed prior to separation and the 
results showed a fines carry over from the trommel of 9-23% by weight. This material was again carried over 
with the separated wood/bark to represent 17-32% of the final separated product. The fines screen at the 
destoner infeed was clogged by the high moisture fines, allowing the material to pass over the baffle plate with 
the wood/bark. Wood was observed in the separated rock but not quantified. Productivity when separating the 
unsorted residues was 60 mVSMH and cost $6.93/m'' to process. The results of this study will be published in 
the next couple of months. An edited video is also available. 



Schematic of the System at Lavington 

Weyerhaeuser Inc., Longview, Washington 
During the summer of 1998 FERIC had the opportunity to observe a working prototype of Wittco Separation 
Systems Inc.'s Hydro-Isolator, a water separation system, at Weyerhaeuser's Green Mountain M i l l near Toutle 
W A . Wittco's old system consisted of a trommel screen to remove fines, with the overs being dumped into a 
water tank; the tank was equipped with a paddle wheel skimmer which moved the floatable wood/bark to drag 
chains while the rock sank and was removed by another set of chains. Not a bad idea except the very wet 
wood/bark encountered in the Pacific Northwest tends to sink as readily as rock. Over the years the 
manufacturer has worked on this problem and has developed a new system. 

The new system was moved to Longview Washington in the fall and FERIC obtained clearance from 
Weyerhaeuser and Wittco to conduct a study. The portable system consists of a C E C vibrating deck screen 
which removes the 8 mm minus fines and over 20 cm material with that in between being conveyed to a 3-stage 
trommel mounted transversely atop the 3-chamber water separator. Progressively the residues are screened into 
each chamber for separation. Adjustable water jets push the wood and bark to outfeed drag chains while the 
rock falls to the bottom onto conveyors and then out of the separator. Water with suspended organics is pumped 
into a longitudinally mounted revolving water filter fitted with 0.8 mm square mesh screen. One front-end 
loader charges the system and stockpiles the separated materials. A schemtitic of the system is below. 

Detailed analysis of the separated material has not been completed. The throughput was about 44 m ' V S M H at a 
cost of $6.62/m\ Ongoing modifications to the Hydro-Isolator should increase the systems producdvity by 
reducing the maintenance time and reduce the 2488 L/hr water consumption. The study results should be 
available later this year. A n edited video is also available. 

Estimated purchase prices of the two major components are: C E C - $215 000 
Hydro-Isolator = $448 000 
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Schematic for System at Longview 

MacMillan Bloedel Limited, Duncan 

During the winter of 1996/97 FERIC monitored two trials conducted by M a c M i l l a n Bloedel Limited and D C T 
Chambers Trucking Ltd. , to determine i f mixing wood residue in the form of log-ends with pulp grade logs 
affected chipping productivity or quality. In the first trial 4 batches of pulp logs and 4 batches of pulp logs 
mixed with log ends were ran alternately through the chipping system. L o g ends represented 20% of the volume 
in the mixed batches. In the second trial one batch of each type was ran with the mixed material having 25% by 
volume of log-ends. Chip samples were collected at the junction of the conveyor out from the disc screen and 
the radial stacking conveyor. 

Productivity in the first trial averaged 90 t / S M H and 89.7 t / S M H for the mixed and unmixed runs, respectively. 
Costs were $10.86 and $10.90/green tonne. The second trial followed the same trend with slightly lower 
productivity and moderately higher costs. There was little difference in chip quality between runs or trials. Bark 
content was less than 1 % throughout. The results suggested that more log-ends could be added to the regular 
runs of pulp logs without sacrificing productivity or chip quality. The study has been published as TN-270. 

A schematic of the system is presented below. 
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Schematic of the System at Duncan 

Video - Railcar burner, Jones Construction Ltd., Agassiz, B.C. 
• Converted ballast wagon, 19 mm plate added inside 
• Ventdation fan from ships hold 
• 52 kW Diesel w/4 speed transmission run in 3"^ gear 
• Cost of Railcar + Conversion = $20 000 
• Once fire gets going fan can be shut off & convection air will be pulled in through dumping grates in bottom 

of burner 
• Holds = 75 m̂  & will bum it in about 11/2 hours - wet and dirty in = 3hours 
• To remove ash tip railcar & scoop out with an excavator. 
• About 1/3 the smoke of an open pile bum. 
• Published Field Note FN General-65. 

Video - STI Sand Machine, Northwest Organic Products, Arlington Washington 
• 30 year old landfill 
o Grizzly screen 30 cm 
• Trommel <16 mm - topsoil 
• Deckscreen 16-19 mm-fill 
• Sand bed heated - optimum 190°F 
• Very good separation 
• Clean rock 
Separated wood has a thin coating of fine sand 



FERIC Debris Management Template 
Alex Sinclair, Vice-President, Western Region 

This study certainly indicates that various debris management techniques are being used successfully at 
MacMillan Bloedel's sortyards. Selection criteria for debris management systems could be based on the 
following hierarchical process or structure. 

Burn if the sortyard is remote from populated areas. Tlie two choices are an open b)urn or a contained burn. 
An open bum may be assisted by some form of blower and piped air system. In FERIC's experience, an assisted 
open bum, e.g., a pipe burner, will speed up the burning of large woody debris such as logs but does not 
eliminate smoke. An air assisted burn is necessary when the burn period must be minimized or when burning 
sortyard debris which is more difficult to burn then just logs and chunks. Sortyard debris can be burned in a 
reasonable period without air assist, but the burn pile has to be carefully built and quite large. Open bums may 
be dme constrained because of consideradons to the employees at the work site, or because of visual 
considerations, but confining burning to weekend periods or certain dmes of the year may alleviate concerns. 
Examples of successful open-burn yards are Ferguson Bay and Eve River. A contained bum, as in pit burner, 
can achieve higher burning rates and less smoke because some of the heat of combustion is redirected back at 
the fire. However, underfire air is needed in pit burners when burning sortyard debris in order to achieve high 
burning rates and low emissions. The contained burner, as at Kelsey Bay, does not seem to cause concern, even 
though it is in close proximity to the community of Sayward and adjacent to a cruise ship route. Although an 
expensive alternative, it could be considered elsewhere for burning large amounts of debris. 

Burning scenarios require a bum permit and subsequent disposal permit to landfill the ash. 

Landfill where burning is not permitted. This option puts all or a pordon of the debris into a landfill. 
Obviously, if a product can be extracted from the debris, then the amount of debris that must go to the landfill 
and the cost of landfilling will be reduced. 

MB and MOELP have clear guidelines on site selection, constraction, operation and maintenance of landfills. 
There is a process to follow in obtaining a permit to operate a landfill. Landfills are subject to inspection and 
monitoring, and remediation work may be needed if deficiencies are found as a result. Landfills have to be 
managed just as any other phase of logging. 

In any landfill situation, if possible, woody material should be selectively removed from the debris. This can be 
a revenue source, the wood can be given away as a local good-will gesture, or if in remote locations it can be 
burned. As well as reducing landfill costs, removing the larger woody material makes it easier to compact the 
debris which increases efficiency of landfill use and minimizes the chance of fire in the landfill. 

The opportunity to produce a by-product that will generate revenue such as shake blocks or pulp chips is 
limited. If there is a whole-log chipping facility for pulp logs at the sortyard or close to it, it is sensible to 
examine the economics of sorting large, chunky wood debris from the sortyard debris and directing it to the 
chipper. 

All MB yards that landfill their debris, selectively removed woody material from it before landfiUing. Once 
removed, the woody material was burned, used as shake material, supplied to firewood cutters, or chipped. 

Total Conversion / Move Elsewhere. This option will apply when burning or landfilling cannot happen. 
Conversion with proven, cost-effective technology currently available means hogging. Moving elsewhere means 
either the sortyard is closed or the debris is tmcked elsewhere for subsequent handling and disposal, as at 
Menzies Bay. 



Total conversion is an expensive process. The equipment is expensive and the volumes to process are reladvely 
low. This is why some MB sortyards accumulate large amounts of debris and then have a contractor process the 
material on a continuous basis for one or two weeks. The equipment must be of the size and horsepower to 
process heavy, heterogeneous material that is not easy to collect, manipulate, sort, or process. The hog fuel must 
be transported to a user facility such as a boiler or commercial composting facility. Transportation costs are 
relatively high and are strongly influenced by the hog fuel's weight and by the distance to the user. Further, total 
conversion may not eliminate all the sortyard debris. If the debris is overly dirty or wet, it will have to be 
screened to remove the sand,, grit and small rocks if it is'going to be used as hogfuel. The material.rejected by 
the screens can be over 30 percent by weight of the total volume and has to be disposed of, possibly in a landfill. 



• 

Allowable Truck Weights 
Dick Webb, Transportation and Maintenance Group 

The origin of the issue 
In late 1997, the new Workers' Compensation Board of B.C. Occupational Health and Safety Regulation was 
distributed. This updated and expanded Industrial Health and Safety Regulation was to become effective April 
15, 1998.with a one-year phase-in period. It included a new section, 26.67 (6), dealing with loaded log truck 
weights, that reads as follows: "A logging truck must not be'operated with a gross corriSined vehicle'weight or 
gross axle weight in excess of the manufacturer's specifications, unless the modificadons and a new gross 
combined vehicle weight or gross axle weight rating are certified by a professional engineer." 

The wording is somewhat confusing in the reference to modifications. I believe the intention was to say — 
"unless the vehicle has been modified and the modifications and a new gross combined vehicle weight or gross 
axle weight rating are certified by a professional engineer". This regulation was aimed at off-highway haulers, 
since the B.C. Motor Vehicle Act already included a similar regulation covering on-highway vehicles. 

In Alberta an existing regulation under its OH&S Act. Section 34 (1) (c) reads : "An employer shall ensure that 
the manufacturer's rated capacity or other limitations on the operation of the machinery or any part of it, as set 
out in the manufacturer's specification or in any relevant specifications certified by a professional engineer, are 
not exceeded." 

The growing concern amongst AFPA members led to a Log Truck Task Force being struck in 1997 to deal with 
the vehicle weights issue. In early 1998, the local media in the Peace River area gave play to some safety 
concerns raised by truck drivers, and that drew the attention of the provincial OH&S regulators to the issue of 
log truck weights exceeding manufacturers' specifications, not only in off-highway applications but also under 
the winter weights program for on-highway hauling. OH&S felt obligated to uphold its reguladon, but agreed to 
enter into discussions with the Log Truck Task Force together with Alberta Transportation and Utilities. 

