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ABSTRACT

Soil disturbance and bulk densities were evaluategveral dense conifer stands that were
partially cut with mechanized and skyline loggirygtems on National Forests in western and
northeastern Oregon. Some soil disturbance or aotign was observed on all harvest units,
but varied widely within and among the units. Lostand and site conditions and harvest
planning and implementation probably are importamitributors to the observed variation, and
highlight the need for careful and intensive sangpbchemes to help clarify key differences and
trends. Some contrasts between the harvest systeresapparent, however, with the harvester
plus forwarder system generally producing more cactgd soil area than skyline yarding,
although the latter system was generally more géstblan and operate. The specific effects
and environmental and economic significance ofoteerved disturbance and compaction
requires further research, including the evaluatibinade-offs between potential impacts from
active versus passive management strategies tongtisb diverse objectives.
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INTRODUCTION

Management objectives for federal forest landsie.S.A. have changed considerably in
recent years (Fedkiw 1997), particularly in theif@®lorthwest region. Major reviews to help
direct federal forest policies, such as the Fdeesisystem Management Assessment Team
report (FEMAT) and the Interior Columbia Basin Egstem Management Plan (ICBEMP)
clearly exhibit these changes, with their focusooh issues as maintaining and improving fish
and wildlife habitat and addressing forest heatthcerns. While timber production remains a
consideration on federal lands, its priority hasrbsubstantially reduced and timber harvest has
been more often viewed largely as a tool for adhgwother resource objectives.

Concurrent with these changes in management engphasibeen ongoing development and
expanded use of highly mechanized logging systamkiding both skyline cable and ground-
based systems. Interest in prescribing theseragsba federal lands has increased not only
because of their growing availability, but also dese of perceptions that they are effective in
reducing site disturbance and in achieving otheltipte resource objectives. Verification of
these positive attributes remains somewhat limhegvever, and thus detailed analyses of
operational results provide valuable data for foreanagers and decision makers.



This report offers such findings for some recemtiglcuttings conducted with mechanized and
cable systems on federal forest lands in OregdthoAgh these studies were not specifically
designed for a regional comparison, the contrasites in northeastern and western Oregon
provide an interesting view of the range of caods and management objectives that can be
encountered in the Pacific Northwest U.S.A. Theligs focus on an evaluation of soil
compaction and disturbance from the harvest oparsitiwhich are of concern due to legal
mandates for federal lands to maintain site pradigtand to protect threatened and endangered
aquatic species. Although soil compaction frombimharvest has been studied extensively in
the region (Cafferata 1992, Froehlich and McNab®4)9there has been only limited research
on the soil effects of partial cuttings with mecizaa and cable systems for multiple resource
objectives.

STUDY SITESAND METHODS
Western Oregon

The western Oregon soils research is part of a narger integrated study, the “Young Stand
Thinning and Diversity Project” conducted on theldnette National Forest of the Oregon
Cascade Range (Kellogg et al. 1998). The objedtitkis parent project is to better understand
the environmental and economic effects of thinnjagng conifer stands for the purpose of
increasing stand structural and biological divgraitd accelerating the development of late-
successional forest habitat. The soils investgafibcused on operations conducted in dense,
second-growth forest stands comprised primarilpofiglas-fir (Pseudotsuga menziesii), located
on the Oakridge Ranger District approximately 20northeast of the town of Westfir (Allen
1997).

The skyline harvest units were located in an afeaaulerately deep, generally well-drained,
loamy soils with slopes averaging 25 percent (maxmn60 percent). The conifer stands
averaged about 500 stems per ha with a mean diaatdieeast height (dbh) of 26 cm. Cutting
prescriptions for the stands were: (a) 0.20 harclga spaced 100 m apart with the rest of the
area thinned to 250-270 stems per ha, and (b) hawying to 125-135 stems per ha. The
skyline system included a small, trailer-mountedr@m yarder and a mechanical slackpulling
carriage. Skyline corridors were identified andkea prior to felling, and were spaced 30-45 m
apart in both parallel and fan-shaped patternsnudby felled and processed trees were
primarily yarded uphill, using tail trees and a fewermediate supports to provide at least partial
log suspension. Yarding occurred from Novembesubh August, over dry to wet soils and
over a light snowpack in some cases.

