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ABSTRACT

Qroundskidding logging systems disturb a larger pfoportion
'of-the-cutovey area‘than‘cable or aerial ‘logging systems.
Reéearchers have éhown soil disturbance is strongly linked
to accelerated soil erosion and to poorer regeneration and
slower growth of trees. As a result the desirability of
using groundskiddiné systems has been questioned in some
‘ regians, includihg”the Nelson Forest Region of southeastern

British Columbia.

To ihVeStigate this Cbncern; exposed minera1 soi1 was
measured on twenty-five‘groundskiddgd and six cable—yarded
clearcuts in the Nelson Forest Region. Haul roads, landings,
skid roads and off-road (yarding)»occurrences’were included
in thé‘;ﬁrveys; Groundskidding'caused significantly more
soil disturbance than céﬁle logging. Average mineral spil
-exposuré‘was 45.4% (range 28.8 to 65.0%) on summer ground-
skidded blocks; 40.4% (range 13.7 to 52.6%) on winter ground-
skidded blocks; 29.5% (range 21.5 to 39;9%) on summer-cable—
yarded blocks; and 22.3% (range 12.3 to 28.4%) on wintér

cable-yarded blocks. v - R



Q,

Skid roads were responéible for most disturbance on. ground-
skidded clearcuts while haul roads were the largest single
source on cable- yarded areas. Haul road- and yardlng—
related dlsturbance levels were similar for both 1ogg1ng
systems Landlng related dlsturbance, a minor component of
total disturbance for both logglng systems, was somewhat

]
greater on groundsk1dded blocks than on cable- yarded blocks

Summer groundskidding generated more very deep'(19.2%)'thén
deep (16.2%) or light (10.0%) disturbance, while winter
groundskidding generated pore deep (16.1%) than very deep

(13.6% ) or light (10.7%) disturbance. ‘Summer cable-yarded

a sites were characterlzed by more light (15.1%) than very

deep (8 9%) or deep (5.5%). disturbance, whereas winter
cable-yarded sites showed an oppos1te trend: more very deep
r(l4 3% ) than light (4. 3 ) or deep (3 7%) disturbance. The |
_high level of light disturbance on summer cable yarded sites
was associated with a high level of yardlng-related distur-
"Bapce, while on winter-logged sites the high ievel'of very
deep disturbance to:responded to a high level of haul road-

o

related disturbance.

»,Depth of dlsturbance correlated strongly with source of

disturbance. Haul roads and 1and1ngs generated mostly very



deep disturbance and little Ight distarbance. Yarding

~disturbance was usually light.

Season of logging had ao'eignificant effect on soil distur-
bance levels or depth distributions for either logging
system. Soil disturbance correlafed weakly with slope
steepness as well' with only isolated significant effects:
skid roads generated more soil dlsturbance on moderate and
steep slopes (steeper than 20% ) than on gentle slopes (1ess
than 20%), while 1andings caused less disturbance on steep
slopes (40%+) than on, gentle and moderate slopes .(up to

40%) . Also, skid roads appeared to generate more Vvery deep
and less light disturbance as slope steepness increased, but

no-similar trends were noted among other disturbance sources.

lSkid_road surfaces on two groundskidded sites were sampled
for pH, carbon contents, bulk densities, particle-eize‘
diStributiens and infiitration rates of surfaee soils, and .
were compared to adjacent undisturbed surface soils and
subsoils. Skid road surfaces resembied subsoils more than
surface soils in moet respects, being characterized by |

higher pH, higher bulk density and reduced short—term

(fifteen-minute) infiltration rates than surface soils.

Vi



- ACKNOWLEDGEMENTS

)
\

During the coﬁrse of this study encouragement, advice and
assistance was given to me by.éeveral groups and individuals. .
.My sincére thanks and appreciation are extended to the '
following: |

To the Forest Engineering Research Institufe of Canada
(FERIC) and its Western Division Manager G.V. Wellburn, for
providing the study opportunity and for sponsoring the
necessary field Qork; o A"
o

To Eric Phillips, Research Technician with FERIC, and Jane
McDonald and Evelynne Wrangler, formerly with'FERIC, for
their able assistance during the field'sﬁrveys; to Paul Tse
of FERIC fof his assistance with programming and data anal-

ysis; and to Maye Soto of FERIC for typing this manuscript;

To foresters éndllogging superfisors in both the private and
public sectors in the Nelson Forest Region, for their co-

operation and advice during the field surveys;

\

vii



)

To Dr. R.B. Smith, Forest Ecologist of the Pacific Forest
Research Centre, Victoria, and his assistant Ed Wass, for
thought-provoking discussions in the field; and to the

Canadian Forestry Service, pacific Forest Research Centre,
e

for providing equipment and assistance for laboratory soils

PN
LT '

analyses; ‘ Sl
: . N
To the National Research Council of Canada, for financial

support‘while attending Ehe University of Alberta;

To my thesis advisors, for their considerable patience and

support during the preparation of this thesis;

And finally 1 extend my sincere gratitude to my good friend
Ingrid Hedin, for her continued interest, encouragement and
assistance with the field work, data analysis and thesis

* preparation.

viii \

Y%



ABSTRACT

3 [QO I NS I o]
[T QNI )

W W
[SS I ol

TABLE OF CONTENTS

ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF TABLES

“LIST OF FIGURES

- INTRODUCTION
LITERATURE REVIEW: TIMBER HARVESTING

AND- SOIL DISTURBANCE ,

Timber Harvestlng and Soil Dlsturbance
Timber Harvesting and Soil Compaction
Timber Harvesting and Soil Erosion
Summary of Literature. Review

' METHODS

Backgrbund
Soil Disturbance Surveys

3,2.1. Selection of Study Sites

3.2.2. Survey Methods

3.2.3. Stat15t1ca1 Methods

Ana1y51s of So11 Properties on Sk1d
‘Road- Surfaces :

3.3.1. Selectlon of Study Sltes
3.3.2 Study Methods"
(a) Selection of Soil Parameters
(b) Field Methods
. (c) ‘Laboratory Methods
3.3.3. Statistical Methods

ix

PAGE

iv

vii

1x

xii

Xiv

10

10
20

25

35
37
37
39

39

40

44 .

46

46
46
46
47
52
52



4,

RESULTS

4.

1.

4.
4

IO N N S
[ ] L] . L) [ ]

Descriptions of ‘Study Areas

1.1. Soil- Disturbance Surveys
1.2 Skid Road Surveys B

Resultsjof Soil Disturbaﬁce'Surveys

(a) . Effect of Slope on Depth
' Distributions
4.2.6. Source of Disturbance
(a) General -
- (b) Variation With Logging

Method
‘(c) Variations in Depth
Distributions T
(d) Effect of Slope on Source
Distributions

Results of Analyses and Comparisons
of Soil Properties on Skid Road

Surfaces

3.1. Soil pH.

3.2. Soil Carbon Content

3.3. Soil Bulk Density:

3.4. Soil Texture (Particle-Size
Distributions)

3.5 Fifteen-Minute Infiltration
Rates

4.3.6. Rill Erosion

4,2.1. General
4.2.2 Effect of Logging Method on
- Soil Disturbance )
4.2.3. Effect of Season of Logging on
. -'Soil Disturbance
4.2.4. Effect of Slope on Soil
‘ Disturbance
4.2.5. Depth of Disturbance

" PAGE.

ssm‘

53

53
56 -

- 60
60
66
67 -

70
75

77
82
82
84
86
97

102

103.
106

. 106

110

111
1114



4.4. Discussion

P~

.4.1. Review
4.2 Comparisons Wlth Other
Researchers
4/4.3. Implications of Soil Dlsturbance
’ to Forest Managers ,
4.4.4. Options For Minimizing the
Detrimental Effects of Soil

: Disturbance
(a) Use of Alternative Logglng
Systems

(b) Modifications or Improve-
ments to Existing Methods

(c)' Rehabititation of Severely-
DlSturbed Sites

5. SUMMARY AND. CONCLUSIONS

5.1. Summary
5.2 Conclusiomns
6. RECOMMENDATIONS

LITERATURE CITED o o .

APPENDIX I: Coples ‘of Letters From District
Forester, Nelson Forest District, to All
T.F.L., T.S.H.L., T.S.L. Licensees and
Consultants T o

APPENDIX II: Physical Descriptions of Cutovers
Surveyed for Soil Disturbance

APPENDIX III: Soil Dlsturbance Surveys Tables.
of Raw (Percent) and Transformed (Degree)
Data Used For Analysis of Variance Comparisons

APPENDIX IV: Soil Disturbance'Surveys: Summary
,of Statistical Analyses. ' ’

APPENDIX V: Summaries of Analyses and Comparlsons

of Soil Properties on Skid Road Surfaces

APPENDIX VI: Descriptions of Cable Logglng Systems

o xi

140
141
145
149
154,

154
160

163

' 166

180

184

186
191

20z
212



TABLE

10

\f !
|
LIST OF TABLEE

R

- - ' o PAGE

Summary of soil disturbance

(in percent) on surveyed clearcuts. ' 61

Analysis of Varian&e - cable yarding
versus groundskidding on slopes >20%. 63

Analysis of Vari nee - sﬂﬁmer Versus
winter. groundskidding on slopes <20%,
20% to 40%, and >40%. o 64

Trends in soil disturbance with . )
increasing slope on summer and winter . 3
groundskidded clearcuts. ~ 72

Distribution of soil disturbance by
slope and depth class for summer and
winter groundskidded clearcuts. ‘ 7.8

Distributioﬁ of soil disturbance by
source “and depth class. _ : 87

Comparison of soils on Quartz Creek

and Rock Creek study-sites. 104

Results of Newman-Kuels Range Test
for soil/bulk density versus locat-on
in a skid road cross-sectiomn. © 110

Comparison of fifteen-minute head

losses for on-road and off-road

positions, Quartz Creek and Rock ;
Creek. : 114

Summary of rill erosion measurements
for Quartz Creek and Rock Creek. 115

x1i

r



TABLE  PAGE

11 Comparison of mineral soil exposure
generated by groundskidding, cable and
aerial logging systems in British

Columbia and northwest United States. 121
12 Comparison of studies giving soil dis-

turbance as a percent of logged area

by source. s . 128
13 Comparison of depth-of-disturbance ,

distributions by source. 130
14 Bomparison of the effect of logging’

traffic on soil bulk densities. 133

xiii



FIGURE

1

2

10

11

LIST OF FIGURES

Forecst Regions of British Columbia.

Soil disturbance survey transects On
a groundskidded clearcut.
Examples of light, deep and very deep
soil disturbance. ‘

a. Light disturbance (skid road).

b. Deep disturbance (skid road).

c. Very deep ‘disturbance (skid road).

Cross-section of a skid road on a
50% slope.

Locations of clearcuts surVeyed'for
soil disturbance and skid road
characteristics, Nelson Forest {Region.

Study sites for soil properties
evaluation. -

a. Quartz Creek. .

b. Rock Creek.

‘Contribution by source'to average total.

soil disturbance for summer- and winter-
logged, groundskidded and cable-yarded
sites. : :

P

Plot of total soil disturbance against

slope class for summer and winter
groundskidded sites.

Distribution of average total soil dis-
turbance by depth class, all sources,
for summer- and winter-logged, ground-
skidded and cable-yarded sites.

Distribution of soil disturbance by
depth class for summer and.winter
groundskidded sites, all ‘'opes.

Trends in light, deep and very deep soil
disturbance with increasing slope on
summer -and winter groundskidded sites.
a.  Summer.

. b. Winter.

Xiv

PAGE

38
11

43
43
43
43

48
54
57

57
57

62

71

76

79

81
81
81



FIGURE

12

13

14

15

16

17

18

19

20

P21

22

23.

Distribution of

depth class for.

Distribution of
depth class for

Distribution of

depth class for

Distribution: of
depth class for

soil disturbance
haul roads.

soil disturbance
landings.

soil disturbance
skid roads.

soil disturbance
yarding.

by

by

by

by

Trends in light, deep and very deep
soil disturbance, by source, with
increasing slope on summer and winter
groundskidded sites.
a. Haul roads.

b. Landings.

c.  Skid roads.

d. Yarding.

3

2

Comparison of soil pH measurements for
Quartz Creek and Rock Creek soils. '

Comparison of soil carbon contents for -

Quartz Creek and Rock Creek soils.

Comparison of soil bulk densitieé for
Quartz Creek and Rock Creek soils.

Soil particle-size distributions for
undisturbed surface and skid road
surface soils, Quartz Creek and Rock
Creek sites.

Yarding gougés resulting from poor
deflection.

"Haul roads planned and located to access

several-clearcuts.

