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Introduction

In 1992, a helicopter-logging trial was conducted
in Rennell Sound on the Queen Charlotte Islands
under the auspices of the Fish/Forestry Interaction
Program. The purpose of the trial was to test the
concept of using helicopters to selectively harvest
timber from steep, potentially unstable hillslopes
where the likelihood of logging-induced landslides
precluded conventional cable-yarding and
clearcutting. The Forest Engineering Research
Institute of Canada (FERIC) monitored the trial to
evaluate the operational feasibility of this concept.
(Partial funding for FERIC’s studies was provided
by the Fish/Forestry Interaction Program and the
South Moresby Forest Replacement Account.) This
paper describes the trial and presents preliminary
results on yarding productivities, post-logging stand
and site conditions, and costs of the helicopter-
logging operations.

In 1979, the federal Department of Fisheries and
Oceans and the British Columbia Ministry of
Forests and Ministry of Environment established the
Fish/Forestry Interaction Program (FFIP), a mult-
idisciplinary research program with the goal of
identifying ways to manage and harvest mountain
forests while maintaining stream integrity and fish
habitat on the Queen Charlotte Islands. The pro-
gram was initiated in response to concerns that the
road-building and logging practices of the day were
increasing the frequency and magnitude of land-
slides on steep slopes, resulting in loss of productive
forest land and damage to salmon habitat. One of
FFIP’s stated objectives was “to investigate the
feasibility and success of using alternative logging
methods to reduce traditional environmental
problems associated with logging. These methods
include skyline and helicopter use, and improved
planning of logging roads and logging layout in
sensitive areas” (Poulin 1984).

In 1980, at the request of FFIP personnel, FERIC
initiated a series of studies to address this objective.
During the next 5 years, FERIC examined the causes
of landslides in logged areas (Krag et al. 1986),
studied conventional and alternative cable-yarding
operations on steep slopes (Sauder and Wellburn
1987), and developed and compared alternative
logging plans for two typical sensitive sites (Sauder
and Wellburn 1989). These studies showed that on
many logged sites the risk of landslides could be
reduced through the use of improved planning and
road-building practices and the innovative use of a
variety of cable-yarding methods, including
conventional as well as skyline systems.

On more sensitive sites, however, the risk of land-
slides precluded the use of conventional harvesting
and silvicultural systems. The program therefore also
examined the potential of using helicopters in com-
bination with partial-cutting silvicultural systems to
harvest such sites. Between 1986 and 1989, Husby
Forest Products Ltd. and Canadian Air-Crane Ltd.
successfully demonstrated the concept on gentle
terrain in the Naden Harbour area by using a heavy-
lift helicopter to selectively harvest timber in sensi-
tive riparian areas (Moore 1991). As a result, part of
FFIP’s second 5-year research plan included a
proposed operational trial to extend the concept
onto steep slopes. FERIC monitored the trial, which
took place between June and November of 1992 on
two sites in Rennell Sound, to assess the operation’ s
performance and feasibility.

Study Sites, Harvesting Treatments and Systems

Study Sites The two helicopter-logging sites are
located in Rennell Sound on the west coast of
Graham Island (Fig. 1). The Hangover Creek site
occupies the midslope area of a mountain shoulder
near the confluence of Hangover and Bonanza
creeks; the Gregory Creek site, 5 km to the south-

Productivities, Costs, and Site and Stand Impacts of Helicopter-logging in Clearcuts, Patch Cuts,
and Single-tree Selection Cuts: Rennell Sound Trials

R K



202

east, extends from the lower slope to the ridgetop
along the north side of Gregory Creek. Both are on
south to southeast aspects and are similar in terms
of stand characteristics, aspects, slopes, and soils
(Table 1). However, Hangover Creek consists mostly
of steep, uniform open slopes while Gregory Creek
is heavily dissected by numerous steep, bedrock-
based gullies ranging from 2 to 15 m deep and 100
to 400 m long. Evidence of historic mass wasting is
frequent on both sites.

Both sites are within the Very Wet Hypermaritime
subzone of the Coastal Western Hemlock biogeocli-
matic zone (CWHvh2) (Green and Klinka 1994),
which is characterized by mild temperatures and
heavy rainfalls. Forest cover is typical for rapidly
drained slopes in this subzone. Hangover Creek
contains an almost equal mix of western hemlock
(Tsuga heterophylla) and Sitka spruce (Picea

sitchensis), with minor components of western red-
cedar (Thuja plicata) and yellow-cedar (Chamaecy-
paris nootkatensis); Gregory Creek is dominated by
western hemlock with a lesser component of Sitka
spruce and a minor component of western redcedar.
The trees on Hangover Creek average slightly larger
in diameter, height, and merchantable volume than
on Gregory Creek. Net merchantable volumes aver-
age 816 m3/ha on Hangover Creek and 629 m3/ha
on Gregory Creek.