The mechanized harvest units were located abouat frdm the cable units in an area of deep,
well-drained, loamy to silt loam soils with an aage slope of 5 percent. The stands averaged
685 stems per ha with dbh’s ranging from 33-58 &rcause wet weather resulted in high soil
moisture conditions that led to the suspensiom@ging, only one unit was available for post-
harvest sampling during the study period. Themgtprescription for this unit was the same as
(a) above, i.e., 0.20 ha clearcuts spaced 100 m a&jih the rest of the area thinned to 250-270



stems per ha. Felling, processing, and yardingoeaducted with a cut-to-length (CTL) system
that used a single harvester-forwarder combinatitime harvester was a tracked carrier with a
boom and hydraulic harvesting head, with a to&ticgground pressure of 54 kpa. The
forwarder was an eight-wheel drive vehicle with gmotracks” on the rear tires; front and rear
ground pressures were estimated to be 48 and 26rikpaded, and 56 and 72 kpa loaded.
During this study the average load and diameteew@rpieces and 33 cm. Both machines
traveled on designated skid trails that were flagoyethe operator and spaced about 18 m apart.
Delimbing and bucking took place on the skid tmaifront of the harvester such that both it and
the forwarder traveled over many tops and limbs.

Because the CTL units had been previously logge; hkely with heavy tractors, it was
important to characterize soil compaction and distoce levels prior to the new cuttings on
these units. The skyline units also had been ldgget this was done using cable or other
methods that left no apparent disturbance or cotiggacSoil compaction was evaluated with a
dual-probe, nuclear densimeter that allowed diiield measurement of soil bulk densities at 10
and 20 cm depths. Soil disturbance levels and art@nt were assessed concurrently with the
density sampling, using categories that includedisiarbed, compacted, mixed, exposed,
scalped and rutted. In addition, sample pointskith roads were identified as either rut, berm,
or center.

On the skyline units, soils were assessed in flagable corridors prior to felling. Within 45 m
of the landing, bulk density sample plots were splatS m apart along the corridor to more
intensively examine the zone where the greatestgdsmwere expected from logging; beyond 45
m the plots were spaced 60 m apart. Each plotistensof 3 bulk density samples, the first
taken at plot center, the second 3 m from the c¢titis also was the edge of the corridor
clearing), and the third halfway to the next catmeridor or a maximum of 30 m. The second
and third sample points were on an azimuth perperatito the corridor, with the direction of
these azimuths alternating to opposite sides dbemorridor.

Two soil sampling schemes were used on the CTlIsurlihe first located plot centers by
randomly selecting points on a full grid coveriragk unit, then using a random azimuth and
distance offset from the selected grid points;dtwgets of soil measurements were taken on
equally spaced azimuths (120 degrees apart) radiétm out from each plot center. The second
sample scheme consisted of a subsample of oldrskisl for measurement, which were

identified as the nearest trail section encountbmand the 6 m radius of the first type of
sample plot. After testing for significant diffex@es using standard statistical methods,
compaction and disturbance data for both the s&ydimd CTL units were converted to areal
estimates.

Northeastern Oregon

Like the western Oregon research, this investigasgart of a larger study of a series of partial
cuttings on the Wallowa-Whitman National Forestha Blue Mountains of Oregon (Mclver
1998). The objective of the larger project is valaate the economics and environmental effects
of harvest treatments designed primarily to redireehazards in overstocked stands containing
large amounts of dead, dying, and down trees. slity was conducted on Limber Jim ridge,



on the La Grande Ranger District about 15 km soaghwf the city of La Grande. Prior to
harvest, the stands contained diverse speciesatygfithe higher elevation, mixed conifer
forests of the region, including lodgepole pinen(Ri contorta), subalpine fir (Abies lasicarpa)
and western larch (Larix occidentalis).