Comparison of random and pre-located

skid road networks.

a. Skid road network not preplanned.

b. Skid road network preplanned and
pre-located prior to logging.

xXv

4

PAGE
89
91
92
93
99
99
99

99
99

105
107

108

112
144
146
148

148
148



1. INTRODUCTION

Soil disturbance, the exposure of mineral soil by\mechanical
action, is a normal consequence, and sometimes a desirable
\\objective, of timber harvesting. Scarification, for example,
1s routinely prescribed to prepare cutover sites for natural

‘regene* "~n or planting. It is also recognlzed however,
\ A\

\ - .
that s _sturbance can have detrimental impacts on some

//H'

forest sites. Soil erosion, sedimentation,‘and losses 1n
site nroductivity'are probably the most frequently-cited
impacts. Researchers generally agree that‘the potenfial for
soil erosion to occur, if not the actual rate of erosion,
increases as the extent of soil distufbance increases.' A
‘substantial body of litefature also demonstrates that tree
growth on some disturbed sites may be 1mpa1red by compactlon
or other alteratlons to the phy51ca1 and chemical propertles
of the soil. As a result of these concerns, many sc1entlsta
and foresters have promoted the reduction of soil distur-
bance as an 1mportant goal of forest management arguing

that the potential for harmful 1mpacts W111 be reduced

%
\,

accordingly. , | | 4

1

Although soil disturbance may suggest certain impacts, its

value as an index or predictor "of the type, magnitude and



severity of these impacts is not clear. It is an appealing
index because it can be relatively easily and objectively
measured, whereas environmental impacts are diffichltrta'
quantify. Hdwefer, the processes that link soil disturbance
to losses in site quality are complex and cannot be adequately
described by soil exposure alénef Soil erosion varies not'
only with mineral soil exposure, but also soil, topographic
and climatic factors. Changes in site productivity are also
the result of complex interactions between physical and
chemical properties of the soil and the hydrologic and

climatic characteristics of the site.

Despite these limitations, soil disturbance has been widély
used by many researché}s as a criterion to assess‘tﬂé rela-
“tive environmental impacts of aerial; cable and ground-
skidding logging syétems._ With few exceptions'comparisons
between logging systems have been made oﬁ thé bas.» of the
total area disturbed without regard for differences in cause
or severity of disturbance. Using this indek of total soil
disturbaﬁée, mosf of fhese studies have suggested that
groundskidding‘logging methods cause greater impacts than
_aerial or cgble methods}' These findings have helped to
entrench the opinion that aerial éﬁd cable-yarding systems.

arewinherentiy superior to groundskidding systems in terms



i

. ) . \\
of their environmental effects. They have also been cited
as evidencé in support of'propésals.to restrict or abolish
logging by éroundskidding methods in some'regéons.
Comparison§ that are-based primarily oT entireiy on ‘extent
of soil disturbance, and particularly on totalzsoil distur-
bance, usually leave many important related questions un-
resolved. First, how meaningful are the results? Most "
comparisons are based on only a few logged areas and statis-
tical analyses are lacking. Also, phyéical descriptions and
details of the logging histories of the study sites vary in
quality.' This.makes it difficult to determine whether or
not the sampled areas are truly representative of average

logging conditions and practices for the region.

Secondly, is the soil disturbance caused by cable or aerial
logging methods inherently different (aside from areal
extent) from that caused by groundskidding? In terms of the

processes that contribute to soil dist. ~bance, felling and

road construction are common to all logg. ~=thods; pfoper-
ties of soi}ldisturbance associated wit: * sources are
not likely to Vaf& much between logging sVYsS However,
groundskidding systems differ from cab_e an” . -~ syr-tems

in the yarding process, using tractors or ~ubi: et



skidders to transport logs from the stump to the landing.

On sloping ground these vehicles operate‘on skid trails,
which constitute an additional source of disturbaﬁce‘not
associated with most cable or aerial systems. There is
strong evidence linking skid road-related soil disturbance
to detrlmental 1mpacts such as soil erosion, compactlon, and
reduced tree seedling vigour and survival. Wh11e it is |
clear that skid roads are therefore a source of additional
(and potentiélly detrimental) disturbance, the significance
of thlS increase 1is less obvious. It is necessary to deter-
mine the proportions of total soil dlsturbancé attributable
to haul roads, landings,‘skid roads and yarding activities
in order to put the rdle of skid road-related disturbance,

and therefore of groundsklddlng systems in general, into

proper perspectlve.

Finally, how readily can the results from one area be
extrapolated to other regioﬁs? Soil disturbance information
is available for a variety of climatic, topographic and
edaphic settings, but its usefulness is limited by differ-
ences: in sampling methods, measurement criteria and defini-

" tions among the studies.



This thesis attempted to address thgse questions in an
investigatioﬁ of the occurrence, distribution and depth of.
soil disturbance on cutover areas in the Nelson Forest

;Region of southeastern British Columbia.’ Gfeater public
awareness of environmental issues coupled with the forest
industry's increésing dependence on timber from high-elevation
steep slopes generated.strong controversy aver the tradi-
téqnal logging practices of the regional industry. The
‘controversy emphasized the lack of and need for reliable
‘quantitative information about the environmental effects of

logging on steep, high-elevation sites.

In 1973 the British Columbia.Forest Service issued logging
guidelines for the Nelson District (British Columbia Forest

Service, 1973, 1974) (Appendix I, page 180). The intent of

|

1The British Columbia Forest Service was reorganized under
the Ministry of Forests Act (1980) in response to the
recommendations of the Royal Commission on Timber Rights

and Forest Policy in British Columbia (Pearse, 1976, Volumes
T and 2). The six administrative units formerly referred to
as Forest Districts are now called Forest Regions (bound-
aries of two central interior Districts were revised to
create a seventh Forest Region). Administrative boundaries
of the Nelson Forest Region were not changed but management
units within the Region, formerly called Public Sustained
Yield Units (PSYU's), have been grouped into 'fewer, larger -
Timber Supply Areas (TSA's). Other tenure agreements,
conferring cutting rights and management responsibilities,
remain in force with minor amendments.




‘the guidelines was to encourage operators in the region'to
use cable logging systems on steep, potentially sensitive
sites. Tractor logging on slopes between 50 and 70% was
limited to winter operatidns on deep Sﬁow—packs, and was

prohibited entirely on slopes steeper than 70 percent.

Most of the Region'svrémaining mature timber stands @ccupied
.steep slopes at high elevations. Hedin (1978) estimated
that 32% of the mature timber remaining in the Nelson

Forest Region was on slopes of 34 to 50%, and 34% was on
slopes steeper than 50 percent. Average elevation of mature
stands was 5,000 feet (1 520 metres). There-wefe.also .
pressures to reduce the allowable annual cut (AAé) to account
for land withdrawals for wilderness and park areas and to |
exélude timber harvesting on sites that were eeonomically

inaccessible or environmentally too sensitive to log.f As a

result of these pressures the mature timber on steep high-

2In 1976 the B.C. Forest Service began a-proé?ém”%o iden-
tify, map and cruise environmentally-sensitive sites, termed
Environmental Protection Areas (EPA's) (British Columbia
Forest Service, 1976). Loggink within an EPA was to be
restricted depending upon the nature and severity of the

site problems. The program was intended to form the basis
for recalculating the allowable annual cut for each PSYU.

The Royal Commission on Timber Rights and Fo.es: Policy in .
British Columbia (Pearse, 1976) recommended continuing the
EPA progranm. ' L '



elevation sites was becoming an increasingly important

source of timber.

At the time the guidelines were introduced over 95% of the
timber harvested annually in the Region was loéged with

tractors (Wellburn, 1975).  He stated the industry's problem

(page 52):
"Tractor logging is the most .economic and safest
logging system for many areas of the Nelson Forest
District and being adaptable, it provides the longest
operating season. Erosion and soil damage -could be
reduced by planning and supervision. nformation on
the extent of damage from tractors is /lacking and as a.
result many people blame tractors for/damage to areas
which they find aesthetically unpleasant.”
The Steep Slopes Committee for the Nelsodn Forest District
was formed in 1974 to resolve issues concerning steep-slope
logging practices. Members represented the British Columbia
Forest Service, Interior Lumber Manufacturers' Association,
Forest Engineering Research Institute of Canada, BritisH
Columbia Environment and Land-Use Committee Secretariat, and
Canadian Forestry Service. The Committee requested the.
Pacific Forest Research Centre and Fbrest-Engineering Research
Institute of Canada to initiate studies of logging impacts

on steép slopes. This study formed part of FERIC's contri-

butions.



The current study had two goals. The first was to survey
groundskldded and cable yarded cutovers to document and
analyze levels, comp051t10n and severity of 5011 dlsturbance
over a range of harvesting methods and site condltlons. ‘The
specific objectives were to: .
~
1) determlne whether groundskidding systems
- generated more sdil. dlsturbance than cable-
yarding systems;
2) . determine why differences, if any, occurred;
. 3) using depth of disturbance as an index,
compare the severity of soil disturbance
between the two logging systems; and
4) examine  the effects of slope steepness and -
season of logging on soil disturbance levels
The second goal of the study was to describe the effects of
skid road construction and use on. propertles and character-
istics of forest soils. The impacts of skid roads on various
soil properties, most notably on bulk density and fertlllty,
and the1r consequent effects on infiltration rates, surface
erosion and tree growth have been discussed by several
researchers. Most of this information applies to areas.of
gentle topography, however; comparable info¥mation for
glaciated mountainous  terrain such as is typlcal of the
Nelson Forest Region is scarce. Therefore the second phase‘

of this study consisted of a survey ofvphysical and chemical

properties of soils on skid road surfaces and on adjacent

B 1
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undisturbed sites. It also intluded measurement of rill

erosion on skid roads and its correlation with skid road’

gradient and length. The objectives of this survey were to: .

1) correlate selected physical and chemical
' characteristics of the soil with skid road-
related disturbance; and

2) provide an indication of the magnitude and
direction of alterations to soil properties
that result from skid road construction ¢ gl

use. .



2. LITERATURE REVIEW: TIMBER HARVESTING AND
SOIL DISTURBANCE

2.1. Timber Harvesting and Soil Disturbance

Researchers have measured and”compared soil disturbance for
a variety of logging systems. While varieus indices of
disturbance have been proposed, exposed.mrneral soil is the
most universally accepted index. A common theme has been to
contrast groundskidding logging systems (rubber-tired skid-
ders or tractors) with one orvmore cable or aerial systems.
Many researchers have further ‘described soilldisfurbancevby
its source (usually haul rcads, landings, skid roads and
yarding) and/or by its seVeriry (usually some depth criteria),
.Some researchers have also studied the effects of season of
1ogg1ng and slope steepness on the quantity and severity of

soil disturbance. ' . : ' )

Most of the early soil disturbance researchdwes done -in the
western‘United'States._ prelis and Schubert (1951)'reporred
“mineral soil exposure averaged 229 on fraetor- and donkey-
logged cutovers in California pine stands, with revegetatlon
ddecrea51ng the percentage of bare ground to 8% by 12 years

.and to 2% by 24 years after 1ogg1ng. In a similar study,

10
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Garrison and Rummell (1951) found tractors exposed mineral
soil on 20.9%, cable (jammer) systems on 15.2%, and horses
on 11.8% of the area logged by each system in ponderosa pine

rangelands of central Washington and Idaho. )

| Haubt (1960) concluded the number of stems removed per acre
was the key. factor affecting mineral soil exposure in'é
comparison of stem versus group selection harvesting methods
in Idaho ponderosa pine stands.. Soil disturbance averaged
8:1% overall for all harvesting and- logging (groundskidding)
methods combined, but increaSedqwith increasing intensity of

cut, initial stand volume, and size of tractor.

Wooldridgé_(1960) compared tractor and skyline crang 1ogging
systems in rorth ~r*ral Washington and observed 29.4% of
‘the tractor- - zed .ite and 11.1% of the skyline crane-
vlégged site were disturbed. Dyrness (1965) reported similar
results for a study in southwestern Oregon noting that 28%
of a tra;tor—logged clearcut was disturbed by skid roads,

- 'while disturbance on three highlgad-logged sites averaged

14.8 percent.

A more recent study of -a salvage logging operiflon in north-

central Washington contrasts strongly with tﬁe similar
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findings of these earlier studies. Klock (197%) reported
tractors atid "traditional" cable-logging metge&s (jammer and
highlead) disturbed 73.8 and 76.5%, respectively, of their
salvage-logged areas. ''Advanced" logging sysfems disturbed

much smaller prOportlons of their 1ogg1ng areas: Tractor

‘logglng over snow caused 34.0% dlsturbance, skyllne 1ogg1ng

25.2%, and helicopter logging only 12.0 percent. (Klock
does not define the terms ”tradltlonal” and ”advanced” but:
in the context of hlS study it is presumed that ”advanced”‘
systems are perceived to have %ess detrimental impacts on

forest sites than '"'traditional" systems.)

Zasada and Tappeiner (1969) repofted summer .logging with

rubber;tired skidders disturbed 67 to 83% of four northern

‘Minnesota aspen sites, wi: 7 to 11% of the areas heavily

disturbed. Another study in northern Minnesota compared
full-tree and tree-length harvesting sysfemsi also using
rubber-tired skidders, where full-tree systems caﬁsed 47%
disturbance in winter and 78% in suﬁmer, compared tor47% in
winter and 72% in sumﬁer'for tree-length systems (Mace,

Williams and Tappeiner, 1971).