The sites are representative of many marginally
stable forested slopes on the Queen Charlotte
Islands. Each site supports valuable stands of high-
quality timber and contains a complex mosaic of
terrain stability classes (B.C. Ministry of Forests
1995). Although sizable parts of each site are
mapped as relatively stable (Classes I to III), a
significant portion is mapped as unstable

  Location of study area in Rennell Sound on the west coast of Graham Island, Queen Charlotte Islands.
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(Classes IV and V), where experience has shown that
traditional road-building and clearcutting practices
have a moderate to high likelihood of inducing slope
failures following logging. The stable areas are
effectively isolated by unstable terrain units and are
physically or economically inaccessible for
conventional road development and cable logging.
Currently such sites are excluded from the operable
forest land base because of slope stability concerns,
and therefore do not contribute to the allowable
annual cut.

Harvesting Treatments

Four treatment units designated for helicopter yard-
ing were established on Hangover Creek and each
was assigned one of four silvicultural prescriptions:
clearcutting; two levels of patch cutting (50%
removal and 25% removal levels, in ~0.2-ha
patches); and one level of single-tree selection
cutting (25% by basal area, distributed propor-
tionally among species and diameter classes). The
same helicopter-yarding treatments were repeated
on the Gregory Creek site, which also had two
additional treatment units: a 15% single-tree
selection unit that was designated for helicopter
logging; and a clearcut unit designated for conven-
tional grapple yarding. In addition, a no-logging
control unit was established on or near each site.

Figure 2 shows the arrangement of the harvesting
treatment units on Hangover Creek, with actual
dimensions and shapes of patches after logging was
completed. Each treatment unit was between 8 and
11 ha in size, and in most cases extended from the
bottom to the top of the study site. Because of size
limitations, there were no buffers between the
harvesting treatments, so on both sites many of the
patches in the 50% patch-cut units opened onto the
adjacent clearcuts.

Harvesting System and Organization

Canadian Air-Crane Ltd. performed the helicopter-
logging operations on the trial sites. The fallers and
helicopter-logging crews were experienced in partial
cutting in similar stand types before the start of this
trial, having worked for Husby Forest Products Ltd.
in its partial-cutting trials in Naden Harbour.

Equipment for the helicopter-logging operation
consisted of one logging helicopter (a Sikorsky
S-64E Skycrane) and on-site service trailer, one
support helicopter (a Bell 206 Jet Ranger), and two
log loaders (one front-end and one hydraulic). The
support helicopter ferried fallers and ground crews
to and from work sites and returned chokers to the
hook-up areas. The two log loaders retrieved
chokers and decked logs in the drop zone during
helicopter-yarding operations, and occasionally
loaded trucks during yarding stoppages. The 23- to
25-member workforce included one supervisor

  Site and stand descriptions

Hangover Creek Gregory Creek

Cutblock area (ha) 45.7 79.9

Ecological CWHvh2 CWHvh2
classificationa

Site characteristics

Terrain type open-sloped, broken gullied, broken

Slope

Range (%) 20–120 20–100

Average (%) 65 55

Slope breaks frequent frequent

Soils

Texture silty loam silty loam

Depth (m) <1.0 <1.0

Slope stability class IV, (V) IV, (V)

Stand characteristics

Species composition 51% hemlock 65% hemlock
46% spruce 28% spruce

3% cedar/cypress 7% cedar

Live trees 

Density (no./ha) 294 294

Average diameter (cm) 57.7 53.4

Snags 

Density (no./ha) 23 19

Average diameter (cm) 73.5 91.6

Merchantable volumes

Per hectare (m3/ha) 816 629

Per tree (m3) 2.77 2.14

Defect (%) 17.8 22.5

Average tree height (m) 41.9 41.1

a Green and Klinka 1994.
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(occasionally two), a pilot and co-pilot, two or three
mechanics, two loader operators, four chasers in the
drop zone, and four rigging teams of one hook-
tender, one strip-runner, and one chokersetter each.

The S-64E Skycrane, a heavy-lift helicopter with a
rated lifting capacity of 9081 kg, used a two-hook
system and a 60-m or 75-m dropline. A load cell
located between the airframe hook and the dropline
transmitted the turn weight to a cockpit display as
the turn was lifted off the ground; if the turn was
overweight, the pilot set the turn down again and
released part (from one hook) or all (from both
hooks) of the turn.

The Skycrane typically yarded 20–30 turns in a 55-
to 60-minute flying cycle, with 5- to 10-minute visual
inspection and refuelling breaks between cycles. The
pilot and copilot usually switched tasks after every
cycle. Shift lengths ranged from 2 to 12 hours per day,
depending on available daylight and weather

conditions. Yarding began at the top of the harvesting
treatments and progressed downhill. The four rigging
crews were dispersed roughly along a level line across
the width of the study site and were spaced as far
apart as safety dictated. During a yarding cycle, the
Skycrane rotated among the four hook-up points,
taking two consecutive turns from one hooktender,
then moving to the next hook-up point for two turns
from the next hooktender, and so on.