Six harvest units (2.6-9.7 ha) were studied, wittrsggenerally moderately deep, well drained
silt loams developed in a surface mantle of volcash, with a few patches of cobbly loams that
are shallow to basalt bedrock. Slopes ranged freanly flat to about 20 percent. Stand
densities ranged from 240 to 410 stems per hectétte average diameters from 24 to 29 cm
dbh. Fuel loadings in these stands were amonbi¢fest observed in this general area, with
and average loading of 125 tonnes per hectare amakanum of 180 tonnes per hectare.
Although specific prescriptions varied somewhatwittdividual stand conditions, the general
objective was to substantially reduce the standmdjdown material over 2.4 m in length and
between 10 and 40 cm, large-end diameter. Grees twith over 30 percent crown were left
(except where they directly interfered with haruegy, as well as standing and down dead wood
over 40 cm in diameter.

Three harvest units were skyline yarded using agwarder with a 13 m tower and a motorized,
slackpulling carriage (Doyal 1997). Skyline coaid were identified and marked prior to felling
and were oriented in both parallel and fan-shagtéms depending on terrain and landing
location. Uphill, downhill, and relatively flat ap yarding occurred, using tail trees and some
intermediate supports to to provide at least pddgsuspension. Yarding began after snowmelt
allowed road access to this area above 1500 mtelayand extended from June to October,
with soil moisture levels declining significantlyer this general dry season.

All felling and bucking was conducted with a tradkeydraulic excavator equipped with a 9m
boom and single grip harvesting head. The harvesaele single, parallel passes about 45 m
apart throughout each harvest unit, cutting, preiogs and bunching the stems for subsequent
yarding along identified corridors. Tops and lingenerated by the processing were oriented in
the direction of machine travel to help protectsbé from disturbance and compaction.
Forwarder yarding followed on the harvester trailegreas the wider spacing of skyline
corridors (about 90 m apart) usually resulted raevester-only trail between corridors.
Ground-based yarding was conducted on three haunéstdirectly adjacent to the skyline units,
using an 11 tonne, six-wheel forwarder.

Due to an equipment problem, soil bulk densitiesawet measured prior to harvest. This was
considered not a serious limitation because thdystvea generally had not been affected by
historical logging. Post-harvest soil effects wesimated with a stratified sampling design that
considered: a) yarding corridors or trails, b)agrbetween corridors or trails and c) areas that
appeared undisturbed. Sample plots for corridodstenils were located every 38 m, and in
forwarder trails separate measurements were takeail ruts and centers. Areas between trails
were located in a random direction from each phat. At each sample plot a visual assessment
of soil displacement was made, using the USDA RE@esvice Region 6 standard: 9.3 square
meters of displaced soil at least 1.5 meters wabdserved within 1.5 meters of the plot. Soil
compaction was determined by soil bulk density mesments with a nuclear densimeter, using



samples from areas between trails that had no eppdisturbance to establish a baseline
density.

RESULTSAND DISCUSSION

It is important to preface the discussion of obsdrsoil effects by noting that soil disturbance
alone does not necessarily result in reduced sit@yetivity or other environmental impacts. In
fact, certain types of disturbance (e.qg., soil mgpican sometimes have a positive effect on
forest regeneration, at least in the near termusTtetailed classification of soil disturbance is
very important, and should include more specifatidction between altered soil characteristics
and documented damage to forest productivity oerathsource attributes (Abeels 1995). In our
studies, the collection of both soil disturbancd balk density data was intended to provide
such distinction, particularly given the documenteldtionship between soil density and
seedling and tree growth in the Pacific NorthweS.A (Cafferata 1992, Froehlich and McNabb
1984).