A survey of nine rubber-tired skidder- or tractor-logged

areas in the Coastal Plains region of South Carolina and

o
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Virginia,nevealed primatry skid~trails disturbed an average
of 12.4% (range 3.2 to 22.8%) and secondary skid trails an
average of 19.9% (range 8.8 to 42.3%) of the total logged
area (Hatchell, Ralston and Foil, 1970). Log decks (land-
ings) occupied an average of 1.5% (rénge 0.3 to 4.6%) of

the logged sites.

In recent"years soil disturbance surveys were undertaken in
British Columbla Bockheim, Ballard and Willington (1975)
reported m1nera1 soil was exposed on 68 and 71% of two
tractor-logged blocks in southwestern British Columbia,
while soil dlsturbance averaged 29% on eleven h1gh1ead-
logged clearcut; in the same region. In a survey of clear-
cuts in southeastern British Columbia, Smith and Wass (1976)
rece}aed average mineral soil exposures of 46% (summer) and
25% (winter) forbgroundskidding\1ogging methods; 17% (summer
and winter) for highlead-yarding'systems; and 29% (summer)
and 22% (winter) for grapple-yarding systems. Hammond -
(1978) surveyed.eight cutblocks logged with small tractors

~in the same region, reporting soil disturbance averaged 28%

-~ on summer- logged blocks and 39% on winter-logged blocks.

Schwab and Watt (1981) found in the central interior, tractors

disturbedAbetween 35.1% and 59.8% (average 46.1%) of eleven

‘summer- - and winter-logged blocks,~while“running skyline
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systems disturbed only 8.8% to 17.4% (average 11.6%) of four

summer- and winter-logged clearcuts.

The primary sources of soil disturbance on most logged areas
are haul roads, landings (log decks) and skid roads. Silen
‘and‘Gratkowski (1953) provided an indirect estimate.of
,disturbance attributable to haul roads and landings in their
study to determine how much forest land was required for
efficiené log tfansport. A total of 12.4% of the area of 12
clearcut-units in the H.J. Andrews Forest in the Oregon
Cascades (8.8% in haul reads and 3.6% in landings) was
bccueied by the road network. However, the authors esti—
lmated that for the entire Forest, disturbance levele would
be lower, 2.9% in roads and 1.2% in landings, for a total of
4.1% overall. Mitchell and Trimble (1959) found unplanned
skid roads disturbed a larger area than carefully planned
skid roads (5.6% veréus‘4.§% of the 1Agged sites) on the
Fernow Experimental Forest in‘West Virginia. By comparison
-a horse-logging operatlon -on the Fernow Forest resulted in
12% of the jarea being severely disturbed by skid trails.

Haul roads disturbed 0.9% of the skidder-logged area and
0.5% of the horse-logged area. - Kochenderfer (1977) reported
10.3%>of'skidder—logged areas and 7.8% of jammer-loéged

areas in the central Appalachians was disturbed by skid



roads, haul roads and landings. On - the skiddef-logged areas .

84% ef the soil disturbance was due to skid roads and 16% to
haul roads, while only 4% of disturbance was due to skid
roads and 96% to haul roads on the jahmer—logged areas. In
~another study of nine cutovers in .the Douglasefir region of
southwestern Washington, skid roads alone disturbed an
average of 26.1%; with a range of 17.3 to 34.5%, of the
logged area (Steinbrenner and Gessel, 1955). |

‘ A
Road-related disturbance on eight tractor-logged units in
southeastern British Columbia ranged from 21.5 to 46.4% and
averaged 34.3% (Hammond, 1978). Another study reported-deep‘
soil dlsturbance (soil gouges and deposits deeper than 0.25
metres) caused by haul road, landlng and skid trail construc—
tion amounted to 13.8% and 18.4% of two tractor—logged
clearcuts in the East.Kootenays, but only ranged from 4.8 to
6.0% on three highleadelogged'areae in the southwestern

portion of the province (Utzig and Herring, 1975).

Smith and Wass (1976) found haul roads, skid roads and
landings collectively disturbed 39.8% of the area of clear-
cuts that had been summer tractor-logged. Cleafcuts tractor-
1ogged during the w1nter, however, had an average distur-

bance of 21.3 percent. Road-related disturbance on cable-

15



logged clearcuts averaged 9.0 and 16.4% (summer and winter)
for highlead systems, 27.1 and 21.8% (summer and winter) for

grapple yarding systems, and 7.7% for summer jammer yarding.

Not all researchers have includéd haul roéds aﬁd'lapdings in
thelr _estimates of soil disturbance for cable-yarded clear-
cuts, making direct comparisons of total soil disturbance
levels between studies difficult. Even when the presence or
~absence of haul roéds and landings is taken into account,
however, other inconsiétencies'iﬂ the disturbance estimates
become evident. For example, studieéfbf highlead-logged
sites that have included haul roads and landings yield soil
disturbance estimates ranging from 9% to slightly more than
24% (Garrison and Rummell, 1951; Ruth, 1967; Smith and Wass,
1976). By Comparison,'studies that have not included haul
" roads and 1and1ngs show a far wider range in disturbance
estimates, from one percent to almost 77 percent (Bockhelm
et a{., 1975; Dyrness, 1965; Klock, 1975; Watt, 1975). It
would appear that most of these inconsistencies reflect |
spec1f1c site condltiﬁ/— \\Ipe factors contrlbutlng to
Klock's (1975) observation of 76 5% dlsturbance on a hlghlead-
logged setting are noé\clear, but .it should be noted that
\

the area was logged after a W¢1df1re Watt (1975) also

reported a value of 67% mineral: soil exposure on one hlghlead—

’
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logged area that had been burned before logging. The very
low highlead disturbance estimates also seem to be due to
special conditions. Deep litter layers (25-48 cm)l heavy
slash accumulations and good deflectioﬁ are probably respon-
sible for the very low soil disturbance (1%) reported by
Watt (1975), while Bockheim et al. (1975) credit yarding
over snow with causing only 5% soil disturbance on a clear-

cut in southwestern British Columbia.

Estimates of soil disturbance (excluding haul roads and
landings) are genefelly lower for skyline than for highlead
systems and range from 5.4% to 12.1% (Dyrness,j1967; Ruth,
1967; Schwab and Watt, 1981; Smith and Wass, 1976' Wool-‘
‘dridge, i960). However, Klock (1975) reported a much hlgher
f}gure (25.2%), and Cromack, Swanson and Grier (1979). also
stated that a skyline-logged unit in southwestern'Qregon
experienced a much higher degree of soil disturbance Fhan
other skyline studies but gid not provide an estimate of

mineral soil disturbance for comparison.

Apparently only Smith and Wass (1976) have surveyed grapple—
yarded clearcuts, reportlng road-related dlsturbance levels
of 27.1 and 21.85% for summer- and winter-logged sites,

respectively.. ' »
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Soil disturbance data are avaiiable for two aerial logging
methods, balloon logging and helicopter logging. Mineral
soil was exposed on éiﬁ_percent of surveyed balloon-yarded
clearcuts (Dyrness, 1972). Soil exposure on helicopter-
logged clearcuts is.also low: 5% -on a clearcut iﬁ south-
western British Columbia (Bockheim et al., 1975), 5% on a
clearcut in the Idaho Batholith (Clayton, 1981) and 12% on a
clearcut in north-central Waéhington (Klock, 1975).

Only a few studies have searchedbfor or reported slope and
season-of-logging effects on soil disturbance levels.
Garrison and Rummell (1951)'noted that deep soil disturbance
(soil displacement deeper than one inch, by the authors’
criteria) caused by tractors averaged!2.8 times greéter on
slopes greater than 40% compared to slopes less than 40
percent. Bockheim‘ét al. (1975), by comparison, measured
mineral\soil ékposures of 68 and 71% on two trac}gr—logged
clearcuts having very different average slopes (ig% and 60%,
respectively) but concluded that "on highlead settings,
slope angle appears to be a major factor influencing the

degree of mineral soil disturbance" (page 289).

Data presented by Hammond (1978) for eight tractor-logged

sites in the East Kootenays show _no apparent correlation

18



between slope steepness and degree of disturbance. Smith
and Wass (1976) found, over a slope range of 29 to 81%,
slope steepness did not influence soil disturbance caused by
summer-built skid roads. On winter-logged areas, however, |

twice as much sk1d road dlsturbance occurred on slopes

greater than 60% compared to slopes of less than 60 percent.;

Schwab and Watt (1981) observed soil disturbancé on eleven
traﬂtor-logged clearcuts in the Quesnel Highiands increased
consistently from 41.3% on 0-30% slopes, to 50.2% on slopes
greéter than 60 percent. Skid roads disturbed 31.6% of the
clearcut area on 0-30% siqpes,.38;8% on 31-60% slopes, and

47.4% on slopes greater than 60 percent.

Apparent seasonal effects have also been noted by some
researchers. Bockheim et al. (1975) reported highlead
yarding on a 65% slope over a sprlng snowpack resulted ‘in
only 5% mineral soil disturbance on one clearcut, compared
"with an average of 31% for twelve areas that were logged in
snowjfree periods. In ﬁorfh-central Washington tractor .
logging over sﬁow caused 34% soil disturbance while tractor
logging over bare ground (presumably in summer OT féll)
generated 73 8% soil disturbance (Klock, 1975). A study in
Minnesota reported groundskidding in winter reduced total

soil disturbance by ‘about 30% compared t0 summer logging

19



(Mace, Williams and Tappeiner, 1971). 1In a mofe‘comprehen-

sive-analysi; of seasonal differences, Smith and Wass (1976)
found (1) on groundskidded sites, soil disturBance averaged

41.9% in summer and 24.5% in winter; (2) on highl¢ad-logged

sites, soil disturbance averaged 9.0% in summer and 16.4%.in
winter; and (3) on grapple-yarded sités, soil disturbance

averaged 27.1% in summer and 21.8% in winter.

2.2. Timber Harvesting and Soil Compaction

)

. Timber harvesting activities usually cause some soil com-

paction in addition to exposing mineral soils. The eXxtent
and severity of coﬁpaction varies with the logging systenm,
intensity of traffic, soil moisture condition and soil
texture (Dyrness, 1965, 1967, 1972; Terry and Campbell,
v1981). Soils.may remain compacfed for severél years after
1oggiﬁg,dwith adverse effects on tree regeneration, survival

\

and growth‘(Froehlich,'1979).

Substantial pfoportions of cable-logged sites may be com-
pacted by yarding. Dyrness (1965, 1967, 1972) found soils
were compacted td some.degree on 27% of a tractor-logged

unit, 9% of a highlead-logged unit, and 2% of a balloon-



logged unit, Croméck et al. (1979) reporfed 10% slight
compaction and 20% deep.compaction occurred on é skyline-
?érdéd clearcut in western Oregon, attributing the high -
degree of compaction to pbof deflection. Harr andecCori§op
(1979) also reported extensive.soil compaction (19.8%) on a

skyline-logged unit in western Oregon.

The areal extent of compacted soils on groundskidded sites
is closely correlated with the area iﬁ skid trails, haul |
roads and landings. Garrison and Rummell (1951) observed
skid trails on their study sites weré’heavily compacted.
‘Froehlich, Aulerich and Curtis (1981), citing studies by
Foii and Ralston (1967) and Froehlich (1976)', state "The
soil in- the skid’trails_is almost aiways compacted" (page
2). Ballérd (1972) summarizes studies b& Steinbrenner
(1955) in .southwestern Washington showing an 80% reductibn
in soil permeability and 50% Teduction in mécro-pdré space
due to tractor traffic. Skid roads on nine tractor-logged

blocks in southwestern Washington were found to have bulk

densities increased by 35% and permeabiIity rates reduced by

loriginal reference not available:
Froehlich, H.A. 1976. The influence of different
thinning systems on damage to soil and trees.
In: Proceedings XVI .IUFRO World Congress,
Division IV, Norway. p. 333-344.



92% when compared to adjacent undisturbed soils (Stein-
brenner and Gessel, 1955). Seedlings on skid road surfaces

were fewer in number and jnferior in quality to seedlings on

the adjacent cutover land. Hassan (1978) reported skidder~

logging on a wet Coastal Plain soil in North Carolima

caused bulk densities in the 0-15 cm zone beneath the root
% ' '

mat layer to increase by as much as 50 pefcent. Mace (1970)

found tree-length and full-tree logging in summer with

- rubber-tired skidders caused bulk densities to increase 5

and 11%, respectively, on sandy soils in northern Minnesota.
“~

Dyrness (1965) recorded soil bulk densities of 0.60 and

.0.50 g/cm?® on undisturbed and slightly disturbed sites;

0.77 g/cm‘3 for deeply disturbed sites; and 0.98 g/cm?® for
e

compacted sites (skid trails) on a tractor-logged area in

southwestern Oregon. Youngberg (1959) measured bulk dehi

NE

sities of 1.52 to 1.58 g/cm® in the top 6 inches and 1.59 to'

1.73 g/cm?® at 6- to 1l2-inchjdepths on tractor-road surfaces,

also in Oregon. BY‘comparison; bulk densitiés in the road

berm ranged from 0;88 to 1.05 g/cm®. The author considered

that part of the increase may have been due to the naturally

higher bulk densities of subsoil layers.,
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Mace, Williams and .Tappeiner (1971), comparing the effect of
winter logging with rubber-tired skidders by full-tree and

~ tree-length logging systems, found 5011 bulk densities in
the surface two inches of soil were O 4 to‘O 5 g/cm greater
~in heavily-disturbed than in lightly-disturbed\areas for

both systems.