Industry's initial reaction to the proposed axle weight limitations focussed on the apparent forced reduction in 
productivity of existing vehicle configurations and the resulting increase in the cost of wood delivered to the 
mills. In order to evaluate the magnitude of the problem, Weyerhaeuser Canada asked FERIC to conduct a 
survey of vehicles hauling to its Grande Cache and Grande Prairie mills. 

FERIC Involvement 
In February of last year we surveyed a sample of about twelve vehicles at each of the two Weyerhaeuser mills. 
Each group had a variety of vehicle configurations represented. We weighed the vehicles axle-by-axle to 
determine the actual weights being carried, and then inspected them to try to determine the manufacturers' 
GAWRs. Our experience identified a major problem for vehicle inspectorsrinbeing unable, in many cases, to 
obtain all of the necessary information in the field to arrive at GAW ratings. Here is an example of the 
summarized data for one particular 5-axle vehicle. 

5-axIe tandem drive/tandem pole trailer comparative data 
Average Scale Load (kg) GAWR (kg) 

Steer axle 5507 5833 
Tandem dnve group 23228 17237 
Tandem trailer group 26090 20412 

Limiting component 
LR 'G' tires 11x24.5 
38,000 lb. tandem axle 
(2500 lb. brakes & axle 

GCVW 54825 43482 
Tare weight 19470 19470 
Payload 35355 24012 

Note scale loads at drive and trailer groups exceed manufacturers' GAWRs. 
Payload reduction to comply with manufacturer's GAWR's — 11343 kg 



A report to Weyerhaeuser summarized the data and indicated the negative impact on payload that would result 
for the different vehicle configurations if the enforcement of the Alberta OH&S regulation proceeded. 

As another example, we examined a 6-axle tridem drive/tandem pole trailer in Hinton later in the summer. We 
didn't review all of the manufacturers' component ratings on this vehicle, but were particularly interested in the 
prototype Chalmers tridem suspension which was rated at 70,000 lbs. or 31 750 kg. Compare this to the scale 
load recorded'at the'drive axle group of 36 550 kg (a difference of 4800 kg) and.perhaps you will understand 
why engineers lose their hair. 

Reflecting on the data obtained in the vehicle surveys, we identified several options that might be appropriate in 
different situations for responding to the proposed load hmitations. 

• For some operators of existing equipment, the only option may be to reduce payloads 
• For some, it may be possible to redistribute the payload to optimize axle loading within GAWR Hmitations 
• In our survey we observed some vehicles that were overloaded on the drives due to butts forward loading, 

while being underloaded on the trailer axles. In such a case it may be possibleto mix butts and tops to 
achieve a better load distribution. 

• However, the best option is a combination of optimized load distribution plus adding more axles under the 
load, e.g., changing from a 5-axle tandem truck/tandem pole trailer configuration to a 7-axle tridem 
truck/tridem pole trailer. 

Comparison of maximum payload potential - 5-axle vs 7-axle truck/pole trailer 
5-axle (kg) 7-axle (kg) 

Steer axle GAWR 5 833 7 294 
Drive group GAWR 17 237 30 390 
Trailer group GAWR 20 412 34 020 

GCVW 43 482 71 704 
Tare weight 19 470 23 500 
Payload 24 012 48 204 

Note the potential payload improvement based on upgrading the vehicle specs = 24 192 kg 
Or comparing the 7-axle payload to the average actual loading of 35 355 kg for the 5-axle vehicle previously 
illustrated — the potential payload improvement = 12 849 kg 

1 say potential payload improvement because it assumes that you could distribute the load to take advantage of 
the full GAWR of all axles 

After meeting with an engineer from the WCB of BC in February of last year, we published a Field Note 
(Loading & Trucking-56) to bring to the attention of our members the impending load restrictions, and some of 
our findings to that point in time relating to optional responses. More recentiy, we have released two more Field 
Notes (Loading & Trucking-62 and 63) intended to increase operators' understanding of the GVWR of semi
trailers and jeeps. Some people were mistakenly interpreting the GVWR as the maximum payload that they 
could load on a semi-trailer. This was a side issue that came out of some of the discussion surrounding the 
vehicle manufacturers' certified ratings. 

As indicated earlier, another outgrowth of the vehicle survey was an attempt to arouse the interest of the drive 
axle and trailer brake manufacturers in our industry's need for components with greater approved load caiTying 
capability. We focussed on the tridem drive axle and the 16 V̂ "x7" cam brake for trailer axles whose ratings 
frequently were the limiting factor in the GAWR determination. It is very hard to get these large, world-
oriented manufacturers to react to the needs of a relatively small market such as is represented here. 
Nevertheless we will continue to press them on the issue. 



Industry/Government Consultation Groups 
In BC, we initially met with a group of representatives of Interior operators on the eve of our last Truckers' 
Seminar in Jasper. Since then we have provided further input to this group and have made presentations to the 
Tmck Loggers Association on Vancouver Island as well as to the WCB-chaired Industry/Labor committee 
studying Regulation 26.67 (6). 

In Alberta,-we-have met several times with the Log Truck Task Force of the AFPA,. providing insightdnto 
vehicle dynamic capabilities, manufacturers' ratings and preferred vehicle configurations based on our Western 
Log Truck Configurations study. 

In both provinces, industry has been able to impress upon the regulators the seriousness of the economic impact 
that enforcement of the regulations would have at this time. As a result, in BC, the WCB has agreed to extend 
the phase-in period for their Regulation to December 31,1999 to permit further study of the issue. Meanwhile in 
Alberta, discussions have recently concluded between the AFPA and the Ministries of Labour and 
Transportation and Utilities; the outcome of these discussions will be the submission byithe bureaucrats of a 
report and recommendations to the two ministers on how to deal with the situation without compromising the 
safety of workers. 

There is another issue that I feel obligated to bring up that I'm not sure everyone understands or has even 
acknowledged. This is the legal implication of knowingly exceeding the manufacturers' load ratings. In the 
event of litigation following a catastrophic component failure, where does the burden of legal liability fall? We 
have heard comments to the effect that regulators might consider permitting GAWs or individual component 
loadings, to exceed manufacturers' ratings by a fixed percentage; in fact, we understand that this practice is 
already in effect in Saskatchewan. It is doubtful — and I'd like to emphasize this — - It is doubtful, in my 
opinion, that any vehicle or major component manufacturer would accept, or could be forced to accept, the 
liability resulting from a failure attributable to a user consciously and repeatedly exceeding the manufacturer's 
approved load rating. 

Summary 
In summary, we saw the introduction, in early 1998, of regulations or proposals to limit the loading of log trucks 
both in BC and Alberta. 

Industry reacted quickly to these proposals and groups were formed to discuss and debate the appropriate 
response to the regulators. 

FERIC became involved when asked to survey a group of typical vehicles. From this activity we were able to 
identify certain strategies for optimizing vehicle payload while adhering to GAWR limitations. We published 
three Field Notes to inform the membership of important aspects of our research and participated on 
industry/government committees in both provinces. 

This issue is not settled yet, so FERIC will continue to monitor developments, provide appropriate input when 
requested and continue to press the component manufacturers to recognize the market potential that exists in 
western Canada for products with higher capacity ratings. 

And finally, I leave you with the question as to where the burden of legal liability falls after failure of a 
component as a result of consciously loading beyond the manufacturer's approved rating. 



Ownership and Operating Costs of CTI Systems 
on Log Trucks Operating in Western Canada 

Rob Jokai, Transportation and Maintenance Group 

Introduction 
Central tire inflation systems (CTIS) are no longer at the experimental phase; the benefits of reduced tire 
pressures'are well docuiheihted and the-technology is being adopted as an operational tool ."However; there is 
litde information available on the operating and ownership costs of these systems. FERIC members identified 
the need for this information when considering implementing CTI technology. 

FERIC has been studying the cost of owning and operating CTI systems on log trucks for the past 3 years. The 
goal of this project is to provide this information to member companies and their contractors. 

The Trucks and Systems Studied 
The co-operators participating include: 
• Riverside Forest Products in Kelowna, 
• Weyerhaeuser in Okanagan Falls 
• Crestbrook Forest Industries in Cranbrook 
• Tolko Industries in Quesnel 
• Weyerhaeuser in Grande Prairie 
• Alberta Pacific Forest Industries in Boyle 

The trucks at Weyerhaeuser in Okanagan Falls have CTIS on the drives and trailer, they do not have it on the 
steer axle while the trucks in Cranbrook, Kelowna, Quesnel and Alberta have CTIS on all axles. 

The geographical distribution of co-operators have provided a diversity of operating conditions and member 
exposure to the project. There are currently 25 trucks in the study, ranging from tractor pole trailers to B-trains. 
Due to gaps in the data, I am unable to use the data from 3 trucks in my presentation today. These trucks will be 
included in the future. The 22 trucks I am presenting have operated over 180 000 combined hours with CTIS. 

Sixteen of these trucks are equipped with Redline-Eltek CTIS. This system is known for the external air lines to 
the drive tires. It is an after market retro fit that can be easily transferred from tmck to truck. The remaining six 
trucks are equipped with the Eaton CTIS. Unlike the Redline-Eltek system, the Eaton system uses an internal 
air seal in the drive axle to feed air to the drive tires. This system is installed by the OEM at the factory, and it is 
not easily transferred from tractor to tractor. 

CTI Operating Costs 
Cooperators were given data forms to complete for each maintenance or repair that was related to CTI operation. 
Upon receiving these forms, we would verify them with invoices or, through discussion with the cooperator, and 
then enter each incident into our database for analysis. Repair summaries were reviewed by the co-operators to 
ensure accuracy. Currently there are over 1100 work-orders or repair events entered in this database. 

The information from the repair summaries were divided into the following categories: 
• CTI system repairs: This includes the costs of any maintenance or repairs done to the CTI system, such as 

replacing a rotary union or wheel hose 
• Air system repairs: This includes costs of repairs done to the air dryer, compressor or air delivery system in 

general. Tmcks with or without CTI will have air system maintenance costs. The addition of CTI will 
increase these costs but by how much is unknown. 

• Other repairs related to CTI system use: Some co-operators lost tires and rims from debris in the axle tube 
which plugged the wheel hoses and prevented air from entering the tires. This category includes these costs. 



While downtime is a cost to the contractor, these costs are not included in the data presented. Although items 
such as fuel consumption, tire wear, and recapability may be influenced by CTI use, they were not documented 
in this study. Risk and profit are not included in any of the cost estimates presented. 