Logs were landed on or beside existing roads
along the bottoms of both sites. The loaders and
chasers worked steadily back and forth along the
road, always maintaining a clear zone for the
Skycrane to land turns. The front-end loader kept
the road clear and helped the chasers to unhook
chokers, while the hydraulic loader followed behind
and decked the unchoked logs on the downhill side.

On each site the harvesting treatment units were
yarded concurrently to ensure that the yarding

  Rennell Sound helicopter-logging trials: Hangover Creek.
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operation progressed more or less uniformly
downhill, thereby eliminating the risk of having
rigging crews working beneath the Skycrane’s flight
path. On Hangover Creek, two rigging crews usually
worked full-time in the clearcut unit, a third crew
worked in the 50% patch-cut unit, and a fourth crew
alternated between the 25% patch-cut and 25%
single-tree selection units. On the Gregory Creek
site, the treatment units were also yarded
concurrently and rigging crews were similarly
distributed, although crew placement was
considerably more flexible because the harvesting
treatment units were more dispersed.

Study Methods

Productivity and Cost A FERIC researcher was
stationed on-site for the duration of the helicopter-
logging operation. A combination of detailed-timing
and shift-level data collection methods was applied
to analyze the effects of harvesting treatment on
helicopter-yarding productivity. The following
information was collected during detailed timing:
harvesting treatment and location (lower, middle, or
upper third); start point (the drop zone segment
where the previous turn was landed); end point (the
drop zone segment where the current turn was
landed); number of logs; time per turn element
(Travel empty; Position and hook-up; Breakout; and
Travel loaded); total turn time; and any delays with
known or suspected causes.

Canadian Air-Crane Ltd. supplied the Skycrane’s
cycle data sheets, shift production summary, and
operating report for every day of operation to
supplement the detailed-timing data. This shift-level
information provided a consecutive record of each
turn yarded during a production cycle, including the
turn number and location, estimated and actual
turn weights, number of logs, and occurrences of
partial or complete aborts, plus total numbers of
cycles, turns and weight flown per operating shift,
distribution of shift time, and maintenance
activities. The detailed-timing and shift-level data
were then correlated and compiled to determine
average turn times, flight distances, number of
turns, and total weight of logs yarded from each
harvesting treatment. Husby Forest Products Ltd.
supplied the final scale summaries for the trial,
which were used to convert log weights to volumes.

Linear regression equations were developed to
relate Travel empty and Travel loaded times to flight
distances so that average turn times could be
expressed and compared for common yarding
distances.

Standard FERIC costing procedures were used to
develop a preliminary estimate of owning and
operating costs for the helicopter-logging operation,
including the logging and support helicopters and
the two log loaders. Standard union labour rates
were used to derive labour costs. The hourly cost for
the Sikorsky S-64E Skycrane was derived by
updating costs presented in Guimier and Wellburn
(1984) and including a standby allowance for
weather delays. FERIC’s costing excludes
mobilization and demobilization costs, operating
costs for the float camp, overhead, profit, and crew
supervision and transportation. It is stressed that
this costing is only preliminary and is not intended
to represent the actual cost experienced by Canadian
Air-Crane Ltd.

Residual Stand and Ground Surface Condition
Following the completion of helicopter-logging,
both sites were resurveyed and mapped to establish
final boundaries, locations, and areas of all
treatment units and patch cuts. Within each
treatment unit, 12.62-m radius (0.05-ha) plots were
established in a staggered pattern on a 40-m × 80-m
(approximate) grid, yielding 20–30 plots per
treatment unit depending on the size and shape of
each unit. At each plot all live residual trees and
snags 15 cm dbh and larger were cruised and
species, height (above point of germination), and
diameter were recorded for all stumps larger than
15 cm diameter at stump height. The dimensions
and locations on the stem of all logging-related scars
were recorded for all residual live trees in the patch-
cut and single-tree selection cuts. Scars were
measured directly if close to the ground; otherwise
they were estimated.

Ground surface condition was determined by
locating four 15-m transects at each plot centre. The
first transect was established by selecting a random
bearing; the second, third, and fourth transects were
then oriented at 90°, 180°, and 270°, respectively, to
the first. Point samples of ground surface condition
were recorded at 1-m intervals along each transect,
for a total of 60 points per plot.
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Results and Discussion

Summary of Operations Falling, yarding, and
loading operations were performed on the trial sites
between June and November 1992. Falling began on
Gregory Creek in mid-June and on Hangover Creek
in early July. The fallers concentrated on Hangover
Creek first and finished there in late August; they
then shifted back to Gregory Creek. Falling was
completed on most of the Gregory helicopter-
yarding units by late September, but the decision to
add the 15% single-tree selection unit extended
falling operations into early October.