Bulk deﬁsity tends to increase with‘increasing traffic use.
A survey of.nine Atlantic Coastal Plain sites logged with
either rubber tired skldders or crawler tractors showed soil
bulk den51ty increased and infiltration rates and air space
decreased with increases in logging trafflc intensity |

(Hatchell, Ralston and Feil, 1970). Most of the increase in

bulk density occurred in the first two passes,of the logging -

machinery, .and for most-locations 90% of final bulk density

~ was achieved after feur'passeé. Campbell, Willis and May

(1973) reported rhe bulk density of a Georgia Piedmont 5011

increased from 1.34 to 1.41 g/cm® after one pass, to 1.44,‘

g/cm® after ten passes. - ‘ E
N

"Soils tend to be compacted more rapidly and more severely
when wet than dry. Medium- to fine-textured soils tend to
suffer the most severe compaction, particularly when soil

‘moisture contents are<ét”or 31ight1y below‘thelievel“held ’
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at -0.33 1Pa of tension (Terry and Campbell, 1981). Bulk
densities ot wet, silty loam soils increased by 13% and
macroscopic poré space decreased by 49% in ‘the 0- to 2-inch

f
1ayer as the result of high traffic intensities (Moehring

" and Rawls, 1970). Hatchell, Ralston and Foil (1970) aléo

concluded logging, on medium- to fine—textured soils during

wet weather resulted in severe soil compaction and puddling.

High soil bulk densities may persiét fdr several years after
logglng (Adams and Froehllch 1981; Froehlich' 1979)‘

Froehlich (1979) reported 16 years after logging, soil bulk

“densities at.9- and 12-inch depths were 18% and'9%‘greater,

reSpéctively, on ékid trails than in adjacent undisturbed
soils of &n Oregon.ponderosa pine stand. Dickerson (1976)
reported tree-length logging wifh rubbef—tired skidders on a
northern Mississippi site caused soil bulk densities in |
wheel rut areas and‘logfskidded areaé to increase bX.ZO%‘and
10%, respectively, when compared'to bulkvdensities‘of‘ad—

jacent undisturbed soils. 'Recovety was gradual; five years

after logging, bulk densities of skid road and 10g~skidded”
" soils were still 11% and 4% hlgher, respectlvely, than those

'of undlsturbed soris.

-~



In a study in northern Minnesota, séndy soils compacted
during*tree-length logging with rubber-tired skidders showed
a sigﬂificant‘decrease after the first winter, whereas. soils
compacted during full-tree logging did not recover signi-
ficantly (Mace, 1971). The décrease.in bulk dénsity under
the tree-length system was attributed to increased soil
freezing, reduced vegetative growth due to heavier concen-
trations of slash, and to a smalier degree of initial com-

paction (5% compared to 11% under the full-tree system).

Several researchers have reported reductions in tree growth
rates that reflect, to some degree, the effects of soil
compaction from logging activities (Froehlich, 1979; Hat-

chell et al., }970; Moehring and‘Rawls, 1970;'Smith and

< -

Wass, 1979, 198b;'Steinbraner and Geésel, 1955; Youngberg,

1959) .

‘ <
2.3. Timber Harvesting and Soil Erosion

Even if the physical processes governing erosion were
\ -

incompletely understood in light of today's knowledge,

foresters very early recognized a strong link between

timber harvesting and soil erosion. A good example is
- . . t
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provided by McCallie (1922), who ascribed severe gullying in
northern Georgia to removal of timber on gully slopes.

Numerous other studies ‘have made similar observations.

Soil erosion rates under fofest cover are. generally lower
than under othef types of ground cover (Eschﬁer’and'Perout—
ky, 1981), but increase above natural levels when a watér—
sﬁed is disturbed by activities such ds timber harvesting
(Anderson et. al., 1976; Fredriksen, 1972; Gibbons and Salo,
1973; Megahan, 1572, 1975, 1977). -The link connecting
timber harvesting, soil erosion and soil disturbance i;
succinctly explained by Patric (1976). In a review of
_pertinent literature, the author cites supporting evidence
to show that undisturbed férest soils are able to absorb
virtually all precipitation, théreby almost eliminating
overland flow, the principa1~mechanism for soil erosion and
transport. It follows that soil erosion from logged afeas
can only come from disturbed sites such as haﬁl roads and

skid trails.

Erosion in excess of natural levels - t"accelerated erosion' -

may reflect increases in three kinds of erosion -- channel
scour, mass wasting, and surface erosiomn. Accelerated

erosion from logged sites is usually considered to be due to
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increases '1n mass.wasting and surface erosion. Swanston
(1971) considered mass wasting to be the dominant form of
er051on 1n western North America. ﬁelationships between
timber harvesting activities and mass wastlng processes ‘have
been extensively researched and documented in this region.
However, numerous researchers "have’ documented through water
quality studies, erosion-plot studies and general observa-
‘tion that surface erosion processes can also cause serious
soil losses from logged sites (Bethlahmy, 1960, 1967; Brown
and Krygier, 1971; DeByle and Packer, 1972; Dickersqn, 1975;
Fredriksen, 1970; Haupt, 1959a; Megahan, 1975, 1978;'Megahan
and Kidd, i972a;_Packer, 1967 ; Packer and Haupt, 1965;
Reinhart, Eschner and Trimble, 1963; Weitzman>and Trimble,

.
1952) .

The basic prinﬁiples and proéesses of surface Soil‘erosion
ére.well established. This research has lead to the develop-
ment of a variety of surface erosion models of varying
degrees of complexity. However, most of the early'stﬁdies
(and many‘of the models) have an agricultural pefquétive.
Two'assumptibns implicit in much of this work limit extra-
polation to forest management practices:

(i) the research usually applies to very
gentle slopes; '

(ii) = soil cover is ‘usually assumed to be absent...
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Erosion researcﬁ on forest and rangeland soils tends to give
more emphasis to the effects of slope and ground cover on
erosion rates. Sediment routing is another important aspect
of wildland erosion processes. As Cromack et al. (1979)
states: |
"Soil/sediment movement through ecosystems is viewed as.
a series of storage sites linked by transfer processes
Ceas e To assess management impacts on soil loss and
sedimentation one must understand this soil/sediment ’

routing system and identify major processes and storage
sites on land and in streams" (page 452p;

Surface erosion is negligible in‘undisturbed forests because
1litter and duff layers contribute to infiltration rates far
in excess of natural rainfall intensities, thereby minimizing
the occurrence of overland flow- (Megahan, 19765 Pdtric,
1976). Lowdermilk (1930), in an investigation into the
influence of litter cover on the hydrologic characteristics
of a soil, compared amounts of surface runoff and soil
erosion for litter-covered and bare (burned) California
forest soils. Runoff was 3.7 times greater and soil erosion
18.1 times greater on the burned as compared to the unburned
plots. The author concluded,

“1(1) Forest litter in these experiments greatly reduced
surficial runoff, particularly in the finer textured
soils; and this influence continued long after the
litter was completely saturated," and '""(2) Destruction
of the litter and the consequent exposure of the soil

greatly increased the amount of the eroded material and
reduced the absorption rate of the soil" (page 490) .



Studies on the effects of timber har?esting onisoil erdsion
rates usually idéntify ﬁwo sources of sediment - roads and
logging. Road-bﬁilding‘(both haul and skid roads) is gener-
ally regarded to be the most important of the two (Anderson
et al., 1976; Fredriksen, 1970,‘1972; Hauft and Kidd, 1965;
Megahan, 1976; 1977; Packer and Christensen, 1964; Patric,

1976; Patric and Kidd, 1981; Rothwell, 1971).

A study iﬁ west-central Alberta reported a 1ogginé road
contributed an average of 816 pounds‘bf sediment per day af
a stream crossing during a week-long, 2%-inch rainfall,
twice as much és nearby seismic lines (Canadian Forestry
Service, 1974).  Sediment discharge following construction
of a logging road along the séuth fork of Caspar Creek in
northern California was more than four times preconstruction
levels dufing the first winter and slightly above precon-
struction levels for the subsequent three years (Krammes and

Burns, 1973). , » |

Hoover (1945) ident}fied.skid roads as a major source of
soil erosion on logged sites in western North Carolina and
further disébvered that most of the soil loss occurred
during logging. Trimble and Weitzman (1953) found soil

erosion from skid roads in a West Virginia study increased
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as‘Steepness, length, and use of skid roads increased, and
also concluaed that erosion was much greater during than
after skidding. Dickerson (1975) reported that an average
of 14.79 kg of soil was eroded annually from skid trails of
various lengths (7 to 55 metres) and grades (9 to 35%) in
northern Mississippi, compared to an averége of only 0.18 kg'
of sediment per year from adjacent undiéturbed plots.
First-year erosion rates of 0.37 inches from skid trails 50
" feet long and having 5% grades and 1.16 inches from skid
trails 250 feet long and‘having 504 grades were measured on
.the ?ernow Experimental Forest in West Virginia (U.S. Forest
Service, 1953). By comparison, Hetherington (1976) attrib—
uted slight increases 1in suspénded sediment levels following
partial 1ogging of-a small watershed in the Okanagan Basin
%f,British,Columbia to an effective buffer strib, winter

logging on snow, and gentle (25%) slopes.

Severai other researchers have obsefved but not measured
significant\erosion occurring on mineral soil exposed by

road-bﬁilding (Garrison and Rummell, 1951; Smith and Wass,
1976; Hartsog and Gonsior, 1973} Haupt, Rickard and Finn,

1963).
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Hornbeck and Reinhart (%964) compared the effects of four

timber harvesting practices (clearcutting, diametefflimit
cutting, extensivé selection cutting and intensive selection
cutting) on water quality on four gauged streams in the
Fernow Experimeﬁtal Forest, West Virginia. The drainages
were all tractor-iogged; no haul roads or landings were
built within the_eXperimental watersheds. Skid road quality
also varied among the harvesting treatments: unplanned and
uncontrolled in the commercial clearcut;-water.bars only
installed on skid roads used for the diame%er-limit cut;
preplanned with skid roads away from stream channels aﬁd
with maximum grades. of 20% for'the extensive selection cut;
and preplanned with maximum gradeé of 10% for the -intensive
selection cut. Water turbidity readings taken during
logging operations demonstrated the importanée of planning
and maintaining skid road'networks as a means of ma%ntaining
water quality. Maximum turbidities of 56,000 and 5,200 ppm
were’fecorded'for the commercial clearcutting (no controls
on roads).and diameter-1limit cutting méthods (use of water
bars ohly), respectively. By comparison, turbidity readings
fdr the extensive and intehsive selection cuts, both having
carefully planned and constructed skid road networks, were
210 and=25 ppm, respectively. Infiltration rates on ékid

road surfaces averaged 3 inches per hour whereas those of



\
the adjacent undisturbed forest floor were 50 or more inches
eer hour. Rate of soil loss decfeased rapidly to negligible
levels in the seeond year after logging operations wefe
completed for the commercial ciearcut and diameter;iimit
cuts. The authors attributed the rapid decrease in apparent
erosion\te rapid revegetation and the development of erosion

pavements in the stony soils of the skid road surfaces.

As part of the same study, Reinhart (1964) found overland
flow was negiigible priof to cutting. Affer clearcutting
overland flow was observed only on skid roads. Infiltration
rates off the s id roads were affected very little by log-
ging, but were 1owefed considerably on bulldozed skid road
surfaces, particularly the track areas. The author also
felt the skid roads intercepted sﬁbstantial subsurface
seepage flow and converted it‘into overland flow,'accentu—
ating the effect of ‘inadequate infiltration ratesiand

increasing the quantity of overland flow.

Felling and yarding also increase erosion rateS‘bﬁt the
ranges of increases, up to aboqt.five-times natural leﬁels,
areymuch less than those reported for roads (Brown and
_Kryéier, 1971; Fredriksen, 1970; Megahan and Kidd, 19725;

Rice et al., 1979). Anderson (1971) predicted future log-
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ging and road development in western Oregon would increase
sediment production by a factor of four, of which 80% would
be due to roads and 20% to logging. In a study in the Idaho
Batholith, Megahan and Kidd (1972a, 1972b) reported logging
alone caused erosion to increase 1.6 times natural levels, 
while logging plus road-building caused surface efosion
rates to increase by 220 times;A Another study in central
Idaho reported logging significantly increased soil erosion
rates on southwest aspects but not on northeast aspects,
probably due to lower levels of surface cover on southwest

exposures (Bethlahmy,” 1967).

Sediment transport away from the erosion site is governed by
several factors which, to varying degrees, influence the
amount of sediment that reaches the stream channel. 1In a
stat15t1ca1 analysis of several northern Callfornla streams,
Anderson (1974, 1975) reported stream51de roads caused
sediment increases of 690 percent. Hetherington (1976)
observed fine sand-sized sediment was filtered out of ruﬁoff
by buffer strips along the streams in a study in the Okana-
gan bésin. Trihble and Sartz (1957) found length of sedi-
ment discharge from culvert outlets on the Hubbard Brook
Experimental Forest, New'Hampshire, was cofrelaﬁéd with

culvert spacing and age, road surface condition, road steep-



1

ness, and topography below the culvert outlet. Haupt (1959b)

'found good correlatlons between sediment movement from

logging roads and the presence and number of slope obétruc—
tions (logs and slash), distance between cross ditches, road

gradients, and the slope length of road embanﬂments.