Both non-warranty and warranty repairs have been recorded but these costs are different in nature and so will be 
reported separately. Warranty repairs will be reported as number of incidents rather than an hourly cost. 

Air system warranty repairs for the 30 cubic feet per minute (CFM) air systems were averaged for 16 trucks. 
The remaining six trucks had the smaller capacity air systems and were past their warranty period, so they are 
not included here. The average number of incidents experienced for air compressor repairs was 1.4 while the 
twin air dryers experienced 1.6. 

Some co-operators experienced a short life span with the large compressors; in one case the compressor only 
lasted just 2 months. When the compressors started to fail, they would pass oil onto the air dryers, which would 
become contaminated, and the dryers would then pass this contamination into the air system. This has led to CTI 
problems, particularly with the Eaton system, as it is very sensitive to contamination. 

Plumbing changes have increased compressor life and the replacement of the twin dryers with dual CR Turbo 
2000 dryers with purge tanks have helped resolve dryer problems. 

Both CTI systems encountered warranty repairs. The tmcks with Redline-Eltek systems had 2.1 incidents per 
tmck while those with Eaton systems had 8.2 incidents per truck. The first truck to have an Eaton CTI system 
installed at the factory participated in the study. This truck and others experienced developmental problems. As 
well, the service facilities had very little experience with these systems. Overall, the Redline-Eltek system had 
fewer warranty repairs and a better established service network, probably because it had been in the market 
longer. The estimated value of warranty repairs for the Redline-Eltek system is much less than for the Eaton 
system. 
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• CTI direct costs ranged from $0.54 to $ 1.04 per hour. 
• Indirect costs ranged from $0.08 to $0.38 per hour. 
• Air system repair costs ranged from $0.14 to $0.38 per hour. The trucks with the lowest air system 

maintenance costs used the smaller capacity air compressor, having an output from 13 to 15 CFM. All the 
others used the 30 CFM air systems. 

• The overall operating costs ranged from $0.96 to $1.67 per hour. 



CTI Ownership Costs 
The purchase prices and salvage values used here are based on today's estimated costs. The purchase price less 
the salvage value was financed over the life of 1 tractor, working 12 000 hours. There is a range of ownership 
costs depending on the annual operating hours. 

Using the 2-zone system as an example: 
If the truck works 1800 hours per year, the cost is $2.02/hour. 
If it works'3600'hours per year then the cost is $1.25/hour. • •> • ^ •-
If the truck works 2600 hours per year the cost is $1.64/hour. 

CTI System Ownership Costs 
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The includes the cost of increasing the capacity of the air system to 30 CFM is included for the 3 channel 
systems. 

The slope of the lines above are different for the Redline-Eltek and the Eaton systems. The Redlline Eltek 
system is an after-market system and can be easily removed from the truck, increasing the salvage value of the 
system compared to the Eaton system. Some co-operators have removed the system prior to truck trade in and 
installed it onto their new truck. The Eaton system is more difficult to remove and has very little salvage value 
at truck trade-in. None of our co-operators have transferred an Eaton system onto new trucks. 

The combined CTIS operating and ownership costs for both systems are presented in the following bar graph 
and show the range of ownership costs for two levels of annual use. The bottom portion of the graph, black, 
illustrates the CTI system repair costs. The middle segment is minimum ownership costs if the trucks worked 
3600 hours per year; these costs range from $1.25 to $2.33. The area on top is the range of CTIS ownership 
costs, if the truck worked only 1800 hours per year. I will use the 2-channel system as an example. If the truck 
works 3600 hours per year, ownership cost would be $2.21 per hour; if it worked only 1800 hours per year, the 
cost would be $2.98 per hour. The mid-point, 2600 hours per year, would result in a combined operating and 
ownership cost of $2.60 per hour. 
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Truck Utilization 

Reduced tire pressures have demonstrated the ability to reduce road rutting and damage when compared to high 
pressure dres. This can potendally lead to a shorter spring break-up period if CTI-equipped trucks are used 
during soft road condidons. Increasing the annual operating hours would allow the contractor to leverage the 
fixed truck ownership costs over more operating hours. 

The following figure shows the relationship between annual operating hours and net fixed tinick ownership costs 
for a 6-axle Tractor - Jeep - Pole Trailer configuration without CTIS. 

Using a FERIC costing model, the purchase price of the tractor and trailer less the salvage value, was financed 
over the tractor life of 12 000 hours, and trailer life of 24 000 hours. The net fixed ownership costs range from 
$11.98/hour if the truck worked 3600 hours per year to $19.21/hr if it worked 1800 hours per year. In the 
interior of BC, we estimate that trucks work about 2000 hours per year. By increasing tmck utilization from 
2000 to 2600, or by 30%, a savings of $2.69/hr can be seen which can pay for the ownership and operating cost 
of $2.60 for a 2-channel CTI system. 



Truck/Trailer Utilization vs. Ownership Costs 

Depending on CTI system type and the degree of increased utilization, the savings in fixed truck ownership 
costs can offset the cost of owning and operating a CTI system. 

• When this project started, both systems were new to the marketplace and there were a few developmental 
problems that required attention. 

• Manufacturers continue to make changes to improve the systems, and resolve the problems of the early 
systems. 

• Preventative maintenance and driver training are key factors for reducing downtime and maintenance costs 
of CTI systems. 

• If significant increases in haul season can be achieved, this can offset or pay for the costs of owning and 
operating a CTI equipped truck. 



The Economics of Operating a Satellite Log Storage Yard 
Dick Webb, Transportation and Maintenance Group 

The project was initiated in 1995 by Daishowa-Marubeni International's (DMI) Peace River Pulp Division. At 
the time, they were concerned about the lack of space in the mill yard to store an adequate supply of wood to 
support anticipated future pulp mill production increases. There were also concerns about the availability of 
additionalhighway trucks and the inefficiencies caused bycongestion and unloading delays due to=the number 
of vehicles accessing the mill yard during the winter. It was anticipated that this congestion would become even 
worse if it became necessary to further increase the volume of wood brought into the yard. 

In addition to DMI, the other co-operators in the project were Manning Diversified Forest Products Ltd. 
(MDFP), Homestead Holdings Ltd. (a hauling contractor) and Alberta Transportation and Utilities, with partial 
funding provided by Alberta Economic Development - Forest Products Development Branch. 

In describing the scope of the study, we have to start with the working relationship established,between DMI 
and MDFP whereby the two companies co-operated in the harvesting of certain cutblocks west of the latter's 
mill at Manning, Alberta. During the winter harvesting and hauling season, the logs ..were sorted by species at 
the roadside before being hauled on a private road system to the MDFP mill yard where an unused section of the 
log storage area was leased to DMI for a nominal sum and designated as their satellite storage yard. The 
incoming spruce/pine loads were directed to MDFP's storage decks while the aspen/poplar loads went to the 
DMI section of the yard and were off-loaded by a Homestead Holdings butt'n'top loader contracted to DMI. 
During the summer months. Homestead reloaded the aspen/poplar logs onto long log B-trains and hauled them 
approximately 95 km on the public highways to the DMI mill at Peace River. These B-trains operated under 
special permit from Alberta Transportation and Utilities to allow for evaluation of performance characteristics 
unique to the compensating king-pin design. FERIC is conducting this evaluation under another project. 

FERIC undertook to do a case study of the DMI operation focussing on the direct economics, but as well, 
identifying other ancillary costs and benefits. One of the additional costs anticipated was increased log breakage 
due to double handling in the satellite yard. 

In order to get a complete picture, we looked at the entire log supply system for the mill over a one-year period 
commencing November 1, 1995. The study was based on an annual mill requirement for 1.25 million m̂  of 
round wood. Incremental costs of moving the wood through the different segments of the haul from the bush to 
the mill were calculated, first without and then with a satellite storage yard. This permitted the calculation of a 
total annual wood handling cost for the two scenarios. An evaluation of log breakage in the satellite yard was 
made and compared to breakage observed in bundles retrieved from mill storage. 

The resulting costs and benefits analysis can be summarized as shown below. 

Dealing first with the additional costs, it was no surprise that the introduction of the satellite yard resulted in a 
net cost increase. 

Our study of breakage that occurred in the satellite yard did not indicate a significant difference as compared to 
that resulting during retrieval from mill storage. Although some breakage occurred both during unloading and 
reloading, there was very little actual loss of wood. The loader operator did a thorough job of picking up the 
majority of useable short pieces and placing them in the center of the B-train loads, leaving very littie debris in 
his wake. This method of loading the B-trains ensured that short pieces were not lost in transit or dropped 
during unloading by the stackers at the mill. 

We compared the number of pieces in three length categories for each of three different groups of bundles as the 
logs crossed the mill infeed deck. The three groups represented bundles delivered from the satellite yard, 
bundles retrieved from mill storage, and bundles delivered to the mill in winter. We also categorized the debris 



Additional Costs 

• The total annual wood handling cost was found to 
be $0.39/m^ or 2.9% greater with the introduction 
of the satellite yard. These figures would actually 
have been considerably greater if the mill had had 
to bear the full cost of establishing and operating 
the satellite yard instead of being charged just a 
nominal sum. 

• It should also be noted here, that the volume of 
wood stored in the satellite yard in this study was 
only 5% of the total annual mill requirement. 
However, any increase in the usage of the satellite 
yard would come at the expense of an increased 
cost penalty. 

Benefits 

• The use of off-highway 5-axle vehicles, with their 
17% greater payload capacity compared to similar 
highway-legal vehicles, hauling on private roads 
to a satellite yard reduces traffic volume on bush 

• roads7 It also reduces the numberof loads that 
would otherwise have to be delivered to the mill 
yard in winter, and the resultant queuing. 

• The ability to deliver wood to the mill from a 
satellite yard in summer means that total log 
inventory could be increased without having to 
look for additional highway trucks to support the 
winter haul. 

• Loads delivered to the mill in summer can be 
unloaded directly to the woodroom infeed deck. 
In addition, the delivery of these loads means that 
fewer loads have to be stored in winter and then 
retrieved in summer. The result of this 
arrangement is a saving on stacker costs at the mill 
yard in both summer and winter. 

• The introduction of a summer log haul provides 
continuity of employment for drivers and 
mechanics, and greater equipment utilizadon for 
owners. 