A few fallers remained on Gregory Creek during
July so that the conventional clearcut unit could be
logged before helicopter-yarding began on the other
Gregory treatment units. This unit was grapple-
yarded with a Madill 044 yarding crane between late
July and mid-August, and the logs were loaded out
between late August and mid-September.

The Skycrane began yarding on the Hangover
Creek site in late August and finished in late
September, then moved to Gregory Creek and
finished there in mid-October. Helicopter-yarding
operations on the two study sites were continuous
except for a period of 3 days in early October, when
a small blowdown patch was logged nearby.

One log loader and two log trucks remained on-
site after the yarding phase finished. Loading and
hauling operations were completed in late
November.

Yarding Productivity for the Sikorsky S-64E
Skycrane Table 2 summarizes the Skycrane’s log
production from the Hangover and Gregory Creek
sites. The Skycrane yarded a total of 34 954 m3,
distributed almost equally between the two sites,
between August 31 and October 17. During that
period, the Skycrane flew 219 production cycles in
40 operating shifts (20 at each location). The
helicopter was grounded by low cloud or wind for
six full shifts and parts of several other shifts as well.

The Skycrane averaged 5.7 cycles per operating
shift at Hangover Creek and 5.3 cycles per operating
shift at Gregory Creek. (“Cycle” refers to the 55- to
60-minute periods of yarding activity between
refuelling breaks.) Yarding production averaged 22.4
turns, 97.1 logs, and 153.1 m3 per cycle on Hangover
Creek, and 26.2 turns, 117.2 logs, and 166.6 m3 per
cycle on Gregory Creek. (“Turn” refers to the
sequence of activities required to transport logs from

the hook-up site to the drop zone. A turn consists of
four time elements: Travel empty, Position and
hook-up, Breakout, and Travel loaded.) Average log
size and number of logs per turn were slightly
greater for Hangover Creek, so the average volume
per turn was higher for Hangover than for Gregory
Creek. However, the average yarding distance on
Hangover Creek (740 m) was more than double that
of Gregory Creek (340 m), resulting in longer
average turn times and fewer turns per cycle. The
longer turn times more than offset the slightly larger
turn volumes, so average volume yarded per cycle
was higher for Gregory Creek.

Effect of Harvesting Treatment on Helicopter-
yarding Productivity It was hypothesized that,
relative to the clearcut units, helicopter yarding from
the patch cuts and single-tree selection cuts might
experience longer average turn times, lower average
turn weights (i.e., volumes), and higher frequencies
of hang-ups or partial or complete aborts. The
following analysis examines the effects of harvesting
treatment on turn times and volumes.

  Summary of log production for the Sikorsky
S-64E Skycrane

Hangover Gregory
Creek Creek Combined

Days with production 20 20 40

Full days lost to weather 5 1 6

Total number of shifts 25 21 46

Cycles flown (no.) 114 105 219

Turns yarded (no.) 2 554 2 746 5 300

Logs yarded (no.) 11 065 12 310 23 375

Volume yarded (m3) 17 456 17 498 34 954

Cycles/shift (no.) 5.7 5.3 5.5

Turns/cycle (no.) 22.4 26.2 24.2

Logs/turn (no.) 97.1 117.2 106.7

Volume yarded/cycle (m3) 153.1 166.6 159.6

Logs/turn (no.) 4.3 4.5 4.4

Volume yarded/turn (m3) 6.83 6.37 6.60

Volume/log (m3) 1.58 1.42 1.50

Average flight distance (m)

Empty 751 370 –

Loaded 731 314 –
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Effect of Harvesting Treatment on Turn Times
More than 90% of the Skycrane’s 5300 turns were
detail-timed during the study. After first eliminating
occasional in-flight delays that were not related to
the harvesting treatment (such as delays at the drop
zone caused by hook malfunctions), times for
Position and hook-up and Breakout were compiled
and averaged for each harvesting treatment.
Regression analysis was performed to relate Travel
empty and Travel loaded times to flight distance for
each site, resulting in the following equations:

Hangover Creek:
Travel empty time (min.) = 0.24445 +

(0.000297 ×
yarding distance (m))
= 0.47 min. @ 751 m

Travel loaded time (min.) = 0.44528 +
(0.000355 × yarding
distance (m))
= 0.70 min. @ 731 m

Gregory Creek:
Travel empty time (min.) = 0.22542 +

(0.000270 × yarding
distance (m))
= 0.33 min. @ 370 m

Travel loaded time (min.) = 0.38849 +
(0.000317 × yarding
distance (m))
= 0.49 min. @ 314 m

Average total turn times were then generated for
each site and treatment unit by adding average
Position and hook-up and Breakout times to the

above predicted Travel empty and Travel loaded
times for their respective average travel distances
(Table 3). (Note that the flight distances were
standardized for treatment units within each site,
but not between sites.)