Many studies report surface erosion rates decrease from very
4‘

high levels 1n1t1a11y, to usually a few times above predis-

turbance levels within a few years. Megahan and Kidd (1972b)

reported 84% of the total sedlment measured during a six-

'year study- in central Idaho was produced durlng the first

year following logging and road construction, and rose to

'93% by the end of two years. Dickerson (1975) observed a

similar trend on skid trails in Missiseippi, while Hoover
(1945) and Weitzman and Trimble (1952) noted soil losees"
from skid trails were hlghest during logging Operatlons and
decreased thereafter. Erosion studies on logged and burned
sites in western Monrana also showed surface erosion rates,
very high during theﬂfirst year, had decreased to negligible
levels after four years (DeByle and Packer, 197Z; PacKker and

Williams, 1976).

Megahan (1974a), modelling surface erosion rates using data

from four erosion studies, proposed the observed time trend
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could be‘déécribéd by a negative exponentia}'function that
iﬁcorporated the geologic erosion rate, an esfimate of;the
amount of soil available to erosion processes, and an
exponent that varied with site conditions. Leaf (1974)
feportea the model also~suit¢d data from a centrai Cglorado‘
study. Possible explanations for the sharply-declininé

\

trend are revegetation of disturbed surfaces (Dickerson,

1975) and '"surface armouring' (Megahan, 1974a).

2.4. Summary of Literature Review

The literature review of timber harvesting and soil distur~
bance, soil compaction and soil erosion demonstrates the
following points:

1) In general, groundskidding logging methods
generate more soil disturbance than cable yarding
systems, which in turn generate more disturbance
than aerial logging.methods.

2) Haul ro.ds and landings, common to all logging
systems, are probably the primary sources of .
exposed mineral soil on cable-logged sites. Skid
roads are an additional and probably major source
on groundskidded sites. Yarding disturbance is
also common to all systems, but is generally a
minor cornonent of total disturbance.

3) Effects ¢- season of logging and slope steepness
‘ on disturbance levels are poorly defined for
groundskidding and cable logging methods.
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4) Areas of compacted soils are closely associated
with areas disturbed by haul roads, landings and
skid roads. Soils under yarding roads may also be
compacted but generally to a lesser degree than
road surfaces. ° , ,

5). _The degree of soil compaction varies with soil

~"pexture, soil moisture condition, and intensity of
traffic use. As a rule, soil bulk density in-
creases as soil texture becomes Q}ﬁé}, soil mois-
ture content and traffic use increases. Most of
the compaction occurs during the first few passes
of logging traffic. : )

6) Compacted soils exhibit reduced pore space and
infiltration rates, and poorer survival and growth
of trees. The effects of compaction may persist
for several years.

7) Surface soil erosion occurs at near-minimum :
levels under forest cover because litter and duff
layers have infiltration rates far in excess of
natural rainfall intensities. As a result over-
land flow, the primary cause  of surface erosion,
is minimized.

8) Timber harvesting increases soil erosion and
sediment production rates. Overland flow of water
on disturbed surfaces is responsible for these
increases. ’

9)- Both-road-building and logging cause increased
" sediment production. Roads are generally the
major source of eroded soil. Erosion on skid
" roads can also be severe as long, steep gradients
can concentrate surface runoff and incre%;e its
erosive power. .

.10) - Erosion rates are highest during and im-

mediately following logging, and decrease rapidly
thereafter. Reasons cited for the rapid decrease -
in erosion rates are surface armouring and revege-
ta  »on of disturbed. surfaces.

&4

\



3. STUDY METHODS

3.1. Background

This study took place in the Nelson Forest Region of south-

eastern British Columbia (Figure 1). : \J

~

‘'The Nelson Forest Région is a mounﬁainous area and lies
‘within the Cass}ar—Cblumbia Mountains and Easterﬂ System
physiograpﬁic regions of Britigh‘Columbia (Farley, 1979).
From west to éast the‘Nelsgn Forest Region encomﬁasses parts
.of four major mountaiﬁ rangesf. the Moﬁashee, Selkirk and
Purcell Mountains (all_within the CassiarfCQlumbia region),
and the Rocky Moﬁntains (Holland, 1976; Jackson, 1976). The.
Monashees, Selkirks aﬁd‘Purcells consist of sedimentary :
rocks of Préferozoic,age with'éreas of younger metamorphic
and igheous rocks, while the younger Rocky Mountains are
'primarily sedimentary rocks of Palec _c age (Holiand,
1976). |

Relief increases from south to north. Valley bottoms lie at

»

500 to 600 metres and éummité at 2 100 to 2°300 metres in
the south. In the northern part the valley flooxs are-at
600 to 800 metres while the summits are 2 500 to 3500

N\

metres in elevation.
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Climate is strongly influenced by the range in. relief and
{

the northwest-southeast orientation of the mountailn systems.

_Temperatures become cooler and precipitation increases from

south to north. Precipitation extremes are particularly
pronounced. Mean annual precipitation in the Rocky Mountain

Trench -ranges from 30 to 40 cm in the south to 100 to 150 cm

~in the north. On the windward slopes of the Monashees and

Selkirks annual prec1p1tat10n 15 40 to 50 cm in the south

_and 150 to 250 cm or more in the north. Snowfall likewise

increases from south to north and is heaviest in the north-

westérn part of the Nelson Forest Region (Farley, 1979).

3.2. Soil Disturbance Surveys

«

3.2.1. Selection of Study Sites

Clearcuts logged by cable and groundskidding methods under

"winter" . (on snow and/or frozen ground) and "summer'" (on

snow-free, unfrozen ground) conditions, and on gentle.to
steep terrain were sur\reyed. High-elevatiogy clearcuts
(above 1 200 metres)‘were preferred. Candidate sites:ﬁad
beén‘logged within the previous four yeafs but had not

received any post-harvesting treatment that might have

B
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altered the character and/or extent of soil disturbance (eg.

"slash-burning, scarification, planting or grass-seeding).

Gfoundskidded clearcuts were stratified into three slope
classes: 1less than 20%, 20% to 40%, and steeper than 40
percent. Cable-logged sites could not be stratified by

slope as there were not enough suitable sites available.

Physical dqscriptidns of cutovers surveyed for soil distur-

bance are given in Appendix II (p. 184).

3.2.2. Survey.Méthods

M7
=

Study methods and procedures developed by Smith and Wass

» (1976) were adoﬁtéd essentially intact so that data from the~
two studies would be compatible. Exposed mineralu;oil was
selected as an index of soil disturbance (Bockheim, Ballard
and Willingtone 1975; Smifh'énd Waés, 1976), and‘ﬁag mea-

sured using a pointfiguwjﬁ“ t=chnique (Smith and Wass,

1976). Transects were 2an ! across  ~ contours to inter-
sect haul roads and skid roads (¢ gu. = 2). Whén more
than one transect was needed to obtai: ¢ .2 desired number of

sample points, the starting point of the second transect was

¢ -



{ x:;} ‘

* intensity of 15 to 20 poiﬁts per hectare was selected as a

N

located by 6ffsetting 50 to 100 metres from the end of the
first. A compass bearing was then chosen so that the second
tranéect would parallel or diverge from the first. Subse-
quent transects, if'needed,’were locatcd in the same manner.
Sample points were spaced two metres apart. A(sampling
targét, although it was exceeded on some of the smaller =
clearcuts. A minimum of 400, and preferablf between 700 and

900, points were sampled on each clearcut.

FIGURE 2. Soil disturbance éurvey transects
on a groundskidded clearcut.
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Sample points were described according to the criteria
developed by Smith and Wass (1976). Each point was char-
acterized as "disturbed" (mineral soil exposed), ''undis-
turbed"” (minerai soil not exposed), or "other" (non—soil
area). Disturbed points were identified by depth (light: 0
to 5 cm; deeﬁ: 5 to 25 cmé very deep: more than 25 cm); by
source-(haul road, skid roéd, landing, or yarding); and by

Jocation if on haul roads, skid roads or landings (sidecast,

road surface, or cutbank). "Other'. oints included stumps, .
p : _

windfalls, logging slash greater than 5 cm. in diameter, and

rocks greater than 25 cm in diameter. A point classed as

nother" but located on a disturbed surface (eg. a piece of

slash on a landing) was further identified by its location.
Examples of light, deép and very deep disturbance are shown
in Figure 3.

~

A point sample that-did not fall on exposed mineral soil or
meet fhe\criteria of the “other” category was classed as
"yndisturbed'. This included points where the duff was
digfﬁfbed but the mineral soil was not exposed. Intimate

mixtures of duff and mineral soil were classed as "light"

soil disturbance. )
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FIGURE 3. Examples of light, deep and very deep
- soil disturbance.

a. Light disturbance (skid roéd).
b. Deep disturbance (skid road).
c. Very deep disturbance (skid :oad).



a.

Light
disturhance
(skid road).

b. Deep
disturbance
(skid road).

c. Very deep
disturbance
(skid road).
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Soil disturbance in total or for specific sources or depth

classes was expressed as a percentage by the following

relationship:

(number of dlsturbed sample p01ntsl X 100.
(total number of sample points)

% disturbance =

(]

3.2.3. Statistical Methods

Two Analysis of Variance (ANOVA) tests were applied to the
soil disturbance data (Zalik, 1976). Each ahalysie involved
a 4-way classification of the data and employed a randomized
block design with uneven subgroup sizes. The tasic unit of
‘data used in the ANOVA was tercent disturbance per depth
class“ The bulk of the survey data fell outside of the 30-

.to 70 percent range, so 1t was necessary to normalize the

data by applylng an arcsine v/ percentage transformat;on,
which converted percentage to degree data (Zalik, 1976) .
(The standard error of the.estimate is strongly correlated
to the size of the percentage for data outside the 30 to 70%
range,) Appendlx 111 (pp 186 -]90) provides tables of raw

and transformed data as used in these analyses.
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Analysis 1 grouped the data by source of disturbance, season
of logging and 1ogg1ng system.. This aﬁalysis, which com-
pared cable-yarded sites with groundskidded blocks, was
restritged to clearcuts having average slopes steeper than
20% to reduce the disparity in terrain conditions between
the two 1ogging systems.'jThe comparison tested for sig-
nificant differences between methods and seasons of logging,
as well as for differences between the two logging systems
in terms of source contributions to total disturbance (ANOVA
Table IV-1, Appéndix IV, page 194 ). Analysis 2 grouped the
data by slope class, source of distufbance and season of
logging. This analysis tested summeT and winter ground-
skidded sites for interactions betweenjslope and season of
logging, source of disturbance, and depth distribution '
(ANOVA Table IV-2, Appendix IV, page 198) . |

Means for.all stétistically—significant\main effects and
iﬂteractions were compared using -the Newman-Kuels Range Test
(Hicks, 1973) Complete Range Test analyses are presented

in Appendlx IV (pp. 191 -201)

.Unless stated otherwise, all results described in the
follow1ng discussion are statistically 51gn1f1cant at a 99%

confidence level.
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3.3, Analysis of Soil Properties on Skid Road Surfaces

3.3.1. Selection of Study Sites.

N :

The ériteria used to select the two sites for this phase of
the study were as follows:

(1) differing”soil textures (preferably one
fine-textured and the other coarse-textured);

(ii) summer-logged not less than one year and not
: more than three years previously;

(iii) uniform, moderate to steep slopes;

(iv) similar logging equipment (tractors) and
. logging layouts (systems of parallel, level
to gently sloping skid roads with steep
feeder roads to the landings); and

(v) evidence of mature rill erosion on skid
road surfaces. ‘ '

\

An additional consideration was the availability of water

“nearby in order to run infiltration tests.

3.3.2. Study Methods

(a) Selection of Soil -Parameters

Emphasis was placed on measuring changes in soil properties

having broad implications for.regeneration and growth of
) ) .

—-
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_trees and surface soil erosion. The properties chosen for
this analysis were:

- pH of soil;

- carbonate content of soil;

- organic matter content;

- total carbon content;

- bulk density of soil;

- particle-size distribution of soil; and -
- infiltration capacity of soil.

.(b) Field Methods

Five suitable skid roads were randomly selected on each site

~" from those intersected by a transect running uphill from the
bottom of theAclearcut. (A suitable skid road hadflevel to
genfie gradients (O'to 10%) and no exposed bedrock in the
profile.) The skid road was cross-sectioned and divided
info six zones (see Figure 4):

(1) undis%urbed groﬁnd surface

(above the cut bank);
(i1) cut bank;

(iii)- skid road surface -- inner track;
(iv) skid road surface -- center;
(v) skid road surface -- outer track; and

(vi) sidecast (or fill) slope.