• The use of long-log B-trains for the summer haul 
provides a payload advantage over other 
configuradons and therefore reduces the number 
of trips required to move the inventory from the 
satellite yard. This means fewer log trucks on the 
highway during the peak tourist season. 

• And one that the accountants may appreciate is the 
lower unit value of inventory in a satellite yard 
which may free up capital for use in other mill 
project. 

collected from below the landings where the stackers placed the bundles. It was only after we had completed 
these studies that we discovered that pieces broken from bundles being retrieved from the far end of the mill 
yard were actually being picked up by a very efficient front end loader operator and taken away to a remote 
waste pile. As a result, our tally of pieces broken from bundles retrieved from mill storage was lower than what 
actually occurred. Had we accounted for these pieces, it is possible that the breakage in the mill yard may have 
actually exceeded that originating in the satellite yard. 

A final conclusion as to whether the use of a satellite storage yard makes sense involves a weighing of several 
competing considerations, overall log handling costs being a key factor, but perhaps not the deciding one. It 
should also be noted that the significance of log breakage in the case of a pulp mill operation is not as great a 
factor as it would be for a sawmill operation. 

As part of the process of analyzing the data collected, we produced a spreadsheet program to facilitate the 
manipulation of the figures. This program could be used by FERIC to assist other members with similar 
analyses if requested. 



Summary 
• The case study addressed the particular situation faced by DMI at its Peace River Pulp Division by looking 

at the entire log supply system for the mill, certain cost savings were identified that partially offset the 
additional costs associated with introducing a satellite log storage yard, but in the final analysis the data 
showed a net cost increase. 

• Observadon of log breakage did not provide conclusive evidence as to whether the double handling in the 
satellite yard caused any more breakage than did the storage and retrieval operations inthemill yard. 

• Several other factors were identified that might bear consideration when evaluating the potential use of a 
satellite log storage yard. 

• A spreadsheet program that was developed in the study could be used by FERIC to assist members who may 
wish to engage in a similar analysis using their own data. 



Update of Tridem Drive Studies 
Eric Amlin, Transportation and Maintenance Group 

Seamus Parker, Engineering Design Group 

Our presentation is essentially a status report on the group of projects currently underway with respect to the 
tridem drive research program. We have 5 different configurations under study at various stages of progress 
involving the regulating agencies in all three of the .western-most.proyinces. Historically, we have been most 
active in Alberta, but now we are increasingly acdve in BC and there is some ongoing interest from 
Saskatchewan. 

Pole Trailer 
• The initial thrust of our research was to study the tridem drive in combination with pole trailers. We have a 

good number of years invested in developing evaluation methods to meet government criteria for on-
highway approvals. This was the learning curve. Subsequent efforts to evaluate the tridem drive within other 
configurations are requiring less time. 

• Manufacturers - Eaton Axles and Chalmers Suspensions. Since the initial approvals have been realized, axle 
and suspension manufacturers have begun to offer more products for tridem drives into the market place. 

• Government regulation: Because these projects ultimately deal with new configurations being added to the 
general population, it is important to be sure that, in terms of dynamic stability, they perform in reasonably 
safe manner. All of our efforts are underway to obtain government approval for on-highway operation. This 
work is essential if industry is to operationally realize the traction and mobility benefits that tridem drive 
technology has to offer. 

• Technical evaluation for regulatory approval: These are first and foremost vehicle dynamic studies that are 
concerned with evaluating truck stability and handling. Predominantly we use computer simulation for. these 
evaluations and it is sometimes necessary to compliment this with full-scale testing. In terms of the tridem 
drive studies this testing usually focuses on steerability. 

• Report: Our in-house ability to undertake this type of analysis is in large part due to the Western Log Truck 
Configurations Study and the computer simulation tools that were developed within that project. 

• Jurisdictions: Provinces have their own individual regulations. In the Western Division the 3 provinces 
have implemented tridems to various degrees. Although most of our work has been done in Alberta, results 
are transferable to other jurisdictions. 

From our initial research with the pole trailer configuration we learned a number of important things. 
• From the vehicle dynamic perspective, tridems are generally more stable than tandem drive trucks but the 

tridems can be more sensitive in terms of steering responsiveness. 
• The tractor parameters such as wheel base, steering axle and drive group loads, :and the distance between 

axles within the drive group all have a primary influence on any trucks steerabilty and this is especially the 
case with tridem drive equipped vehicles. 

• Trailer parameters are less influential on steerability, however they are important enough for us to study. 

Pole Trailer 
The trailer parameters that have been found to be of influence are hitch location, distance from drive axles to 
trailer axles, the distance between axles within the trailer group, and of course the load on the trailer axle group. 
Significant differences in influence are evident between compensating-reach trailer types and semi-trailers with 
the former being somewhat more helpful to the overall steerability. 

Tridem Drive B-Train 
• The B-train application was the next configuration type we began to evaluate after the pole trailer was 

completed. We did a preliminary assessment through modelling before the truck was built, and this told us 
that the truck was essentially configured correctly for acceptable performance. A test program was 
developed by FERIC and submitted to AT&U which, upon approval, issued a permit. 



• This work is very near completion and our findings confirm the issue of trailer influences mentioned a few 
moments ago. More stable than same configuration with tandem drive tractors. The operational experience 
has been good. The report is drafted and will go to AT&U shordy with a copy to ICBC. 

Quadaxle Trailers 
• Vanderwell Contractors, Slave Lake, pioneered use of tri-drive with pole trailers. 
• 3-4 years ago the company moved to cut-to-length harvesting systems 
• Needed'a short log'configuration with same traction benefits-'• ' ' . . . 
• Settled on tridem truck/quadaxle full trailer 
• Quadaxles are used in Alberta frequently with tandem drive - 2 bundles on trailer 
• Initial simulations showed significant improvements. Optimized truck/trailer parameters using simulation 

before truck/trailers were set up. 
• Operational experience - improved traction, good steering performance requires more steering axle load 

than a pole trailer, less than B-train due to position of pintle hook. 
• Inherent problems with full trailers - lack of roll coupHng 
• Track and trailer cannot assist each other and can roll independent of each other. Performance in an evasive 

maneuver was not as good as B-train. 
• However, simulations showed an improvement when quadaxle trailer was coupled with tridem track rather 

than a tandem track. 
• Wrapping up project this year. Report this year - recommending their use, with higher steering minimum 

steering axle load and dynamic performance enhancing features (longer drawbar, reduced hitch offset). 

Triaxle Trailers 
• BC Industry interested in tri-drive with triaxle trailer 
• Convertible between long and short logs - many triaxles already in existence, ability to stow trailer on track 

when empty. 
• In short-log mode also lacks roll coupling. Optimized parameters: minimize hitch offset, maximize drawbar 

length and trailer wheelbase 
• Conducting dynamic analysis for ICBC with the goal of industry wide approval similar to pole trailers 
• In long-log mode performs very well in all aspects. Optimized tri-drive big improvement over existing 

tandem units 
• Analysis showed an improvement in static rollover threshold for tri-drive, even with greater payload on 

track- track is more stable. 
• Again tractor parameters greatest influence on steering performance. Trailer influence resulted in slightly 

larger steering axle load requirements relative to pole trailer, but less than B-train 
• Report to ICBC in May. ICBC may require full scale tests or proceed with a regulatory review. 

Twin Steer/Tridem Drive 
• Saskatchewan is looking at twin steer/tri-drive in front of B-train for log hauling 
• Necessary to get increased steering axle load, due to high drive group load and since trailer has a negative 

effect on steering due to position of fifth wheel. 
• FERIC had the opportunity to evaluate this type of tractor recently in Slave Lake, built by Western Star in 

Edmonton, for oil field application. 
• The track has Sisu axles-equal torque split, Chalmers 120,000 lb. suspension, 370" wheel base 
• Recentiy performed steering test in Slave Lake, performed well. 
• Will be doing an in-service evaluation over next year 

Conclusions 
• Traction continues to be driving force- need for short log configurations. 
• Steering is the main concern. Tractor/truck parameters have greatest influence on steering and must be 

carefully specified. Trailer parameters secondary importance but should always be considered. 
• Tri drives improve the dynamic performance of full trailer configurations. 
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ABSTRACT 
In two separate studies, the Forest Engineering Research Institute of Canada examined the log measuring accuracy of 
harvesters and processors in eastern and western Canada, respectively. The studies were done in a wide range of coniferous 
stands and operadng condidons. The studies recorded measuring performance; examined the impact of various tree factors, 
operating conditions, and seasonal differences; and made recommendations to improve measuring performance. 

INTRODUCTION 
Increasing harvesdng costs, greater global compeddon, and 
reduced wood fibre supply are forcing Canadian forest 
companies to place more emphasis on maximizing the 
revenue from their Umber harvesting. Recovering higher 
value from the forest can begin by reducing the substandal 
value losses that occur from current log-making practices 
(Murphy et al. 1996). These losses occur because 
determining the best bucking points and measuring the 
stems correcdy before bucking at these designated bucking 
points are difficult. To allow for the length-measuring 
problem, company log specifications typically accept both 
some variations in the length of manufactured logs (length 
tolerance), and a portion of logs outside the specified length 
tolerance (off-length logs). Improving measuring accuracy 
would allow forest companies to reduce both the length 
tolerance and percentage of off-length logs, which would 
increase fibre/value recovery and reduce the cost of 
sawmilling operations. 
Studies in Sweden suggest that measuring accuracy varies 
among machine types, and is also affected by various stand 
conditions, such as tree species and where on the stem the 
log is being manufactured (Sondell and von Essen 1996). 
However, as both operadng conditions and type of 
equipment used in Canada differ from those in Sweden, the 
results of the Swedish studies may not be direcdy applicable 
in Canada. 
To address the issue of measuring accuracy for mobile 
processing equipment, the Eastern and Western Divisions of 
the Forest Engineering Research Institute of Canada 
(FERIC) conducted studies to examine the measuring 
accuracy of harvesters and processors. The objectives were 
to record measuring accuracy of different types of 
harvesters and processors in a variety of stand and operating 
conditions; to examine the influence of tree characteristics 
and operating factors on log measuring accuracy; and to 
recommend possible solutions to reduce measuring errors. 