Table 3 shows very consistent trends and relative
differences in average turn times between the
harvesting treatments on each site. Average turn
times for a given treatment unit were between 14
and 18% longer on Hangover Creek than on
Gregory Creek because of the substantially longer
average flight distance.

Within each site, average turn times for the
clearcuts and the 50% patch cuts were virtually
identical, indicating that average times for Position
and hook-up and Breakout were essentially
unchanged as well. On both sites, the clearcut and
50% patch-cut units were adjacent to each other and
in both instances many of the patches in the 50%
patch-cut unit opened onto the clearcut (Fig. 2). The
Skycrane often extracted logs from these patches by
flying into the adjacent clearcut rather than lifting
them above treetop level, so in effect the patches
became extensions of the clearcut.

Average turn times for the 25% patch-cut units
were slightly longer than for the clearcuts. With only
one exception, the patch openings in the 25% patch-
cut units were surrounded by standing timber, so
the Skycrane had to lift the logs high enough to clear
the adjacent trees before beginning its descent to the
drop zone. This resulted in slightly longer Breakout
times for the 25% patch-cut units. Relative to the
clearcut, Position and hook-up time was unchanged

  Average turn times for the Sikorsky S-64E Skycrane

Hangover Creek Gregory Creek

Turn time Change Turn time Change
Treatment unit (min) (%) (min) (%)

Clearcut 2.36 – 2.00 –

50% Patch cut 2.34 -0.8 2.00 n.c.

25% Patch cut 2.42 +2.5 2.12 +6.0

25% Single-tree selection 2.62 +11.0 2.22 +11.0

15% Single-tree selection n/a n/a 2.26 +13.0

Average yarding distance (m) 740 340
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on Hangover Creek and marginally longer on
Gregory Creek, indicating that the small size of the
patch cuts (~0.2 ha) did not materially affect the
pilot’ s ability to spot the hooktender.

Relative to their respective clearcut units, average
turn times for the two 25% and one 15% single-tree
selection units were substantially longer because of
pronounced increases of 15–23% in Position and
hook-up times and 18–32% increases in Breakout
times. The slight difference in average turn times
between the 25% and 15% patch cuts on Gregory
Creek is not large enough to suggest a trend of
increasing turn time with lighter removals.

Effect of Harvesting Treatment on Turn Weights
Table 4 summarizes average gross weights per turn
(i.e., including logs, dropline, hook, and chokers)
and net volumes per turn. (Turns could not be
individually scaled during the study, so turn volume
was estimated from weight-to-volume conversion
factors derived for each site.)

Average turn weights were slightly higher for the
50% and 25% patch-cut units and marginally lower
for the 25% single-tree units than for their
respective clearcut counterparts. Although absolute

turn weights differed between the two sites, within-
site trends between treatment units are surprisingly
consistent. This consistency probably reflects the
experience of the rigging crews and the skill of the
hooktenders in accurately estimating log weights
when making up the turns. Light slash levels in the
25% and 15% single-tree selection units may also
have helped. Hooktenders reported that with less
slash on the ground in the single-tree selection
units, logs were more visible to the rigging crews
and less likely to be missed when setting chokers, so
clean-up yarding was reduced.

The 7.4% decrease in turn weight observed for
the 15% single-tree selection unit may indicate that,
at low removal levels, logs become too scattered for
rigging crews to consistently achieve desired turn
weights, despite crew experience and low slash levels.

Effect of Harvesting Treatment on Skycrane
Productivity and Cost Table 5 shows yarding pro-
ductivities by treatment unit in terms of volume
yarded per flight-hour. These yarding productivities,
estimated from average number of turns per hour
(derived from average turn times in Table 3) and
average volume per turn (Table 4), express the com-

  Average turn weights and volumes for the Sikorsky S-64E Skycrane

Hangover Creek Gregory Creek

Gross turn Change Gross turn Change
Treatment unit weight (kg) (%) weight (kg) (%)

Clearcut

gross weight (kg) 6712 – 6575 –

net volume (m3) 6.79 6.39

50% Patch cut

gross weight (kg) 6819 +1.6 6643 +1.0

net volume (m3) 6.91 6.46

25% Patch cut

gross weight (kg) 6841 +1.9 6687 +1.7

net volume (m3) 6.93 6.50

25% Single-tree selection

gross weight (kg) 6677 -0.5 6553 -0.3

net volume (m3) 6.76 6.36

15% Single-tree selection

gross weight (kg) n/a n/a 6088 -7.4

net volume (m3) n/a 5.88



209

bined effect of harvesting treatment on turn times
and weights. (Average turn times were increased by
2.44% to account for minor in-cycle delays not
related to treatment. This allows yarding produc-
tivity to be expressed on a per-flight-hour basis.)