A core sampler 7.6 cm in diameter was used to collect soil

cores 10 cm in length for bulk density determinations for
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each of the six'zones.1 Samples were bagged and sealed on
collection. Soil pH, carbonate content andvorganic matter

" content were samplea at three sites -- the undisturbed
suffaée, thé base of the cutbank; and\on the inner track of
the skid road -- using the bulk densify core samples for the
nécessafy laboratory determinations. Estimates of pH and
carbonate content were alsb made in the field, the former

| g

' ¢
using a litmus paper test kit and the latter with a 10%
solution of hydrochloric acid. Finally, soil samples for
particle-size analysis were taken from the undisturbed soil

su- ,- the base of the cutbank (C-horizon) and the surface

fi. . centimetres of the skid road surface.

Short-term infiltration rates of the undisturbed soil sur-

. _ , )
face and the inner track area of the skid road sutrface were
measured using a double-ring infiltrometer apparatus similar

to that described by Lewis (1968). (It differed in that the

1An alternative method of determining bulk density was
also tested. A relatively flat area was levelled, then
a small hole or trench was excavated with a trowel and
the excavated material retained for weighing. The pit
was lined with light-gauge plastic and the volume of
water required to fill the hole was measured and recorded.
This method was easier to use and more reliable than the
‘core sampler in very coarse-textured soils, -but in medium-
to fine-textured soils both techniques produced acceptable
results.  The core sampler, being faster to use, was

therefore preferred. \ %
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inner and outer rings used in this study were 10 and 18
inches, respectively, compared to 12 and 20 inches in Lewis'
study.) The tests were originally intended to be three-hour:
" constant-head tests but this proved not to be feasible.

Lack of nearby water supplies and lack of road access to the
'study sites 11m1ted the amount of water avallable for each
test, while the perviousness of the 5011 determined the
duration of each run. On the most pervious soils this was
iess than 20 minutes, not long enough to provide a meaﬁ- |
ingful value of infiltration capacity which in normal usage

is defined for \neriods of one hour or longer.

However; ‘the variable of interest in this study was the
relative dlfference in 1nf11trat10n rate between on-road and
b'off road 51tes, not an_ absolute value for each. A standardJ
procedure was therefore. developed to permit this comparison.
Afterrremovrng*lltter and duff 1ayers and preparlng a level
surface (necessary for off road. 51tes on steep 31deslopes),
the two rings were drlven into the, ground to a depth of
about 10 centlmetregﬂ Water was flrst applled to the outer
ring and then to the inner ring, to a depth of 15 to 20
centimetres. Water wasvadded occa51ona11y to the outer ring

while. sedlment was allowed to settle for 10 minutes in the

. inner Ting. Then’the 1nner ring ‘was fllled to depth of 25 cm-




above the soil surface. Head loss was measured at 2%-minute
intervals for periods of np to 2 hours on the least pervious
soils. On a few rapldly drained sites it was necessarylto

refill the inner ring occ351ona11y when the water 1evel nad
dropped to .10 centimetres. Durlng the timed runs the water
level in the outer ring was maintained at;approx1mately_the

same level as the inner ring. This process was continued .

[S 1N

until the water supply was exhausted. The rpn'of shortest
duration, which set the basis for comparison between on-road

‘and off-road sites, was 15 minutes.

S
It was. felt this procedure would overstate 1nf11trat10n

rates because the h1gh pressure head would exceed natural

dr1v1ng forCes. Differences between on- road and off- road .

A}

sites would be-somewhat conservatlve however, if (as ex-

o ¢

pected) water drained more rapldly on off- road sites: over
the duratlon of the run off road 51tes would experlence an’
overall lower average drivrng_fo§tejthrough_greater-head‘
loss. \ A

' Rillderosion was documented on all skid roads intersected by

the transect Each rill was meastred from its. 1n1t1at10n -

point to its outlet and broken down into’ segments of unlform,

slope. Rill width and'depth was recorded for the beglnnlng

e

and end of each segment. _ +
. #; !
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(o) Laboratory Methods

i

'Soil pH was estimated in the field and. measured’ potentlo—
metrlcally in a water-soil solution in ‘the laboratory
according - to methods descrlbed by McMulIan (1971). Organic
.carbon was determlned by the dry combustlon method -

- (McKeague, 1976) and cross-Checked during carbon content
‘analysis by sulphurous ac1d treatment (McMullan 1972)
followed by freeze- drylng and dry combustion. Soil particle-
51ze dlstrlbutlons were determined by dry sieve analysis :

'followed by hydrometer ana1y51s of the manus-#40 fraction

(Bowle§;;197b).' ‘ : P

5 N ~/..7‘

. 3.3.3. Statistical Methods

v
[

Analy51s of Varlance tests were- applied to each of the 5011

_x, o

.parameters towtest ‘for dlfferences w1th1n the skid road
Y Bt
& )

/-‘\1&
Cross- SeCthn @S(

lﬁae between “study sltes (see Appendix

" /

v, P zoz)‘a.f

f'compiex1ty of the block design depended
. upon the numberw&?tsampilng 1ocat10ns being compared wh1ch

g '."

_ ranged from two to 51x Newman -Kuels Range Test and the

s

e Student's t- test were\appiied to determlne dlfferenres

between meags (Hicks, 1973; Walpole, 1968). ‘.




4. RESULTS

"/

4.1. ”escrlgtgg s of Study Areas
. :

[t
i L
r)Lf.’l‘ . - . o . < . . o

4.1.1. a xk Dlsturbance Survevs e
e Co ':.!f".n._l‘ N A

7. -

| | v"“fii x :
Thlrty one clearcut blocks were surveyed Twenty-five were

r ‘)

‘logged W1th conventlonal groundsklddlng systems (mostly

o

tractors) and six with cable (hlghlead and grapple yardlng)
; ysiems (se; Appendix VI pP. 212 for fuller descrlptlons of
hlghlead grapple and skyllne yardlng systems). At least
three clearcuts were surveyed in each grouping (season/slope
grouplngs for groundsklddlng systems, s ason dnly for eable
:systems). Sultable grougdskldded ‘clearcuts were more
gabundant than cableeloggedéclearcuts. Wlnter logged “ground-

skldded ‘clearcuts were. most plentlful reflecting the dom-

'V1nant role of winter 1ogg1ng in'the Nelson Forest Reglon

Locatlons of the sampled clearcuts are; shown 1n Figure 5.
Phy51ca1 descr1pt10ns of each 51te are“summarlzed in Appen—

dix II (p. 184).

Clearcut elevations ranged from 910 to .1.970 metres and

averaged L 360 metres. Avera%f elevaﬁaons of groundskldded

B B : “ o o -wg
- ik, o
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Study Site 1-
Quartz C“""<—-\
0501\‘
—

Study Site 2-
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FIGUI#E 5.

|
|

Locations of clearcuts surveyed for soil
disturbance and skid road characteristics,

Nelson Forest Region.:
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clearcuts were 1 390 metres for summer-logged sites and
1 360-metres for winter-logged sites. Elevations of cable-
logged clearcuts averaged 1 200 metres for summer and 1 400

metres for winter.
Fay B

é“k)

_tbk_yths Englemann Spruce/Subalplne Fir hlogeocllmatlc zone

~L\

<§$¢a31na and Brooke, 1970) was well- represented due to the
preference for high-elevation study areas. Clearcuts were
alSo-sampled in the Interior Douglas-Fir and Interior
Western. Hemlock zones,,and in transitional complexes between
these and ‘the Englemann Spruce/Subalpine Fir zone.

Average slopes for individual clearcuts ranged from 5.2 to
74.2 percent. -Slope ranges and averages for winter and
summer"groundskidded clearcuts were similar (5.2 to 52.4%
‘with a class average of 27.0% for W1nter 1ogged blocks, and

12.8 to 48.3% with a class average of 29 8% for summer—

,)

1ogged blocks) Cable- 1ogged clearcuts had a narrower ‘range

and higher average slope gradlents (32.1 to 49.4% and an

average of 40.8% for winter cable-logged blocks, and 50.0 to

74.2% with an average of 61.6% for summer cable-logged

-y .
-4 4 [

blocksj.

55



4.1.2. Skid Road Surveys

Two cléarcuté having similaf terrain features and logging
histories but dissimilar soil textures (one gravelly sandy
loam and one sandy silty loam) were selected for thls phase
of the study. Their locations are shown in Flgur@aﬁ v

-

Study Site #1 (Figure 6a) was located in Quartz Creek, in

' the northern Purcell Mountains approximately 30 kilometres

west of Gdlden, British Columbia. Its biogeoclimatic status

appeared to be transitional between the Interior Western

Hemlock (IWH)'and Englemann Spruce/Subalpine Fir (ESSF)

zones, suggesting a 4- to 5-mdénth growing season, mild to

'co%} summers and relatively long, cold winters, with moder-
« . . .

ate to-high annual ?recipitation (750 to 1 500 mm, with much
of it falling as snow) (Krajina and Brooke, 1970). Under-

lying bedrock formations were assigned to the Proterozoic

(Jacksoh, 1976), andﬁﬁoﬁsisted of metamorphosed shales and

' sandstones (quartzites).with some igneous outcroppings.

5 . R
&
o
P

-

el LT o
The .study block oCcupied»lower to.?%ddle.slope positions,

w2

- had an east to northeasb\aspﬁft and a%}av?rage elevation of

1 650 metres (about 5, 400 feet) . SlopesifangeQJffom 30% ‘in

56
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a. Quartz
Creek.

[N

FIGURE 6. Study sites for soil properties evaluation.

a. Quarti Creek.
b. Rock Creek.



- 1954).

oy

N “‘ Ly

lower sections to over 70% nearxthe upper bound: ry, and

averaged about 45 percent.

Soils were composed of shallow, moderately acidic, medium- w
to coarse- textuted colluvium oveér oompact morainal material
on lower slopes, gradlng to thin and shallow colluV1a1 soils
directly over bedrock on steeper m1d to upper slopes The |
soils were tentatlvely c1a551f1ed as (Podzolic) Gray Luv1—
sols (Canada Soil Survey Committee, 1978).

u -'7‘-‘4"

The study block was tractor 1ogged in the sum@@f'dfﬁlg?s,and

slashburned in late 1976 ’ ) g &g

Study Site #2 (Figure 6b), 1ocated in the White River drain-
age approximately 25 kllometres east northeast of Canal
Flats, Brltlsh Columb1a, was set 1in the Eastern Marg1na1

Belt of the Canad1an Cordlllera, Just within the Main Ranges

sub-province of the Rocky Mountains (Jackson, 1976; Hendersoﬁ,

5
A

The study area occupled an open mid- slope p051t10n between
two tributary creeks (Rock and Elk Creeks) on the east side

of the White River. Fhe olearcut had a west.aspect and an

.58
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average élevétion of 1.275 metres (4,200 feet). Slopes .
rangéd from 30% to 120% and averaged 47.5 percent. Bedrock
consisted of calcareous siltstones and was probably part of

the McKay Group, a seriﬁf of alternating shales and lime-

'

stones of Late Cambrian to Ordovician age (Henderson, 1954).
Its biogeoclimatic :setting appeared to be within the Interior
Douglas-fir (IDF) zone,'inferring‘a dri$¥,and warmer regime

than Quartz Creek (Krajina and Brooke, 1970) .

Rock Creek soils were shallow, strongly alkaline, medium- to
fine-textured colluvium over avslightly to moderately
weathered calcareous sedimentary siltstone. The soils were
tentatively classified as Orthic-Eutric Brunisols (Canada

Soil .Survey Committee, 1978).

‘This cleaféUt was included in the soil disturbance surveys
as Block 0308, Rock Creek (see Table 1, p. 61). The arco was
logged with small crawler tractors in the’sﬁmmer'of 1975.

It was not slashburned. 3ﬁ§h



4.2. Resﬁlts of Soil Disturbance Surveys

Al

4;2.1. General

7

{

Table 1 and Figure 7 summarize the soil disturbance data for -

the 31 clearcuts. ANOVA results for the fwo analyses are
presented in Table 2 (comparison of cable Qersus ground-
skidding systems'on slopes greater than 20%) and Table 3
(comparison of summer versus winter groundskidding on slopes
of less than 20%, 20% to 40%, and greater than 40%). The
most éignificant points are: J

(i) From Table 1: .