THE STUDIES 
In eastern Canada, FERIC examined 6 makes of single-grip 
harvesters among the most widely used. The eastern studies 
were conducted in softwood stands in northern Quebec, 
New Brunswick and Nova Scotia and the assortment of 
products was diverse among the studies, with various mixes 
of pulpwood, studwood and sawlogs of up to 5 meters. The 
eastern studies focused on length accuracy. 
In western Canada, the studies included four types of 
machines: 'single-grip', 'double-grip', 'stroker' and 'roll-
stroker'. Single-gnp and double-grip machines were either 
used as harvesters (felling and processing) or processors 
(working at the stump or at the landing), while the strokers 
and roll-strokers were only used as processors. 
The machines were generally studied 'as-is' (i.e., no 
changes were made to computer settings), and all logs were 
processed to the specifications of the host company. The 
method used to collect field data varied somewhat 
depending on the type of machine, the harvest system in 
which the machine worked, and the conditions at the study 
site. Typically, the machine processed approximately 50 
pre-selected trees (stems) that had been numbered and 
measured. The machine piled the logs from each stem 
separate from logs from other stems so FERIC could 
identify the 'parent' tree for all manufactured logs. Where 
conditions allowed a FERIC researcher to be safely inside 
the cab, FERIC recorded the length and top diameter 
displayed on the computer screen at the time each log was 
manufactured. Following processing, FERIC measured the 
butt and top diameters and the length- of each log, and 
recorded the length the operator aimed at (target length). 
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In the western studies, FERIC exainined the machines' 
length measuring performance with respect to company log 
specifications, computer length settings (target length and 
saw window )̂, and machine displayed lengths. Length 
measuring consistency was evaluated using the 'Best-5' 
concept that is used to compare length-measuring 
performance of harvesters in Sweden (Berglund and Sondell 
1985). Best-5 represents the machine's ability to produce 
logs within a +2.5 cm length variadon. As many companies 
specified acceptable logs as those being within ±5 cm of the 
target lengths tolerance, FERIC also determined Best-10 
using the same procedure as for Best-5. 
Machine-measured diameter data were only collected when 
machines with diameter measuring capability were using the 
informadon for bucking decisions. FERIC compared the 
difference between displayed top diameter and actual top 
diameter (Diameter error), and calculated the percentage of 
logs with diameter errors within ±4 mm and ±8 mm, 
receptively. 

Machine-calculated volume data were only obtained in a 
few studies as the computers on most machines were not set 
to calculate log volume. However, FERIC assumed that if 
the measuring system can correctly measure length and 
diameter, then it can also correcdy determine log volume as 
this is a simple mathematical task well suited to computers. 
Therefore, FERIC used displayed length and diameter data 
to approximate a machine-measured volume of individual 
logs and compared this with • the volume calculated from 
actual length and diameter data using Smalian's formula. 

RESULTS 
Length Measuring Accuracy - Western Studies 

The percentage of logs that fulfilled company specificadons 
ranged between 41 - 100% in cut-to-length (CTL) 
operadons, and between 34 - 97% in long-log (LL) 
operations (Table 1). Typical length tolerances for 
acceptable logs were +5 cm or ±7.5 cm for the CTL 
operadons, and [-5 to +7.5] cm or [-5 to +15] cm for the LL 
operations. 
Using the computer settings as the standards for measuring 
performance, a log is manufactured to correct length if the 
actual length is within the same length tolerance as the saw 
window setting. Typical saw window settings were ±2 cm, 
+3 cm or [0 to +3] cm. Thus the measuring systems' criteria 
for correcdy measured logs were tighter than the company 
log specifications. The result was also lower percentages of 
accepted logs. These ranged between 10 - 88% in the CTL 
operations, and between 3 - 68% in the LL operations 
(Table 1). However, these results do not in all cases reflect 
the machines' length-measuring ability, as some logs were 
not bucked within the saw window range. FERIC found 
that on the average, 20% of the logs, and in one case 89%, 
were bucked outside the saw window. 

In some studies, the majority of the logs were consistendy 
either too short or too long, which suggested a lack of or 
improper length calibration. In these cases, the percentage 
of logs within company specifications or the computer 
setting criteria would not provide a true measure of the 
system's ability to measure logs. Thus, FERIC also 
examined the consistency of the length measurements in 
terms of Best-5 and Best-10 based on the difference 

" between rdlsplayed length and ,actual, log, lengths (length 
error), and between actual and target log lengths (length 
deviation)''. 
Best-5 and Best-10 recorded for, CTL operations ranged 
from 33 - 92% and from 48 - 99%, respectively. The 
corresponding numbers for the L L operations were 23 - 64% 
and 32 - 95%, respectively (Table 2). The lower Best-
values of the LL operations are likely the result of the 
greater risk of 

Table 1. Length measuring performance - Western studies. 
Harvesting Studies Accepted logs (%) 
application (no) Average Range 

Based on comnanv length specifications 
CTL harvesting 33 87 58- 100 
CTL processing 18 85 41 -97 
LL harvesting 4 78 59 -94 
L L processing 18 70 34 -97 
Based on computer settings 
CTL harvesting 34 53 15 -88 
CTL processing 19 54 10 -85 
LL harvesting 4 47 29 -59 
LL processing 19 35 3 -68 

Table 2. Best-5 and Best-10 summary - Western studies. 
Harvesting Studies Best-5 (%) Best-10 (%) 

Based on displayed lengths 
CTL harvesting 21 73 48- 89 91 71 - 99 
CTL processing 6 78 61 - 92 94 87- 99 
LL processing 6 47 27- 60 73 50- 84 

Based on target lengths • 
CTL harvesting 30 68 40- 86 89 66- 98 

CTL processing 23 67 33- 87 89 48- 98 

LL harvesting 4 46 25 - 56 68 47- 81 

L L processing 18 43 23- 64 64 32- 95 

accumulated measuring errors when manufacturing longer 
logs, especially with 'dangle-head' type processors. When 
the measuring errors are expressed in cm/m of log length. 

" The range around the target lengths within which the measuring 
system allows bucking to be made. 

Length deviation data are calculated as if all logs were bucked at 
the exact target length, which often is not the case. Therefore , it is 
less precise than the length error data. 



LL operations typically performed on par with CTL 
operations. 
A large part of the variation in length measuring 
performance recorded in these studies is attributed to 
differences in company log length requirements combined 
with how strongly these requirements were emphasized at 
the harvest operating level. Strict length requirements 
typically meant that the operators frequently checked log 
lengths to ensure compliance, and thus detected and 
corrected problems with the measuring system more quickly 
than was the case in operations where the length 
requirements were less strictly enforced. This factor also 
tended to overshadow the impact climatic and stand factors 
may have had on the measuring accuracy, and made it 
difficult to assess these factors. 
In some individual studies, FERIC found statistical 
differences in the length measurements between logs 
manufactured from different species (most commonly 
between fir (Abies Mill.) and pine (Pinus L.)), and between 
logs manufactured from different parts of the stems (most 
commonly between top logs and mid logs). However, in 
other studies no such statistical difference could be 
established. It is possible that the measuring performance of 
some processors were more sensitive to variation in tree 
characteristics than others, but it appears more likely that it 
was caused by variation in branchiness between trees of 
both the same species and different species. This would 
also explain why FERIC found fewer statistical differences 
between species in studies of roadside processors (less 
branchiness due to breakage of branches during the felling 
and skidding phases) than in studies of feller-processors. 
However, further analysis of the data is needed to fully 
explain the reasons for the variation in length measuring 
performance. 

Length Measuring Accuracy - Eastern Studies 

Considering first the error in length measurement (displayed 
length - actual length), the studies showed some variation in 
the accuracy of the various operations. Figure 1 shows a box 
plot for each of the thirteen studies. The box and vertical 
bars represent, respectively, 50 and 80% of the range 
containing the observations. A box centered on 0 means the 
calibration was unbiased and a smaller box indicates better 
accuracy. Often, good and bad results were obtained with 
the same harvesting head. Unsurprisingly, non-biased 
results were generally produced by operators who were 
familiar with the calibration procedure. However, some of 
the worst cases were observed in adverse stand conditions 
such as heavy branchiness. The studies with the two widest 
ranges (E2 and Fl) were also the ones where product 
compliance to companies' specifications were the poorest, 
at 25% and 57%, respectively whereas the rest were all in 
the range of 69% to 93%. 
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Figure 1. Box plot of the distribution of log length errors. 

Diameter Measuring Accuracy 
FERIC studies on diameter measuring performance included 
only CTL machines that typically worked in operations with 
relatively strict log specifications. However, most of the 
machines only used their diameter measuring function for a 
limited diameter range (most commonly to find a specified 
minimum stem topping diameter). Thus, the accuracy of 
measurements at other diameter ranges was generally not 
important, and likely not checked regularly. 
The diameter measuring error at the top end of the logs was 
within ± 4 mm and + 8 mm for 25 - 66% and 49 - 92% of 
the logs per study, respectively (Table 3). FERIC believes 
that these results are below the measuring systems' 
capability to measure diameter. Analysis of the data 
suggested that the diameter measuring system often was in 
need of calibration. FERIC estimated that with proper 
calibration approximately 15% more logs could fall within 
the ± 4 mm and + 8 mm error intervals. 
FERIC found no differences in the diameter errors between 
logs of different species, although the risk of measuring 
error tended to increase with tree branchiness. 
Proportionally, the measuring errors of the top logs were 
higher and more varied than for buU and mid logs. This 
could also be attributed to tree branchiness. 

Table 3. Diameter measuring accuracy - western studies. 

Studies 
(no.) 

Logs within 
± 4 mm (%) 

Avg. Range 

Logs within 
± 8 mm (%) 

Avg. Range 

Observed data 
Corrected data 

19 
19 

37 1- 66 
52 35 - 78 

63 7 -92 
78 59 - 93 

Predicted volume measuring accuracy 

FERIC used displayed length and diameter data to predict 
machine-measured volume (Table 4). The results suggested 
that current measuring systems could provide a reasonably 
accurate estimate of total gross volume harvested (or 
processed). However, the volume measuring error of 



individual logs would likely vary. Overall, FERIC 
estimated that the machine would determine the volume of 
30% and 50% of the logs within ±3% and ±6%, 
respectively. 

Type of Logs Scaled Machine Diff
log (no.) volume volume erence 

(m )̂ (m̂ ) (%) • 
Butt logs 143 38.3 40.7 +6 

Mid logs 719 96.6 98.7 +2 

Top logs 494 29.8 30.3 +2 

RECOMMENDATIONS 
Achieving good length measuring accuracy with harvesters 
and processors requires a committed effort from both the 
forest company and the machine owners/operators. 
Manufactured logs must be routinely checked for measuring 
accuracy using the procedure described in the 
manufacturer's operating manual. The frequency of these 
checks will depend on the variability in the operating 
conditions, but FERIC suggests, as a starting point, that logs 
from one or two trees be checked twice per shift. Because 
there is almost always some variability in the measuring, 
adjustments to the measuring system should be done based 
on trends of several logs rather than on a single log (Figure 

Displayed log length (m) 

2). 
Figure 2. Example of graph to detenuine trend of length 

measuring error. 