Compared to the clearcut, the Skycrane’ s yarding
productivity in 50% patch cuts increased by
1.1–2.1%, mainly to slight increases in average turn
volumes on both sites. Yarding productivity for the
25% patch cuts decreased by 0.5–9% because on both
sites modest increases in average turn times more
than offset slight increases in average turn volumes.
Yarding productivity for the 25% single-tree selection
units decreased by 10.2–10.4%, primarily because of
substantial increases in average turn times and, to a
lesser extent because of slight decreases in average
turn volumes. Finally, yarding productivity for the
15% single-tree selection unit on Gregory Creek was
18.5% less than for the clearcut, because of a
substantial increase in average turn time and a
substantial decrease in average turn volume.

Stand and Site Conditions Following Logging

Scarring of Residual Trees Table 6 summarizes the
incidence of falling- and yarding-related scars of any
size on residual live trees in the patch-cut and
single-tree selection units. Scarring levels for corres-
ponding treatment units were consistent between
the Hangover and Gregory Creek sites, which
suggests that the observed patterns are probably
treatment-related. Almost one- quarter (24.8%) of
residual trees in the 25% single-tree selection units
had logging-related scars, compared to 15% of trees
in the 50% patch-cut units, 9.5% in the 25% patch-

cut units, and 6.6% in the 15% single-tree selection
unit. The relatively high incidence and uniform
distribution of scarring in the 25% single-tree
selection units likely reflect the dispersed pattern of
tree removal in this treatment. In contrast, the
concentration of falling and yarding activities in the
patch-cut units resulted in concentrations of
scarring along the edges of the openings, especially
on the lower sides. The lower incidence of scarring
in the 25% patch cuts compared to the 50% patch
cuts reflects the lower removal levels for these
treatment units. The low level of scarring in the 15%
single-tree selection unit may be due to two factors.
First, the removal tended to be clustered rather than
uniformly dispersed as in the 25% single-tree
selection unit. Second, the actual removal level may
have been much lighter than the target of 15% of
basal area.

Snag falling was considered to be responsible for
most of the scarring within the interiors of the leave
areas on the patch-cut units, and therefore was
probably responsible for some of the scarring within
the single-tree selection units as well. However,
although fresh scars were easily distinguished from
older pre-logging damage during post-harvest
surveys, it was difficult to reliably assign causes to
the majority of logging-related scars, and the actual
contribution of snag falling to scarring levels could
not be determined.

Most logging-related scars were relatively small,
with median sizes ranging from about 140 to
170 cm2. Large scars, which for the purposes of this
paper were defined as scars greater than 900 cm2,
constituted a small proportion of the total number
of scars. Interestingly, within each site the percentage

  Volume yarded per flight-hour for the Sikorsky S-64E Skycrane

Hangover Creek Gregory Creek

Volume per flight-hour Change Volume per flight-hour Change
Treatment unit (m3/h) (%) (m3/h) (%)

Clearcut 168.5 – 186.9 –

50% Patch cut 172.2 +2.1 189.0 +1.1

25% Patch cut 167.7 -0.5 179.6 -3.9

25% Single-tree selection 150.9 -10.4 167.8 -10.2

15% Single-tree selection n/a n/a 152.2 -18.5



210

of trees with large scars was similar for the 25% and
50% patch-cut and 25% single-tree selection units,
ranging from 1.7 to 1.9% on Gregory Creek and
from 3.9 to 4.2% on Hangover Creek. The higher
proportion of large scars on Hangover Creek
treatment units is probably due to the steeper, more
broken terrain and therefore more difficult falling
and yarding circumstances on this site as compared
to Gregory Creek.

Ground Surface Condition Table 7 summarizes
post-harvest ground surface conditions for all of the
treatment units. Between 57 and 82% of the ground
surface after falling and yarding consisted of
undisturbed duff and litter layers and large woody
debris such as old windfalls; from 5 to 11%
consisted of natural non-soil components such as
exposed rock, roots, trees, snags, and stumps. The
occurrence of exposed mineral soil resulting from
falling and yarding was very low. In all helicopter-
yarded treatment units, this form of disturbance was
less than natural or pre-harvest levels of exposed
mineral soil (pre-harvest windthrow, exposed gully
sidewalls, and occasional small debris slides contri-
buted to natural soil exposure). Logging slash, the
second largest component of ground cover on the
helicopter-yarded units, was heaviest on the clearcut
units (33.3–36.7% cover), intermediate on the 25%
single-tree selection units (21.7–24.9% cover), and
lightest on the patch-cut units (12.3–16.3% cover).

However, almost all of the slash cover on the patch-
cut units was concentrated in the patch-cut
openings, where slash loadings were similar to those
of the clearcut units.