Western Oregon

The mechanized harvest units showed significaratsané visible soil disturbance (13-27 percent)
from historical logging, and a notable proportidritos area (6-10 percent) had significantly
higher bulk densities (p<0.10) than locations jutlgebe undisturbed (Table 1). The disturbed
areas were primarily old skid trails, which weredewnt from visible ruts and berms as well as
local changes in the productivity and type of gwegetation. Soil bulk densities in the old

skid trails were generally at least 10 percent &éighan in undisturbed areas, although the
densities varied considerably among trail rutsteerand berms. The observed area, degree, and
persistence of compacted soil conditions supporége concerns about potential site

productivity impacts, particularly when there araltiple harvest entries that may add to the
extent or degree of compaction.

Although the operators used designated trails agr@ wmstructed to locate these trails on old
trails wherever possible, the area of both distidoed compacted soil substantially increased
after the harvester and forwarder operations (Tapldt is likely that few of the old, randomly
oriented trails were suitable for use with the egsdtic, mechanized harvest. In addition, the 60-
foot trail spacing needed to accommodate the re&ttte harvester would be expected to lead to
at least 12-13 percent of the harvest area covenethchine trails. The forwarder traffic
probably was the most important contributor todbserved soil disturbance and compaction,
because the harvester typically made only 1-2 pas@er a given trail and the duff generally
remained intact. In addition, some selected sedsnrements (Allen 1997) revealed only small
and statistically insignificant differences in bulensity between harvester-only trails and either
undisturbed areas or old skid trails.

After both harvester and forwarder traffic, soillbdensity in the machine trails was about 12
percent higher than in the undisturbed areas. deoisities did vary across the skid trails,
generally being highest in the ruts and trail centénterestingly, the recent mechanized harvest
traffic apparently did not significantly increagetdensity of old trails that were reused,



although there was only limited sampling of thiedfic situation. In addition to the notable
persistence of soil strength associated with theeased bulk densities from the historical
logging, this may reflect differences in vehiclespes, ground pressure and disturbance between
the heavy vehicles and large log sizes in theagdihg and the newer equipment and smaller
timber.

As mentioned, historical logging on the skylinetaneft no apparent legacy of soil disturbance
and compaction. After the recent skyline loggisg| disturbance and compaction also was very
limited, with disturbance not exceeding 2 percdrihe harvest unit areas and no statistically
significant differences (p<0.10) in bulk densitysebved between disturbed and undisturbed
areas (Table 1). The latter was true even for $ssrfpom the center of the cable corridor, where
slightly higher densities were generally observed.

Soil disturbance clearly was concentrated in th®eceorridors; no disturbance was observed on
any sample transects between corridors. Poseietionships were observed between total soil
disturbance and both cable road length and woaahwelyarded, likely due to more variable log
suspension and generally increased opportunitregigturbance with more log turns. The most
common disturbance was mixing of mineral and organil horizons, which likely has little or

no negative impact. Areas of exposed and ruttédveoe small, discontinuous and usually
occurred within 150 feet of the landing, which darly alleviates concerns about potential
erosion and sedimentation problems.

The soil disturbance and compaction observed #feemechanized logging raises some
important questions about potential effects onmiteluctivity. Although relatively extensive in
area, soil disturbance appears to be a lesserasstieese generally level sites where significant
soil displacement or runoff and erosion are unjikdmpacts of compaction on the productivity
of residual trees in thinned stands have been dented in the region (Cafferata 1992,
Froehlich and McNabb 1984), but such evaluatioescamplicated by the confounding effects
of stem release by the thinnings and the speai#ia and proximity of compaction relative to
individual residual trees. The observed degremofpaction (12 percent increase in bulk
density) on these sites also is at the low entd@fange of levels that can produce discernible
effects on tree growth. Thus, a very carefullyigiesd monitoring effort that includes several
years of post-harvest soils and tree growth daganaeded to provide a clearer picture of the
specific effects of compaction, particularly at gtand level.