SUMMARY AND CONCLUSIONS 
FERIC studied the log measuring systems of cut-to-length 
and long-log harvesters and processors operating across 
Canada, and recorded a considerable variation in the 
measuring performance for both length and diameter. These 
differences were attributed pardy to the variation in log 
specification requirements and the emphasis placed on 
correcdy measured logs among the host companies, and 
partly to differences in stand and tree characteristics. 
The results of FERIC's studies suggest that under most 
circumstances CTL operations should be able to 
manufacture 90% of logs within ± 5 cm of desired target 
lengths. A lower percentage (75%) would be reasonable as 
a target in long log operations. 
The diameter measuring performance of CTL machines 
recorded for machines in western Canada was lower than 
their potential measuring accuracy because the systems were 
often not calibrated for their entire diameter measuring 
range. With properly calibrated measuring systems, FERIC 
estimated that on the average 50% and 75% of the logs 
could be measured within ± 4 and ± 8 mm, respectively. 
The results of the study suggest that the current measuring 
systems could calculate with reasonable accuracy the total 
gross volume of the harvest. However, the accuracy of 
machine-predicted volume of individual logs would likely 
vary considerably. 
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Owners and contractees of processing machines must 
recognise that good measuring performance will likely 
increase the cost of owning and operating the machines, 
because additional downtime and parts are needed to check 
and iTiaintain the measuring system in good working order. 
Properly sharpened and maintained delimbing knives are 
essential to obtain good measuring performance as this 
would lessen the risk of the knives cutting into the stem 
wood and/or leaving stubs of branches on the stem that 
could interfere with the length measuring wheel. 



Helicopter Logging Evaluations 
Michelle Bowden-Dunham, Harvest Engineering Group 

Currently in BC approximately 10% of the AAC is designated for helicopter logging and this is expected to 
increase in the future. As a result, more helicopter-logging systems are being prescribed in order to meet 
environmental and operational concerns. The Helicopter Logging Evaluations project was developed to increase 
the knowledge base available to FERIC members to assist them in planning and implementing heli-logging 
operations. 

The project has three main objectives: 
• To estimate harvest-system productivities and cost for a variety of helicopter logging operations. 
• To identify factors which influence helicopter logging productivity. 
• To assist forest engineers in their understanding of helicopter logging operations and the impacts of 

planning and layout on system performance and cost. 
The project objectives will be met through a series of case studies conducted on different helicopter logging 
operations throughout western Canada. 

In general, heli-logging operations can be divided into three main categories: 
• Light-lift operations which use a logging helicopter that has a payload capacity of less than 10,000 lb. (e.g., 

the K-Max helicopter. 
• Medium-lift operations which use a logging helicopter with a payload capacity of between 10,000 and 15,000 

lb. (e.g., Sikorsky S61). 
• Heavy-lift operations which use a logging helicopter with a payload capacity of 15,000 lb. or greater (e.g., 

Sikorsky Skycrane). 

To date FERIC has evaluated three medium and heavy-lift operations working on the coast of BC. In all cases 
helicopter logging was implemented to eliminate potentially difficult and expensive road constmction. I would 
like to quickly overview the three case studies we conducted last year. 

Western Forest Products and Vancouver Island Helicopters on WFP's TFL near Gold River on 
Vancouver Island 
The Gold River study site consisted of two clearcuts located on opposite sides of a valley with average block-to-
landing flight distances of 450 - 650 m. The ground was broken and gullied with ground slopes ranging 
between 30 and 80%. 

In this study a Sikorsky S-61N medium-lift helicopter was used for all of the yarding activities and a Bell 206B 
Jet Ranger helicopter performed all choker retrieval and crew transportation tasks. The stripped-down S-61N 
aircraft has a maximum rated payload capacity of about 10 000 lbs at sea level and an average cruise speed of 
about 220 km/h. The S-61N (and the S-61 "Shortsky," a modified version of the S-61N) is the most common 
logging helicopter working in BC. 

The S-61 was equipped with chokers and a two-hook system attached to a 60-m dropline. The two-hook system 
included a main hook and a secondary hook which allowed the pilot to completely or partially abort a turn if it 
was too heavy. As a general rule hooktenders try to build turns that have 70-80% of the turn weight hooked to 
the main hook and the remaining 20-30% on the secondary hook. Therefore if the turn is overweight, the 
secondary hook can be released and the turn weight will still be close to the target payload. 

The S-61 worked for a seven-day period and yarded 2492 m'' scale volume or 356 m"* per shift (see table below). 
Shift lengths ranged from 7 to 12 hours/day with an average of only 3.6 flight hours per shift because of poor weather 
conditions. The S-61 yarded about 25-30 turns per 60-to 70 min yarding cycle. Turn times at 540 m flight 
distance averaged 2.2 min. 



Production Information - Sikorsky S-61N, Go ld River 

Volume yarded (m-̂ ) 2492 
Average volume yarded/shift (m'') 356 
Average shift length (flight-h) 3.6 
Average volume/flight-h (mVh) 98.9 
Average turns yarded/flight-h (no.) 27 

Average time/turn (min) 2.2 
Average pieces/turn (no.) 3.1 
Average flight distance (m) 540 

Turn payload information is not yet available for this study. However, in general helicopter logging contractors 
set target turn payloads at about 75 to 85% of the aircraft's payload capacity. Setting target payloads of more 
than 85% of rated payload capacity is less than optimal because the incremental increase in volume (and 
therefore revenue to the heli-logger) is more than off set by increases in aircraft fuel and maintenance costs. 

TimberWest and Canadian Air-Crane on private land near Mesachie Lake, Vancouver Island 
The Mesachie Lake study site consisted of 2 clearcuts located about 1000 m apart. A s in the Go ld River study 
each block had its own landing with average block-to-landing flight distances of between 900 and 1200 m. 

The Sikorsky S-64E and F Skycrane heavy-lift helicopters performed all of the yarding and choker retrevial 
tasks and a Be l l 206 was used as the support helicopter. The S-64E and F Skycrane helicopters have rated 
payload capacities at sea level of about 20,000 and 25,000 lbs., respectively. The " E " and " F " model Skycranes 
are distinguished visually by their landing gear; the " E " model has one landing wheel on each side of the aircraft 
while the " F " has two. Both Skycranes were equipped with a two-hook system weighing about 800 lb and 
attached to a 60-m drop-line. 

Choker retrieval is not generally done with the logging helicopter; however because of relatively long flight 
distances and the large number of chokers requiring retrieval it was more economical to have the Skycrane 
retrieve chokers because the support helicopter would have had to work continuously to keep up. Chokers were 
used for 21 shifts and a 1200-lb. grapple was used for one shift. Grapple productivity was less than optimal 
because of the long flight distances, the limited variation of log sizes, and the company's utilization 
specifications. 

The S-64E and F worked separately for a total of 22 shifts yarding 22 650 m"* scale volume or about 1030 
m^/shift. On average the aircraft flew 6.3 flight-h/shift yarding about 20 tums/flight-hour. The S-64E Skycrane 
using chokers achieved an average turn payload of over 15,000 lbs. or 76% of its payload capacity and the S-
64F also achieved 76% of its capacity. However, the S-64E using the grapple averaged only 64% of capacity. 
The grapple was unable to pick up several logs at once or to be selective with log combinations. 

Production Information - Sikorsky S-64E and F S-64E S-64E S-64F 
(chokers) (grapple) (chokers) 

Volume yarded (m"') 15 402 906 6 342 
Average volume yarded/shift (m'') 963 906 1268 
Average shift-length (flight-h) 6.03 8.3 5.5 
Average volume/flight-h (mVh) 160 109 192 
Average turns yarded/flight-h (no.) 20.7 18.3 19.7 
Average payload/turn (lb.) 15 083 12 685 18 878 

Average time/turn (min) 2.9 3.3 3.1 
Average pieces/turn (no.) 3.7 1.6 3.3 
Average flight distance (m) 990 1 270 1 270 



Because of long flight distances and the large average piece size being yarded the F-Model Skycrane with 
chokers was probably the best option for logging this site because of its increased lift capability. 

TimberWest and Vancouver Island Helicopters on private land near Youbou Village, Vancouver Island 
Three blocks with average flight distances of between 650 and 800 m were harvested. The study area had 
ground slopes varying between 30 and 80% and as in the other two studies each block had its own landing and a 
centrally located service landing. 

The Kamov KA-32T medium-lift helicopter equipped with a two-hook system and a 60-m dropline was used for 
all yarding activities and a Bell 206 was used for support. The Kamov KA-32T is a Russian designed and built, 
co-axial contra-rotating helicopter (in other words the aircraft has two main rotors, stacked one above the other, 
that rotate in opposite directions cancelling each other's torques, which eliminates the need for a tail rotor). The 
KA-32T has a rated payload capacity at sea level of about 11,000 lb. Currently VIH is the only helicopter-
logging contractor operating these aircraft in BC. 

Although chokers were predominandy used on this site, a limited amount of grappling was done when weather 
conditions were borderline and it was too dangerous for hill crews to be working under the helicopter. 

During this case study the KA-32T flew 22 shifts yarding 14 262 m"̂  or about 650 m /̂shift. Excessive weather 
problems were a direct result of harvest season and site location and caused significant production delays and 
losses. The KA-32T also lost a significant amount of time to mechanical problems, primarily waiting for parts 
to arrive from Russia. The KA-32T is currently pending Canadian Aircraft Registration and therefore during 
this study both Russian flight and maintenance crews were required to operate the aircraft. The KA-32T 
achieved an average turn time of 2.35 min at a flight distance of 750 m, yarding an average turn payload of 
about 9500 lb. or 86% of its maximum payload capacity. 

Production Information - Kamov KA-32T 

Volume yarded (m"*) 14 262 
Average volume yarded/shift (m"*) 648 
Average payload/turn (lb.) 9 462 

Average time/turn (min) 2.35 
Average pieces/turn (no.) 2.6 
Average flight distance (m) 750 

Further analysis has not yet been completed for this study. 