In contrast to the helicopter-yarded units, the
conventional (grapple-yarded) unit had substantially
higher levels of mineral soil exposure as a result of
falling and yarding (8.0% vs. 0.1–2.4% for the
helicopter units), as well as higher levels of slash
cover and lower levels of undisturbed forest floor.

Estimated Costs of Helicopter Yarding

Yarding Costs Yarding costs per cubic metre for the
Sikorsky S-64E Skycrane are presented for each
harvesting treatment in Table 8. These costs are
based on an estimated owning and operating cost
for the Skycrane of $6220 per flight-hour (see
“Study Methods” for costing assumptions). Note
that these costs are for the logging helicopter only,
and do not include costs for falling, rigging, choker-
retrieval, support helicopter, and chokers. The
estimated yarding costs are calculated directly from
the Skycrane’ s yarding productivities (Table 5), so
the explanations for relative differences and trends
in cost per cubic metre are the same as for yarding
productivities and reflect the effects of differing
average turn times and turn weights for the various
treatment units.

  Scarring of residual treesa in patch-cut and single-tree selection treatment units

Residual trees Tress with scars Trees with scars
surveyed (no.) of any size >900 cm2

Treatment unit Site (no.) (no.) (%) (no.) (%)

15% Single-tree selection Hangover Creek 348 23 6.6 7 2.0

25% Single-tree selection Hangover Creek 330 78 23.6 14 4.2

Gregory Creek 276 72 26.1 5 1.8

Combined 606 150 24.8 19 3.1

25% Patch cut Hangover Creek 223 22 9.9 9 4.0

Gregory Creek 178 16 9.0 3 1.7

Combined 401 38 9.5 12 3.0

50% Patch cut Hangover Creek 279 49 17.6 11 3.9

Gregory Creek 208 24 11.5 4 1.9

Combined 487 73 15.0 15 3.1

a For trees >17.5 cm diameter.
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Estimated Costs of Helicopter-logging for Gregory
Creek To illustrate the typical magnitude of heli-
copter-logging costs, Table 9 shows preliminary cost
estimates for Gregory Creek by treatment unit, for
the complete helicopter-logging system used in this
study. For the purposes of this example, costs per
cubic metre for the rigging, choker retrieval, support
helicopter, and choker categories are the average
costs over the entire study period and are assumed
to be the same for all harvesting treatments. The
falling costs were derived using the following
estimates of daily production (developed from

discussions with fallers): 120 m3 per shift in clear-
cuts; 100 m3 per shift in patch-cuts; and 85 m3 per
shift in single-tree selection cuts. Falling costs also
include the cost of helicopter transport to and from
the falling sites, including standby time for the
period of falling activity before the arrival of the rest
of the helicopter-logging operation.

Under these assumptions, overall costs of falling
and helicopter yarding are lowest for the clearcut
($51.69/m3), intermediate for the patch cuts
($51.99–$53.71/m3), and highest for the single-tree
selection cuts ($56.84–$60.62/m3). For the 50%

  Ground surface condition following helicopter yarding

Ground surface condition

Preharvest Disturbance
Undisturbed exposed resulting from

Treatment unit (%) mineral soil (%) logging (%) Slash (%) Other (%) Total (%)

Gregory Creek

15% Single-tree selection 82.3 4.2 0.7 4.8 8.0 100.0

25% single-tree selection 65.8 2.6 1.1 24.9 5.6 100.0

25% Patch cut 80.5 1.7 0.4 12.4 5.0 100.0

50% Patch cut 80.0 1.8 1.1 12.3 4.8 100.0

Clearcut 57.2 1.1 <0.1 36.7 5.0 100.0

Hangover Creek

25% Single-tree selection 60.8 3.6 2.4 21.7 11.4 100.0

25% Patch cut 75.6 3.0 0.5 12.5 8.5 100.0

50% Patch cut 67.4 3.9 1.6 16.3 10.7 100.0

Clearcut 56.5 0.9 0.9 33.3 8.3 100.0

Conventional yarding

Clearcut 35.6 1.0 8.0 43.5 11.9 100.0

  Yarding cost per cubic metre for the Sikorsky S-64E Skycrane (yarding phase only)

Hangover Creek Gregory Creek

Treatment unit Yarding cost ($/m3) Change (%) Yarding cost ($/m3) Change (%)

Clearcut 36.91 – 33.28 –

50% Patch cut 36.14 -2.1 32.92 -1.1

25% Patch cut 37.09 +0.5 34.64 +4.1

25% Single-tree selection 41.21 +11.6 37.08 +11.4

15% Single-tree selection n/a n/a 40.86 +22.8
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patch-cut unit, the slight reduction in helicopter
yarding cost partially offsets the higher falling cost,
resulting in a cost per cubic metre that is only mar-
ginally higher than for the clearcut. For the 25%
patch-cut unit, modest increases in both helicopter
yarding and falling result in an overall cost increase
of about 4%. Because many of the patches in the
50% patch-cut unit opened onto the clearcut, this
unit is not considered representative for patch-
cutting in general; the results for the 25% patch-cut
unit are probably more representative. Overall costs
for the 25% single-tree selection unit are about 10%
higher than for the clearcut, while costs for the 15%
single-tree selection unit are about 17% higher.
These cost increases are probably realistic and may
be slightly conservative.