Northeastern Oregon

Both the harvester plus forwarder and the harvexdterskyline logging systems produced
significant areas of soil disturbance (in this cdskned primarily as displacement) on the
harvest units, although these levels varied fram &3 percent (Table 2). Some disturbance on
all the units was expected because all experiemmaéit from the harvester operations, although
most disturbance was concentrated in the skylimedors and forwarder trails. The relatively
high disturbance seen on two of the skyline urd843 percent) was somewhat surprising, but
on Unit 16 with the highest disturbance it may betlg explained by the fact that this unit was
yarded in a distinct fan pattern, which often letalgreater soil disturbance near the landing.



On this specific unit there also was some condeaihthe limited sampling intensity may have
biased the average unit disturbance towards avalgte.

Unit 11, which was relatively flat, showed the leaeal disturbance with both the forwarder and
skyline systems (Table 2); the latter result maybe to the relatively low corridor density on
this site, as well as the extensive use of interatedgupports. Although small in area,
disturbance on this skyline unit was often in thenf of relatively deep ruts along the cable
corridors. On the forwarder units, the heavy skgaherated by the harvester probably helped
limit soil disturbance from the forwarder traffig broviding some additional physical

protection. This unit had the highest wood volupvesich probably contributed to both heavy
slash and much natural woody debris and duff orstilesurface.

Neither the harvester plus forwarder nor the hdergdus skyline logging systems produced
statistically significant differences (p<0.10) imilsoulk density among the three sample strata
(i.e., yarding corridor, between corridor, undisied) on any of the harvest units (Table 2). This
is not to say that soil compaction did not occarfact, the large variability in bulk density

values observed in both disturbed and undisturbédample populations very likely helped
mask the appearance of significant differencesgusiandard methods for statistical comparison.
More intensive soil sampling of each strata or easurement of the same sample points before
and after harvest probably would have improvedatnility to distinguish some actual
differences, but also would have added signifitemé¢ and expense due to the size and number
of harvest units.

The occurrence of some compaction, at least ofotiaarder units, is suggested by regression
analysis of soil bulk density values with distafrmen the landing. Such analysis shows the
expected association, i.e., higher densities ifstcéosest to the landing (Figure 1) where more
vehicle passes would likely result in greater coatipa than farther out on the logging unit.
Another estimate of compacted area on the harvets, wsing the USDA Forest Service Region
6 standard, is shown in Table 2 (parentheticaleslu Although the statistical validity of these
values is questionable, they do follow the expepttern, i.e., there appears to be little or no
compaction on the skyline units whereas the foresmuhits show some higher compaction
levels.

Although soil compaction appeared to be relativialyted on most of the study units and thus
not a major concern, the observed degree of silidiance raises some significant questions
about potential effects on- and off-site. Som¢hefanswers may be provided by additional
studies now underway to assess the effects ofahebts on soil biota, as well as on the growth
of the residual forest stands (Mclver 1998). Beeasbome concerns were raised about possible
erosion from the harvest units, a series of phototp was used to identify visual evidence of
sediment transport beyond the lower boundariesci @arvest unit. This evaluation showed
that a small amount of sediment was produced duhegear after harvest, but it remained
within the units and was highly localized, excepskyline corridors and along roads, where
some very limited off-unit movement was seen. drcase did any sediment reach a defined
stream channel.