In addition, support helicopters on all three study sites generally flew 45-50% of the number of flight-h flown by 
the logging helicopter. 

Estimated Costs 
Everyone knows that helicopter logging is NOT cheap but few people outside of the heli-logging industry are 
familiar with how these costs are derived, and perhaps this is one of our biggest challenges. FERIC has 
calculated hourly machine costs for each aircraft studied using FERIC's standard costing procedures, based on 
aircraft capital cost, pilot and engineer salaries, R&M costs and a variety of other ownership and operating costs. 
However, to date none of our costing work has been verified by the heli-logging contractors involved, and I ask 
you to keep this in mind. 

As you will have guessed, the most costly aircraft to own and operate was the S-64 Skycrane, at about 
$7200/flight-hour. The KA-32T was estimated at $2900/flight-h and the S-61 at $2200/flight-h. These costs do 
not include yarding crew labour, chokers or support helicopters. 



Unit costs for each operation have also been estimated but are subject to change once missing information is 
included. Stump to truck costs were estimated at about SeS/m"̂  for the S-64 site followed by $48/m̂  for the S-61 
site and $45W for the KA-32 study site. These estimates exclude supervision, mob, de-mob and profit 
allowances. 

It is important to keep in mind that flight distance has a significant effect on helicopter productivity and 
ultimately costs. In these case studies, the S-64 site had a 31% longer flight distance than the KA-32 site and a 
50% longer flight distance than the S-61 site. , • ,y . 

Now, let's quickly re-cap the production and costs. When all of the logging helicopters studied to date were 
compared, the S-64F achieved the highest estimated production per flight-h with the.S-64E, KA-32, and S-61N 
following. In addition, the S-64 study site appeared to be the most expense to log at about $65/m'' stump to 
truck followed by the S-61 site at $48/m'̂  and the KA-32 site at $45/m^ It is important to re-iterate that all of 
these estimates will likely change once all of the missing information is received. 

Productivity Summary 
S-61N S-64E S-64E (grapple) S-64F KA-32 

Average volume yarded/ flight-h (m"̂) 100 160 109 192 121 

Average time/tum @ 1000 m flight 4.1 2.9 2.6 2.4 3.1 
distance (min) (approximated) 
Average flight distance (m) 540 990 1 270 1 270 750 
Average payload/turn (lb.) 7 500 15 083 12 685 18 878 9 462 

Planning and Layout 
From these case studies we have identified five factors that are thought to significantly affect productivity: 
• Flight distance and path 
• Flight path slope 
• Landing size 
• Log size and grade distribution 
• Weather conditions 
This list is not complete but it highUghts some of the more important factors. 

Flight paths should reflect the most direct route from landing to block, while considering aircraft obstructions, 
flight path slope and predominant wind patterns. Often an approach flight path located into the wind will assist 
the helicopter in lift and control when releasing the turn. It is also beneficial to ensure alternate flight paths are 
available in order to counter problematic weather conditions that may prevent the helicopter from flying certain 
paths. Canadian Aircrane considers an average loaded flight distance of 800 m to be at the outer extent of its 
preferred flight distance for the Skycranes. 

Flight distance and flight path slope go hand in hand. It is important that landing approaches do not become to 
steep. Generally heli-logging contractors consider about 35-40% to be at the outer limits of acceptable flight 
path slope. Beyond these limits an aircraft usually has to reduce decent speed or lengthen flight path through a 
series of in-path turns in order to maintain speed and control. Often heli-logging contractors will opt to fly 
longer distances in order to reduce the flight path slope. This was done in the S-64 study when the flight path 
slope approached 45%. Canadian Aircrane decided that turn time would be decreased if they flew to a different 
landing which had a longer flight distance but a straighter, gentler flight path slope. 

Inadequate landing size can increase helicopter turn release time and potential landing hazards during yarding. 
When determining an adequate landing size several factors including logging helicopter selection, landing 
equipment complement, number of cutblocks and associated landings scheduled for harvest at the same time, 
must be considered. Often smaller landings can be used if more than one landing is available. Heli-crews 
sometime prefer more than one landing because it decreases landing activity and congestion, and improves 



safety. Multi-block and landing logging can also be beneficial if weather is poor because the helicopter has 
more flight path options and may be able to avoid shut-downs by moving between blocks. 

Log size and grade distribution should also be considered if heli-logging is occurring on private land and market 
conditions dictate, for example, that low grade logs should not be yarded, as occurred in both the S-64 and 
KA-32T studies. It may be beneficial to eliminate areas from the harvest where the pulp component comprises a 
significant portion of the volume. Leaving felled logs on the cutblock can create potential safety hazards and 
decrease's overallproduction because the high quahty logs-are intermingled with the lower quality logs. 
Hooktenders usually have to reduce turn payloads to compensate for the additional torque required to break the 
turn free when this occurs. 

Finally, weather is one of the most important factors affecting helicopter logging because helicopters are so 
strongly influenced by fog, wind and temperature. Obtaining local weather knowledge and using it to determine 
the most optimal time of the year to schedule helicopter logging in certain areas will most likely decrease 
weather related downtime. 

That wraps up my last point and partially addresses the third objective of the project, which is to assist forest 
engineers in their understanding of helicopter-logging operations and the impact of planning and layout on 
system performance and cost. Final case sUidy reports will translate these main factors into site-specific 
planning and layout examples. 

This summer we plan to continue with more case studies looking at different heavy-, medium-, and light-lift 
operations. Currently draft reports for the S-61 and KA-32 studies are in the works and will be completed once 
the rest of the missing information is received. A draft report of the S-64 case study is complete and should be 
sent to extemal review within the next couple months. 



Skyline Logging Results 
Brian Boswell, Harvest Engineering Group 

Introduction 
Long-distance,skyIine systems were popular in BC before the development of mobile steel spars and, later on, 
high speed yarding cranes and grapple yarding. Developments in road building technology and stumpage write
offs for road cosjts favoured the new systems with shorter yarding distances and intensive road networks. 
Starting in the 1980s, environmental concerns, high road costs, and a shrinking timber supplies revived interest 
in skyline systems. These factors prompted industry and government to give serious consideration to systems 
that could reduce the amount of road constructed on steep ground, or access previously inaccessible areas. 

Helicopter logging was often the accepted solution, but many companies on the Coast thought that skyline 
systems could allow them to harvest with their conventional workforce at a cost that would be competitive to 
heli-logging. 

Operators in BC have experienced a wide range of productivities and costs with skyline systems. In this project 
we tried to determine what factors are affecting this variability and come up with suggestions to improve 
productivity. Today I will tell you about a FERIC study in northwestern BC. I'll describe the systems we 
studied, their productivityies and costs, and make a few observations in regard to improving productivity. 

The Study 
The study involved 4 contractors for Skeena Cellulose, each with a different yarder type and with several 
different skyline systems. A total of 42 000 m̂  was logged in 6 cut blocks during the six-month study period. 
The yarding distances were up to 750 meters with skyline anchors located over a kilometer from the landings. In 
two cases, logs were yarded over streams having buffer strips up to 150 m wide. 

The machines included large and medium skyline tower yarders, a modified highlead tower and a small swing 
yarder. A variety of cable configurations and carriages used by the operators. In four cases motorized slack-
pulhng carriages were used, operating as fixed or standing skyline systems, with and without haulback lines. In 
one case a simple shotgun carriage was used, operating as a slackline or live skyline system. And in the last 
case, a Northbend skyline configuration was used. 

Productivity 
Productivity per 8-h shift varied from a low of 90 m̂  to a high of 150 m̂  for the 6 blocks and averaged, overall, 
llOm^. 

The operator in Block 4 had a considerably higher average productivity rate than the other operators. His 
productivity, at 150 m /̂shift, was 36 % higher than the next highest operation. He used a technique that was 
unique among the operations studied. Two rigging crews set chokers at two different locations on each skyline 
road. The carriage would pick up preset chokers, alternating between crews, giving each-crew more time to set 
its chokers and ensured a turn was ready each time the carriage returned. This technique helped this contractor 
to produce 26 to 40 % more volume (25 m̂  vs 18 to 20 m̂ ) for each hour spent yarding, compared to the other 
contractors, even though Block 4 had comparable yarding distances but a smaller average piece size than the 
other study sites. It also enabled the yarder to produce logs from the crew nearest the yarder while the other 
crew was walking out in the morning and walking back to the landing at the end of the day. (With these long 
distance systems, crew walking time can be considerable; it averaged over 30 min/day in Block 5.) The 
technique also produced a more even flow of wood to the landing. Instead of low productivity at the back-end 
and high productivity at the front of a road, there was less variation from day to day. While this technique can't 
be used everywhere, it should be considered where it is safe. 

In skyline logging the engineering and layout can greatly influence productivity. Landing and anchor locations 
are critical. For example, when using motorized slack-pulling carriages and standing skyline systems, it can take 



a long time just to lower the chokers to the ground. The blocks in this study were designed with the skyline 
anchors located across the valley, high on the opposite hillside. While this created great lift over much of the 
skyline road, the carriage was over 180 m above the ground at times, requiring more than 2 minutes just to lower 
the chokers to the ground. This meant as much as 20 % of the cycle time was spent waiting for the chokers to 
drop (average was 9%) . Usually the anchors were rigged high on the opposite hillside in order to provide 
adequate lift for a small area close to the landing. P̂ayload was not increased by this enormous amount of lift 
because the area close to the landing with the poor deflecdon dictated the payload for the entire span. A better 
solution would have been to locate the landings and'anchors to createequal but adequate amounts ofdeflecdon 
over the endre span and reduce the height of the skyline above the ground. 

Another consideration in this study was fog. Heavy fog often made it difficult to spot the carriage and several 
contractors though this reduced their productivity. One contractor even tried mounting a strobe light on the 
carriage to make it more visible. We compared yarding productivity on days with fog with days with no fog, for 
one yarder and similar yarding distances. Although the average productivity was about 2 m̂ /hour higher when 
there was no fog (18.5 vs 20.4 m /̂hour), the difference was not statistically significant. 

We also looked at the effect of double shifting. One contractor operated his yarder two shifts per day, working 
from 5 am to 10 pm during the summer. Productivity was the same for the morning and afternoon shifts, at 20 
m /̂yarding hour. When operating only 1 shift/day, the productivity was slightly lower at 19 mVyarding hour. 
Again, the differences were not statically significant. 

In general, the blocks that used motorized slacking-pulling carriages had the shortest cycle times at all yarding 
distances. Overall, the shortest cycle time was experienced by the contractor using two rigging crews. 