’

1. Groundskidding systems caused 16
to 18% more soil disturbance than cable
systems for comparable logging seasons;
\

' € \

2. Suﬂier logging operations -caused 5 to 7% more
soil disturbance than winter logging oper-
ations for comparable logging systems;

3. Distributions of soil disturbance by source
: are similar for summer and winter ground-
skidding operations but differ substantially
ves = . for summer and winter cable-logging oper-
7 ¢ ations; ‘ ‘ '

P
C

Y

4. Haul- road-related disturbance is very high on
winter cable-logged sites (16.6%) compared to
summer and winter groundskidded sites (8.3
and -7.6%, respectively) and summer” cable-
logged sites (9.0%); ‘

5. Landing-related'disturbance is more than
- twice as high on summer and winter ground-
skidded sites (5.1 and 4.3%, respectively) as
on summer and winter cable-logged sites (1.3
and 0.5%, rgspectively);

60
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Summary of soil disturbance (in percent) on surveyed clearcuts.?

o1

Table 1.
SOURCE OF DISTURBANCE i
BLOCK BLOCK HAUL SKID TOTAL SOIL
,:\ﬁqMBER LOCATION ROADS LANDINGS ROADS YARDING DISTURBANCE
AR
1. Cable Logging: Summer
0103 Brodie Creek 9.5% 0.0% 0.5% 11.5%. 21.5%
0309 Kid Creek - 8.5 2.3 1.5 14.8 27.1
0404 Campbell Creek 9.1 1.6 6.4 22.8 39.9
Avenaées 9.0 1.3 2.8 16.4 29.5
2. Cable Logging, Winter
0102 Grizzly Creek 16.6 0.0 6.4 3.2 26.2
0106 Shannon Creek 9.7 0.0 1.7 0.9 12.3
0301 Lamb Creek 23.5 1.4 0.0 3.5 28.4
' Averages 16.6 0.5 2.7 2.5 22.3
3. Groundskidding, Summer
0101 Grizzly Creek - 12.1 1.5 11.0 4.2 28.8 .
0201 Poplar Creek: 4.9 0.3 27.2 1.6 34.0
0302 Lamb Creek 0.7 1.5 24.0 3.7 29.9
0303 Dewar Creek 3.9 4.3 32.0 3.4 43.6
0304 Hellroaring Creek 12.0 11.9 38.1 1.9 63.9
0308 Rock Creek 5.6 0.1 37.4 4.4 47.5
0403 Lower Palliser River 6.1 6.0 12.9 5.6 30.6,
0503 Quartz Creek 9.5 18.0 36.4 - 1.1 65.0%
0506 Copper Creek 10.8 5.0 33.3 ¢ 1.3 50.4
0507 ‘Copper Creek 17.3 2.5 36.0 4.9 60.7
Averages | 8.3 5.1 28.8 3.2 45.4
g
4. Groundskidding, Winter
0104 Hoder Creek 6.6 0.0 229 3.6 33.1
0105 Grizzly Creek 11.3 0.0 33,900 5.5 50.7
0202 Duncan River 11.3 1.2 26.9 10.7 50.1
0203 Glacier Creek 12.0 0.0 15.4 3.2 30.6
0305 llroaring Creek 8.3 8.3 - 32.0 2.5 51.1
0306 Nicol Creek 10.3 6.3 34.7 1.8 52.2
0307 Nicol Creek - 9.4 0.9 31.7 2.6 44.6
0401 Lower Palliser River 8.1 11.1 10.9 13.9 44.0
0402 Lower Palliser River 10.3 4.5 37.3 0.3 52.6
0405 . Hall Lakes 2.8 9.2 6.3 7.3 25.6
0406 Hall Lakes 4.0 3.5 2.3 3.9 13.7
0501 Quartz Creek 7.2 - 8.0 23.1 2.3 40.6
0502 Quartz Creek 1.0 3.6 30.0 0.3 34.9
0504 Dainard Creek 10.1 4,9’ 28:9 1.9 45.8
0505 Dainard Creek 1.9 3.4 30.2 A -36.5
7.6 4.3 24.4 0 40.4

Averages

&

% soil.disturbance =

/‘,

e

(nhmber of disturbed sample point;j X 100
T{total number of sample points)

=
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1,“ -
L.
\ .
\
SAMPLE SIZE 10 blocks 15 blocks 3 blocks 3 blocks
DISTURBANCE RANGE 28.8—465.0% 13.7— 52.6% 21.5-39.9% 12.3—-28.4%
45.4 %
T yording
3.2%
40.4%
40— landings
. 5.1 % yarding
i 4.0%
- landings
. 4.3 %
=y ‘
=y
30 | 29.5 % .
-
z
v]
a skid
& T roads i
kid
I : i \ 22.3 %
w 28.8% roads yarding -
9] yarding
4. 16. .
2 101 24.4% ‘ 6.4 % 2.5% | landings
o ,k"j 0.5%
2 roads
o - " 2.8%
o . K -
8 - Aandings .
i LI
skid
10— roads houl
280% - ‘roads
) 16,6 %
havl haul
4 haul
roads . - roads
roads RN
1.3% 9.0%
7.0 %
SUMMER WINTER SUMMER WINTER
GROUNDSKIDDING

»

FIGURE 7.

2y

CABLE~YARDING

Contribution, by so‘\;rce to average total soil
disturbance for summer- and winter-logged
groundskidded and cable-yarded sites.
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“(iii) From

@

1.

¥
‘)

‘6kid road-related disturbance is almost ten

times as high on summer and winter ground-
gkidded sites (28.8 and 24.4%, respectively)
as on summer and winter cable-logged sites
(2,8 and 2.7%, respectively);

Yatrding-related disturbance 1is very high on
summer cable-logged sites (16.4%) compared to
summer and winter groundskidded sites (3.2
and 4.0%, respectively) and winter cable- '
logged sites (2.5%); ' J . :

Variability in disturbance within a given
logging method/logging season category,
either in total or in one or more of its
components, is high. The magnitudes of
within-group differences generally exceed
between-group differences. AR

Table: 2:

Three of four variables - method of 1ogginga

source of disturbance, and depth of distur-
bance - have significant effects. on levels of
soil disturbance; -

A1l simple (first-order) interactions that

are cgmbinations of the above variables are
also significant; e .

Season of logging does not significantly , .’
affect soil disturbance (although the first-
order.}nteraction involving season of logging
and. solirce of disturbance is significant).

‘ _.‘;:-h K
Table 3:.:" = A .
Two of four main effects - source of dis-— .
turbance and depth of disturbance - signi- -, - ..
ficantly affect soil disturbance levels—oen, B
groundskidded clearcuts (see also Table'2); -

Three of six simple'interactiohs; involvipg .
slope class and source and depth of distur-
bance, are significant; : S~



?

3. Slope class is not significant as a main
. effect but is signifigcant in simple inter-

. actions rnvolv1ng source and depth of dlS-
.. =  turbance; X .

4. Season of 1ogg1ng dges not 51gn1f1cantly

affect soil ‘disturbance levels at elther the

»"- main effect or -interaction levels.

N . L)
P i
v '’ .

% - S

1%

.2, Effect of LoggrAg_Method on 8011 Dlsturbance
. it . . : . N ) ) . > . ‘ \
For the clearcuts surveyed in th1s study, 1ogg1ng w1th .
T)f\o N

groundsklddlng systems ‘on slopes greatér than 209 caused

J

,'slgnlflcantly more soil d1§%urbance than dld’logglng w1th

“.f s V\'\f,

yarded clearcuts averaged 29.5% compared to

By ni e
A .
groundskldded cle@rcuts._ Thus thé results Q thlS surVey

are. consrstent with the flndlngs of other researchers,lj

supportlng the widely- held view that groundsklddlng systems

cause more 5011 dlsturbance than cable systems.

hFss

66

_cable systems (see Table. 2).<,501l dlsturbance on 51x cable-lv

lAverage totdl 5011 dlsturbance for all groundskldded clear-- ..

-

“zcuts, regardless of slope, ‘was only sl1ght1y less than for

N

_groundskldded clearcuts .on slopes greater than 20 percent

\ o

L (42 4% versus 43.8% ) It therefore ‘seems’ 11kely that 5011

-~

dlsturbance is 51gn1£1cantly greater on: groundskldded than.

-~

-
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e _ Lo T
. i renge ofﬁslopes

7”; sampled. - s

| @"». ‘l . | :“‘ | | . | \‘ ' -
The 16 to 18% dlfference be&w%ggéthe logglng Systems 1s _ . N
Prlmarlly explalned by skid roads and, to a much lesser,v '

i

extent by 1and1ngs. ‘However,, hlgher tham—aVerage haul rg:d

dlsturbance on w1nter cable 1ogged 51tes and yardlng ddstuﬁ_
o+ .

1'3/

“

bkbance on summer cable 1ogged sites have compensated somewhat

( ~

‘Jfor,the‘larger skig road differences. \ﬁi VI %&i

o iﬁul o ‘ . : o
P R ' . N . ‘Ir‘: “:, H ‘L‘
} .Y ‘ R . .. .y “
- e . ' -~ A . ?
' ’ .\‘3 o ? i 2
Effect of Season of Logglng on 8011 Dlsturbance _
.

On’the cutovers surveyé Win thlS study iess 5011 drgpur'dnce .4
\ .

J
for both logglng systems. For groundskldded blocks an ' >

] - N .

o/ e
average d1fference of 59 was recorded 40.4% for winter- '

. S L - :

versus 45 4“ for summer. ‘Minor decreases in 'soil dlstur--' C e 43

« .
o~ g a

bance aSSOC1ated W1th haul roads, landings and skld Toads E

was recorded on w1nte§§10gged than on summer- logged areas

) combined to create this dlfference . On cable yarded blocks R
a sllghtly 1arger dlfference of 76 was noted 22. 3% for -'-;'d;
N _ NS

winter versus 29. 5/ for summer . However, the reductlon on : -

T4

cableryarded sites could not be attrlbuted to any partlcular-

a

.;t.source‘(see Table'l).‘ o

B . P Lt .
o B (- -\R&( - +
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o

~cumu1at1ve effect of seVeral vaT1§b1e§ L feel the fol-‘

N

At flrst glance these differences seem’ to support the pOpu-

7o

;ar op1n10n that season of 1ogg1ng is. a major factor affec{

ting the 1evel of soil dlsturbance The' statlstlcal anal—'
wf W

. yses, however, do not support this Vlew.‘ Invthls study

1

’season of 1ogg1ng d1d not 51gn1f1canlly 1nf1uence 5011

LY
dlsturbance levels on elther groundskldded oT cahLe yarde

..n\ ,,")
B . p.
blocks. In fact season of” 1ogg1ng)yas most nObi“ f?ﬁgr

,‘3’ . [ s .
its, Vlrtually cOmplete lack of 1nf1uende on any aspect/of o

.. : / ) . P
1ogg1ng method/5011 dlsturbaﬁ%e relatlonshlps.gg w0 / RE

T

o : U 4&5 '. : :r'_. o= s ¥,

R . ) e ‘ P S e

4 : .
P AN R

jThls 1ack of seasonal dlfferentlatlon probably reflected the '
. &

- <

lowing ‘were co%;rlbutlng factors in th%; studx , S .

ﬁ
1.0 ‘Crlterla for - stratlfylng blocks 1nto Sum -%@gged
“and winter- 10gged units were too broad. “imFic- )
_ally, a cut.ver was¥#flassed /s winter- 1ogoed if itwf

-hatl beem<Ic -ged betfilen the: periods of freeze-upy

in the 'fall. aqﬁ br jup 1ﬁ the spring -of .the _——
following years This did nqt effe¢tively account ..
for wvariations in-snowpack depth from shallowest

s in early winter to deepest in spring.

2. The sample was distributed w1de1y~over a reglon
oL - noted for its extremes in snowfall, from very -
a *. heavy snowfalls in the northwest to relatively

. light snowfalls in the south and eastv, -
X ) ST A
« 3. A wﬁde range in operatlonal facto?sasuch as type

/- and size of groundskidding equipment, skid roa
"densities, skidding patterns and: cutblock 1ayoqts
was not accounted for when selecting candidate
sites.



' !‘\;&ju

;2) A Newman Kuels Rangﬁ Test applnpd to the eight p0551b1e

means (2 seasons X 4. sourceC) showed summer 1ogg1ng causedﬂ o

.69.

" %

4. A significant propo~ .on of total soil di tﬁrb nce - AN
' _was influenced onl-  .ightly, if at all; By
“season of logging. ot example, haul T adS*and

landings, which tc cher accounted for more than
one-quarter of all disturbance on groun igigﬂed @
sites and more than half on cable-yarded es,
were usually-built well in advance of actual :
1ogg1ng and tostly in the summer. In some cases
skid ‘roads were also built well before the areas
: were 1sgged. co

5. Haul roads, landings and Skld rqQads requlred
larger excavations as- ‘slopes became steeper. ;
Consequently the protective value of a snowpack:

'gt may have been reduced or negated when .slopes  * - ..
B became steep enough ‘to requlre operators to bulld
¢ . skid trails. . : . o"

i o S
g ¢

é%d that one. interactlon 1nvolv1ng season“bf f'”“';.

S

It should bt

‘:1ogg1ng and séurce of dgsturbance m?s 51gn1f1cant (see Table

[

51gn1f1cant1y more yardlng dlsturbance than W1nter logglng

ThlS dlfference agmost cértalnly reflects the hlgh 1eve1 of

v
yardlng dlsxurbance assoc1ated with summer cable logging,
;— \ ' k&
since in the secon&'analysﬁs yardlng related dlsturbance did
\ 2
not dlffer 51gn1f1cant1y between summer and w1nter ground-
Al

sk1dd1ng operatlons (see Table 3) Yardlng related dlstur-

- ~ 8

- |
bance on -’ summer cable- yarded unlts constltu%ed.more than

half the total dlsturbance but accounted for one- tenth or
less 1n the w1nter cable and summeT and w1nter groundskld—

dlhg categorles. o v



g

However, it is unllkely that the higher levels of yardlng

dlsturbance On Summer cable logged sites were entlrely

‘ seasonal in nature‘ Blocks 0309 (Kid Creek) and 0404 (Camp-

bell Creek) both had dry southerly exposures, very thin duff
layers and relatively steep slopes Coupled W1th the’ lack

of a protectlve snowpack and poor deflect1on due_to the

steep, uniform sl,pes, yarding easily scraped away»the duff

‘to expose mineral soil. Block 0103 (Brodle Creek), w1th

deeper duff layers and better deflectlon, had comparatively
e

less yardlng re/atg

-v."