The experience on these sites revealed both emreotal and economic trade-offs between the
two harvest systems that were studied. In gengralharvester plus forwarder system produced
more soil compaction, whereas the harvester plyssksystem produced more soil disturbance.
The high operating cost of the skyline system ats@iributed to an average net revenue loss of
US$1183 per hectare versus a net income of US$2ith&he forwarder system (Drews et al.
1998). Both harvest systems were successful ire@cdgy reduced fire hazards by removing at
least 50 percent of the pre-harvest fuels (Mch@838). Thus, it is important to also consider the
environmental and economic trade-offs between #redst treatments and the potential impacts
of tree mortality and wildfire, including both thest value of wood products as well as the
potentially serious erosion and sedimentation it occur in mountainous terrain. The latter
is an especially important consideration where maggources are a major concern, as some of
the highest rates of erosion and sedimentationregerded in the Pacific Northwest have been
observed following wildfire (Helvey 1980).

CONCLUSIONS

Both mechanized and skyline harvest systems wegrabda of producing significant soil
disturbance or compaction when used for partiapcescriptions in dense conifer stands for
multiple resource objectives in western and nogteza Oregon. Not surprisingly, the harvester
and forwarder systems generally produced greatapaction than skyline yarding. However,
both compaction and disturbance varied consideralgng harvest units, which suggests the
important influence of local site conditions as has of the harvest planning, layout, and
implementation. High variability among the compactand disturbance measurements also
shows the importance of sampling design and intyfsi monitoring and research programs to
clearly evaluate harvest effects. Moreover, adddl research is needed to more carefully
identify the specific effects of harvesting-relatadl changes on other important forest
resources, particularly soil disturbance that enasses many types of changes that are capable
of producing positive, negative, neutral or compéects.

Clearly, modern mechanized and skyline harvesesystare not a panacea for avoiding soil
disturbance and compaction, but they do show pm@miseducing the area and degree of these
changes, particularly when carefully planned anpléemented. Where soil compaction remains
significant after historical or current harvest) sittage with equipment suitable for challenging
forest conditions has been shown to be a viablewpor ameliorating the compacted condition
(Andrus and Froehlich 1983) in major trails anddiawgs that will not be soon used again. In
addition, some limited site impact may be a reatenmade-off in efficiently achieving other
benefits of forest management, which can includeemmnomic values and reducing the risk of
events (e.g., wildfire, insect and disease outlgetilat can result in substantially greater
environmental and economic impacts.
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Table 1. Soil disturbance and compaction beforkadter mechanized and skyline harvesting,
Willamette National Forest, Oregon, U.S.A.

Harvest Unit Treatment % Area Disturbed® | % Area Compacted®
81 Pre-New 27 6
Harvesting
82 Pre-New 13 10
Harvesting
82 Post-Harvester 38 31
& Forwarder
86 Post-Skyline 0.9 0
Yarding
88 Post-Skyline 1.8 0
Yarding
89 Post-Skyline 0.4 0
Yarding

%ld or new harvest-related disturbance
bsignificantly different (p<0.10) bulk densities tveen disturbed and undisturbed areas

Table 2. Soil disturbance and compaction beforkadter mechanized and skyline harvesting,
Wallowa-Whitman National Forest, Oregon, U.S.A.

Harvest Unit Treatment % Area Disturbed® | % Area Compacted®
4-F Post-Harvester 8 0 (7)
& Forwarder
11-F Post-Harvester 5 0 (32)
& Forwarder
16-F Post-Harvester 18 0(3)
& Forwarder
4-S Post-Harvester & 23 0(1)
Skyline Yarding
11-S Post-Harvester & 5 0 (0)
Skyline Yarding
16-S Post-Harvester & 43 0 (0)
Skyline Yarding

8USDA Forest Service Region 6 standard for soil ldisgment (see text)

bsignificantly different (p<0.10) bulk densities tveen disturbed and undisturbed areas; amounts
in parentheses are non-statistical estimates lmsetiserved individual density measurements
that exceeded the USDA Forest Service Region @latdrfor ash-derived soils (i.e., a 20

percent difference in bulk density compared witkdisturbed soils)



Figure 1. Relationships between soil bulk densitgt distance from landing on two partial cut
units logged with a harvester and forwarder, Wadlawhitman National Forest, Oregon, U.S.A.
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