Overall productivities and costs are, of course, also influenced by set-up time, delay time and road change times, 
not just cycle times. The average time to change skyline roads was 4.5 hours. The road changes were quickest 
for the Northbend system and the slackline system, averaging 2 to 3 hours. Where the slack-pulling carriages 
were used, road changes were over twice as long, averaging 5 to 7 hours. However, because the slack-pulling 
carriage system allowed wider lateral yarding distances, more volume was yarded on each road and the road 
changes occuired less often. The result was similar proportions of total time spent changing roads, about 6%, 
regardless of system. Also, the time for road changes in terms of cubic metre logged was also very similar at 0.3 
to 0.4 min/ m̂  logged. 

Because solid anchors are such an important part of skyline logging, rock bolts are often used, especially in 
areas with small trees or poor stumps. Two of the contractors in this study used rock bolts, and, as part of the 
study, we looked at the time and cost for installation. Using.4 bolts per anchor and allowing for 1 hour of 
helicopter time per anchor we calculated a cost of $2600 per anchor installation. 

One contractor was a standout as far as delays were concerned. While the other contractors averaged 20% of all 
their time in delays, this contractor managed to limit delays to 8% of total shift time. Not surprisingly, this 
contractor achieved the highest productivity overall and the lowest cost. This contractor was well organized and 
able to handle rninor problems quickly. For example he had two hooktenders pre-rigging much of the time. 
When the time came to change yarding roads, an extra man was brought in for the day to help out. Also, this 
crew kept a diary, meticulously recording production, delays, and other comments each day. These factors 
contributed to their low delay time. 

Cost 
Total yarding and loading costs ranged from $33 to $51/m̂  and averaged $40/m3 (Figure 1). These costs are 
based on FERIC costing methods and are not actual costs or contract prices. Figure 2 shows the distribution of 
time by activity. From these two graphs, you can see that the contractor in Block 4 had the lowest cost overall 
and he had the least amount of delays. 



The overall costs, at an average of $40/m^, is considerably more than highlead or grapple yarding costs at $15 
and $9/m3 for example, from a recent FERIC report (TR-112), but still less than helicopter-logging costs. 

Summary 
In summary, the blocks where motorized carriages were used had the highest productivity and the lowest costs, 
overall. The contractor that had the highest productivity spent considerably less time in delays than the others. 
He also used a system of two crews/skyline road for setting chokers which was highly effective. 

Closing Remarks 
You often hear things like "it's the crew that make the difference between a successful operation and an 
unsuccessful one". While I won't argue with that, I think there's a litde more to it than that. Management has to 
be supportive of the crew in the bush, in order for the crew to be productive. Providing the crew with the 
manpower and other resources necessary for a smooth operation is essential. Allowing reported problems to go 
on indefinitely without repair or solution reduces productivity and lowers crew morale. 

As the cost of systems increase, it becomes more and more important to reduce downtime and keep the systems 
producing at their highest level. In heli-logging this approach has resulted in a system where everything revolves 
around keeping the helicopter operating to its fullest potential. The purpose of every person and every piece of 
equipment on site is to keep the hehcopter's turn time as short as possible and to make sure every turn is a full 
payload. Operators of large skyline systems would do well to adopt a similar approach. These skyline systems 
are more complex than highlead systems and have more potential for delays if they aren't operating well. The 
larger crews and longer distances with these systems magnify the production and cost impacts of any yarder or 
rigging inefficiencies. These systems need to be managed to minimize delay time and optimize payload. 
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Cut-to-length vs. Tree-length Harvesting - A Comparison 
Bjorn Andersson, Harvesting Operations Group 

Definitions. In this comparison the cut-to-length (CTL) harvesting system consists of single-grip harvesters + 
shortlog forwarders + shortlog trucks delivering,'ready-to-use' logs to mill site(s). The tree-length (TL) 
harvesting system consists of feller-bunchers + grapple skidders + roadside delimbers + tree-length trucks 
dehvering TL stems,-f- mill merchandizers converting the stems into ready-to-use logs. 

User philosophy. The CTL and TL harvesting methods emerged under different conditions, thus users need to 
have different 'harvesting philosophies' when employing these system. However, this is not to suggest that 
dmber revenue can be ignored in TL logging, or that productivity and cost is not essential in CTL logging. 
Tree-length: Profit by minimizing cost (or maximizing production) 
Cut-to-length: Profit by maximizing timber revenue (at the harvest operation level) 

Harvesting cost. Direct harvesting cost (SW) for wood-on-truck is-commonly .lower with the TL system, 
because TL machines generally have higher productivity (mVhr) and higher machine utilization than CTL 
machines. Some studies have suggested a lower harvesting cost for CTL logging than for TL logging in stands 
with small trees (e.g. <0.15 mVtree). However, this may have resulted from not matching the size of feller-
bunchers and skidders to the size of the timber. 

Felling/processing. The productivity of CTL harvesters is more affected by the (average) tree volume than are 
feller-bunchers and (sometimes also) delimbers. CTL harvesters typically fell and process one tree at the time, 
while feller-bunchers can accumulate several smaller trees in their felling heads before bunching. Roadside 
delimbers can also handle several stems simultaneously, but limbing and topping quality consideration may 
limit multi-stem processing. Uninerchantable stems affect CTL harvester productivity more adversely than they 
do feller-bunchers. The robust boom and head of feller-bunchers can quickly knock down undersized trees, 
while CTL harvester often must remove these trees by cutting them one by one. 

Extraction. A significant portion of the higher harvesting costs for the CTL system occurs in the extraction 
phase. Faster terminal (load and unload) times and travel speed make grapple skidding more cost efficient at 
short distances, while at longer distances the higher payload of forwarders can reverse the relative cost 
advantage of grapple skidding. The cost of road building and/or restrictions to road building would affect the 
decision whether to go for short or long extraction distances. 

Products/sorting. CTL harvester can produce and sort several log products without significandy impacting 
machine productivity. However, the forwarder productivity and cost are affected by the number of sorts. 
Studies by FERIC - Eastern Division suggest a 15% reduction when more than 2 sorts are forwarded separately, 
and Finnish studies suggest a cost increase of between'$0.30 - $0.50/m?'foreach>addition sort over 2. Sorting 

' with feller-bunchers and/or dehmbers is usually limited to rough sorting of species and/or sorting by stem sizes. 

Logging slash. The logging slash in CTL operations is distributed relatively uniform throughout the cutover. 
The amount of debris left on the site depends stand conditions and fibre utilization level during the harvest. TL 
logging generally leaves the cutover relatively free of logging debris, but with logging debris accumulated at 
roadside. Some processing waste is also produced at the merchandizing deck at the mill site. 

Operators. A disadvantage of using CTL equipment in Western Canada is the lack of trained harvester and 
forwarder operators. It can take up to two years for a person to be fully trained to operate a harvester. Expect 
below-normal productivity and above-normal mechanical down time and maintenance cost (especially from 
damages to sawbar and chains). 

Fibre utilization. Many studies have suggested that CTL logging recovers more usable wood fibre from the 
forest than do TL logging systems. This may not be universal, but related to certain stand conditions. The 



results may also have been biased because of differences in fibre utilization standards between CTL and TL 
systems (e.g. a small tree may not be classified as a merchantable stem in its tree-length form, but if processed 
into a log it would). However, CTL harvesters would likely recover more fibre from broken pieces and 
windfalls as these machines can more easily pick up wood on the ground than feller-bunchers can. Also, CTL 
harvesters are more likely to recover fibre from 'marginally undersized trees' because it is almost as quick to fell 
and process them into a log as it is to fell and discard them (but it is expensive wood). However, CTL 
harvesters may not be able to sever trees at the same low stump height as feller-bunchers on sites with deep 
snow.'Higher "sturhps meansTess fibre recovered from the site ,̂  - , 

Fibre damage during processing. Users of CTL harvesters need to be aware of potential problems associated 
with the log manufacturing. These include 1) log measuring accuracy, 2) damage from steel spike rollers, and 
3) logs splitting because the bucking cut is not fast enough. The latter can become a problem when processing 
logs > 5.5 m from stems with diameters > 25 cm; The damage may not be noticeable on the logs, but will show 
up during the milling process. Fibre damage can also occur from TL logging. High-speed feller-buncher heads 
with dull teeth, or not cutting the tree at full rpm, can tear apart the wood fibre in the lower part of the stem. 
Also, skidders decking stems at roadside often causes some logs to break, and perhaps also,some.internal 
damage. 

Hybrid CTL Iiarvesting systems. Operating condidon in western Canada may favour the use of 'hybrid' CTL 
harvesting systems over harvester -I- forwarder systems. Two options are: 
Feller-buncher 4- CTL Processor -i- CTL Forwarder 
Feller-buncher -i- Grapple Skidder + CTL Processor 

A CTL processor operating behind a feller-buncher will have a significantly higher productivity than a CTL 
harvester, and is also earlier to learnto operate. The processor would also create.larger log piles, and thus the. 
loading time of forwarders will be reduced. Logging debris is still left at the felling site, but generally it is more 
concentrated than is the case behind a harvester. Space for sorting could be a bit more limited. Both double-
grip and single-grip machines could be used - the double-grip might be a better choice in larger wood (it was 
originally designed for processing felled stems in final-cut operations. 

Operating CTL processors at roadside behind feller-bunchers and grapple skidders also increases machine 
productivity (probably higher than when working as a stump-area processor), and would require less capital 
investment if converting from TL logging to CTL logging. However, logging debris will be accumulated at 
roadside. There may also be some problems finding enough space to deck logs, especially if several different 
sorts are being manufactured. Double-grip processors are not recommended for use at roadside. 

Wtiich system to choose? It is difficult to say which of the two harvesting system is 'best', as it.depends on 
both the requirements of the mill and the operating conditionsrwThe harvesting portion of-;the/;'stump-to-rniir 
wood supply chain is only part of the comparison. Tree-length and cut-to-length harvesting will also impact the 
trucking operation, mill handling operations, and post-harvest stand regeneration. The pros and cons of the two 
systems have to be analyzed in each case. 

Information presented here is of a general nature. It is almost always possible to find situations where the 
statements made here are not true. Skill and ingenuity of machine operators and logging personnel may in 
many cases overcome equipment shortcomings. Or as my professor in logging at UNB once stated "the worst 
logging system well applied, will always outperform the best logging system poorly applied". 
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