Summary and Conclusions

In 1992, the Fish/Forestry Interaction Program
conducted a helicopter-logging trial on two sites in
Rennell Sound on the Queen Charlotte Islands. The
goal of the trial was to evaluate the potential of
using helicopters to selectively harvest timber from
steep, potentially unstable slopes where conventional
clearcutting and cable yarding operations were not
permitted. Harvesting treatments common to both
sites included clearcuts, 0.2-ha patch cuts at two
removal levels (25% and 50%), and a single-tree
selection cut with 25% removal by basal area. A 15%
single-tree selection cut for helicopter logging and a

clearcut for conventional grapple-yarding were
added to one of the sites. As part of this trial, FERIC
studied the operational and economic feasibility of
helicopter-logging on difficult terrain.

A helicopter-logging company with experience in
partial-cutting operations in similar stands perform-
ed the logging operation. The two study sites were
logged between June and November by a Sikorsky
S-64E Skycrane with a rated lift capacity of 9081 kg.
Approximately 17 500 m3 of wood was harvested
from each site. FERIC timed more than 80% of the
helicopter’s turns and used data from the
helicopter’s cycle records and scale summaries to
analyze the effects of clearcuts, patch-cuts, and
single-tree selection cuts on the helicopter’s
productivity and cost.

Relative to clearcuts, average turn times were
unchanged in the 50% patch cuts, and increased
3–6% in 25% patch-cuts, 11% in 25% single-tree
selection cuts, and 13% in 15% single-tree selection
cuts. Turn times increased in patch cuts because of
the need to lift turns above the level of surrounding
trees, while in single-tree selection cuts more time
was required to sight the hooktender, lower the
hook, and set and extract the turn from within
standing timber. Average turn weights were very
similar for all harvesting treatments except the
lightest single-tree removal level, increasing slightly
(relative to the clearcuts) in the 50% and 25% patch
cuts and decreasing marginally in the 25% single-
tree selection units. In the 15% single-tree selection

  Combined falling and yarding costs per cubic metre for the Gregory Creek study site (excludes loading and
hauling phases)

Treatment unit

50% patch cut 25% patch cut 25% single-tree 15% single-tree
Cost centre Clearcut ($/m3) ($/m3) 25% Patch cut ($/m3) selection ($/m3) selection ($/m3)

Helicopter yarding 33.28 32.92 34.64 37.08 40.68

Falling 5.86 6.52 6.52 7.21 7.21

Choker retrieval 4.10 4.10 4.10 4.10 4.10

Rigging 5.20 5.20 5.20 5.20 5.20

Chokers 0.84 0.84 0.84 0.84 0.84

Support helicopter 2.41 2.41 2.41 2.41 2.41

Total cost 51.69 51.99 53.71 56.84 60.62
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cut, turn weights decreased 7.4% compared to the
clearcut. Trends and relative differences in turn
times and weights for the different harvesting
treatments were very consistent both between and
within study sites. The consistency of the results is
attributed to the experience of the rigging crews and
helicopter pilots in partial-cutting operations in
similar stands.

The combined effects of turn time and turn
weight on yarding productivity for the Skycrane
were increases of 1.1–2.1% for 50% patch cuts, and
decreases of 0.5–3.9% for 25% patch cuts,
10.2–10.4% for 25% single-tree selection cuts, and
18.5% for the 15% single-tree selection cut. Relative
to clearcuts, therefore, slight to moderate reductions
in yarding productivity and corresponding increases
in costs can probably be expected with the use of
small, scattered patch cuts, while the use of single-
tree selection cuts will result in larger productivity
decreases and cost increases.

Damage to residual trees in the form of scars of
any size was highest in the 25% single-tree selection
units, intermediate in the 50% patch-cut units, and
lowest in the 25% patch-cut units. Scarring distribu-
tions varied between treatment units as well. Scars
were uniformly distributed in the single-tree
selection units but concentrated around openings,
especially on the lower edges, in the patch-cut units.
However, the frequency of large scars (>900 cm2)
was relatively constant for all treatment units, with
1.7–4.2% of residual trees affected. Disturbance to
the forest floor, as expressed by exposed mineral soil,
ranged from <0.1 to 2.4% on the helicopter-yarded
units, while 57–82% remained undisturbed and
slash covered 12–37%.
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