R

site condltlons on the w;nter cable loggeagclearcuts were
b. & v

“much more favourable (l) TWo of the units were logggd w1th

; ',vmob1le swing-type yarders wh1cﬁ used the haul road as a log

T T - N -
.;4%2,4._,Effect of .Slope op Soil Distutbance
P 7 -,‘: o . 11 . :

deck. This distributed yarding dlsturbance more evenly. over JSV”

: the clearcut (2) A deep snowpack at the time of yardlng

protected the soil surface on Block 0106 (Shannon C%eek) .

(3). Duff layers mere deeper and deflect1op .generdlly better
K -
. . - \‘)

on.the,w1nter—logged units.

N

wJ . ’ o

| . r

- "L'_'f;,f;'.’-fv;éé;s‘gg:e_@-,_ R
Sincé cable-logged blocks “occupied a relatively narrow range
of steep slopes, only groundskidded blocks were analyzed for

'slope effects.

) lsturbance. -In contrast, lggglng anL»;

Ny

70




5

The ten summer-logged aqdzfifteen winter-iogged blocks were -

3

stratified into three slope classes: less dghan 20%, 20 to
C = _

40%, and steeper than 40 percent. -Table 4 summarizes total

b

soil disturbance for summer and winter operations by slope

ciass,.and Figure 8 plots the resulting trends (including

0o .20 - 40 60
(gentle) - (moderate) '
> . . T

.v' . . . . . ’ . ° . , / )
"'slope class (%) > ' ~
e ¢ S < -

FIGURE 8. PIbt of. to

: Taeo ot IR =5 3

thl soil-disturbance- \ﬁf-
against slope class® for summer

- and winter groundskidded sites.
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u:Taﬁgg 4. Trends in 5011 dlsturbance with 1ncre351ng slope
. on summer and winter groundsk1dded clearcuts
' & Y - Yo SOUR&E OF DISTURBANCE
BLOCK b e : ~  HAUL SKID- TOTAL
NUMBER BLOCK 'LOCATION T ROADSV ROADS; LANDINGS LOGGING DISTUR§ANCE
1. Groundskidding, Summér ' ER : -
. S T .
‘Sloped less than 20% C B i T ] e
0302 Lamb Creek *”h~ 0.7%  24.0 155% 3.7% 29.9% -
0304 Hellroaring Creek™ 12.0  38.1 - 11:9; 1.9 63.9 i
0403 Lower Pglliser River 6.1 12.9 6.0 . ‘5.6 30.6
0503 Quartz Greek . 9.5 36.ﬁ : }g;ﬂ } 1.1 v 65.0
o, e A e o 4 S w
% Averages S I T 4 L 9.4- 3,100 474
: e . con » PR (N 2
Slopes 203 to 40% : e as . ) : i“‘ '
- 0101 . Grizzly Creek 110 * 1.5 “ 4.2 28.8 4
,0303 # 1 Dewar Cregk. 32.0 ., 43, 3.4 Y 43.6 -
0506 ~ Coppej ’33.3 ot U507 1.3 50.4 b
. ‘ . i ’ 3.0 40.9. -
‘. ~-’ q‘ ot ) X ‘. . '. '0 JO“

301 . S 49 .25 CoL .6 YL, e34%0
0308 . Rock Creek’ S 5.6 37.40 w051 7 44l 47,55
-'0507 Copper Creek . 17.3 . 36.0 -, .2.5 4,9 60 7 s
. B ] e L ‘4"_», s , R

) Averages 9.3 Z5, L Yo . 3.6 47.4
2.~‘Ground§kidding, Winter ) i . .
Slopes less ‘than 20% - : Co e B »
0202 Duncan River 11.3 26.9% .. .- .1.2% 10.7% 50.1%
- 0401 Lower Palliser Rlver 8.1 10.9 S11.1 13.9 44.0 - ;]
. 0405 - Hall Lakes Sasitger 2, 8 6.3 .92 703 25.6 f?‘-‘"
0406 Hall Lakes, 4.0 . 2.3 3.5 3.9 &13 7
. 0505 . Daipard Creek -1.9 30.2 3.4 1.0 36.5
Averages , ‘ste  -is.3 5.7 7.3 34.0°
. . &

Slopes 20% to ‘40% : , . ®
0203 Glacier Creek - 12.0 15.4 0.0 3.2 30.6
0305 Hellroaring Creek 8.3 32.0 8.3 2.5 - 51.1
0306 ﬁicol Creek ) “N10.3 34,7 6.3 0.9 52.2
‘0307 icol Creek 9.4 31.7 . 0.9 2.6 44.6-

‘0501 Quartz Creek 7.2 23.1 ¢ 8.0 2.3 40.6 “

0502\ Quartz Creek 1.0 . 30.0° 3.6 0.3 34.9

0504 Dainard Creek - 10.1 28.9 4:9 1.9 45.8

; Averages < 83~ 28.0 4.6 2.0 ‘42.8

Slopes gfeatef‘ihanidot ) ’ A ~—

0104 Hoder Creek 6.6 22.9 040 5.6 - 33.1
. 0105 Grizzly Creek - 11.3 33.9 0.0 5.5 50.7
- 0402 Lower Palliser River 10.3 37.3 4.5 . 0.3 52.6

Averages 9.4  31.4 1.5 3.1 45.5
3 Cies
. i '&, - ) Rl
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a eréges for: comblned summer and winter operations).. On /

/
l

-1ogged 51tes 5011 dlsturbance was similar on gentle

(W

slopes nd\steep‘slopes (47.4%), -and less on moderate sLowhs

< . . . ; ;
(40.9%). The lesser amount on moderate slopes was probably
a function of the small sample size rather than a real

effect. By comparison, total soil disturbanée increased

o

Some trends are apparent between source of disturbaﬁce‘and~:

. . . m Tt . ' Lo
with increasinggislope on winter-logged sites.:

'slope'(see Table 4):

: 1. Haul road-related disturbancefifgr:
o ‘ ) gradually with increasing s Loy -yr?ton51stently
accounts for 15 to 20% of total,.~

fg 2., 'Landlng related dlsturbance decreases substan-
tially with 1ncﬁea51ng 'slope, from ahout 20% of
‘total disturbance on gentle slopes to 3% or less
on steep slopes.

v

o 3. Sk1d roads constitute the largest single source of
w o, soil disturbance regardless of slope steepness
(more than 50% of total so¥l ‘disturbance in all
but one class). In general, skid road- dlsnurbance
" 4, increases as slope steepness 1ncreases. L

e

4.  With one exception,. yard1ng constltutes a re&a—

tively constan 2 to 3% of total turbance.*°
o \\’-\ J M-}' < v ]
/\1 ' L . : ! . ‘
e WinterFlogged groundskidded sités on gentle slopes had about’ ‘

double the level of yardlng dlsturbance of a1l other logginég\

T

season/slope group1ngs (7.3% %s compared to 2. 0 to 3.6% )

g
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Probably some of the disturbance attributed to yarding on
gently-sloping winter-logged sltes actually represents
lightly-used skid trails. If so, the level of skid Troad-
related-disturbance‘(now substantially lower than for all
other groupings) would be higher, and the level of‘y%?%ing—
related disturbance would be in closer agreement witn\the

other groupings.

Desplte the apparent trends, slope steepness d1d not, by

1tself influenge 51gn1f1cantly total soil d1sturbance on ”
. the. groundskldded clearcuts surveyed in this ;tudy The
ﬁ?dlfferences 1nd1cated by theSe trends are "minor, compared to
:'ﬁthe large ranges 1n total 5011 dlsturbance that are common
to all logg1§% season/slope class grouplngs This h1gh |

variability suggests that factors other than slope steepness

exert a controlling influence on =xtent of soil disturbance.

However, other parameters of 5011 dlsturbance (spec1f1cally

f
its d1str1but10n by source @nd depth classes) ane apparently

strongly 1nfluenced by slope steepness (see Table 3).

\Relag}onshlps between slope and fource and depth of -distur-.

v

B
 bance are discussed in detall 1n Sectlon 4 2 5. \Depth of

D1sturbance, and Sectlon 4. 2.0., Source of D1sturbancé;

i
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4.2.5. . Depth of g} bance _ %§§y

<
al
L . ?"‘

,ﬁ%w Fi ure 9 summarlzes total 5011 dlsturbance by depth class
4 N , g p

.Rfor ‘the 25 groundskrdded and 6 cable-yarded clearcuts.

Rl

N
?Jﬁ@Overall groundskidding caused more very deep and deep soil

dlsturbance than cable yarding, probably as. a result of the

n,\ .

addltlonal disturbance contrlbuted by skid roads. On

-

slopes greater than 20/, groundsklddlng generated more very

¢ deep than deep dlsturbance, and in turn more deep than light

dlsturbance In contrast cable yardlng systems did not N

~generate 51gn1f1cant1y greater levels of one depth claSS‘
Y

than of ‘any otgher. ThlS was attrlbuted to t&m small e&wle." .

size and h1gh varlablllty among the cable 1&&@%& clearcum&
= . R o \“\g‘\/(".‘?\ i3

Depth dlstrlbutlons for summer and winter. groundskldded

clearcuts were 51m11ar with the exceptlon that more very o

deep disturbance occurred on summer-logged than on winter-

, . .
logged blocks (19.2% versus 13.6%). Deep and very deep
v F {j}
dlsturbance domlnated the depth prOflleS for both seasons,
k4
and was<thought to Be due to haul road landing and skid A

/

2

‘:road constructlvn, (Relatlonshlps between source aﬂd depth
] . . . . ’7’

P

;:s.
G&,J

}‘ﬁ'

o - . | . . N . .
. - ‘ R e -
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: , !
of disturbance are discussed in-detail in Section 4.2.6.5

¥

Source of Disturbance.) ' . . .

Depth dlstrlbutlons for summer and winter cable-yarded
blocks were substantially dlfferent Light disturbance
dominatea-the profile for.summer—logged'sites while at the
other ei%reme'very deep disturbance constituted the largest

prbpofggon of soil dlsturbance on winter- logged sites.
0

}\

There_ﬁere obv1ous parallels between the depth dlstrlbutlons

(Flgure 9) and source d1str1but10ns (Flgure 7) for the

'cabre yarded sites. A hlgh level of light dlsturbance R Es

appeared to correspond to a hlgh level of yardlng dlsﬁur-

’bance on summer 1ogged 51tes, "while a high- level of very
B s
deep dlsturbance appeared to be reldfed to a hlgh level of

*

- haul road disturbance on w1nter logged 51tes These par-

Aallels suggested strong source/depth 1nteract10ns, wh1ch .'

k4

were confirmed in subsequent analyses (Again these are ,

Jdescribed in detatl in the folloW1ng sectlon.)

.

o

(a) Effedteof Slope on Depth D1str1but10ns;. B
I . R k\ B S

o R ' ;\ o , ).

* v '(41.,,‘. . ,,‘ ) ~e oy E

AR . / 5 sy & X )

Table @ summarlzes 5011 ‘disturba ce. by depth class and slope
; class for suﬂmer and w1nter groundsk1dded 51tes. " ~

! ‘e2?iv' ST R a o Y Y. '

o .‘ * ' ) LT : v
,‘ ' A (I o "(1"%1‘, - ’ .

v
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Over the full range of slopes examingdythe‘greatesf amounts
of disturbance occurred in the deep and Verfg@eeﬁ classes
(Figure 10) . Seasonal differences were minor, .although on
average there was }éss very deep disturbance on winte?-

iogged blocks (13:6%) than on summer-logged blocks (19.2%).

N . 15
N C ’ . i 9
i .‘yr) .
.

The’ 1nteract10n of slope class andmdepth of dlsturbance wd's

hlghly 51gn1f1cant (see Table 3) A Newman K'ls RW‘C

R e T - . - Lo
o . Q@ﬂ,' T : e o .- . . '

A Al .9\7‘-‘;_,, o : : 2
. N > , . . .
] - <
: %

- Table 5. ﬂDlStle%%%OH of 5011 dlsturbance by slope'“ - Tg' R
and depth class for summer and W1nter - o )
,groundskldded clearcuts. L T

. SEASON - SLOPE  _ ° BEMTH CLASS - .”  TOTAL
& . OF =% CLASS 7 & VERY °  SOIL °
- ©LOGGING ' ' . 'LIGHT ~ DEEP , DEEP'  DISTURBANCE

S<20% ¢ 122050 19.3%. 160150 L 47.4%° 0 L L

Vo i
s Y

SUMMER = '20-40% . 9.6 14(8 © . 16.6 . 410
13040 N2g.2 o 474 .

PO o 5,85 .34.2%
7 T s b V é Ak v-. N ' ' ) o q - 3 ‘ . . ’
SNINTER-© " 20-408°.° 7.8°  18.8" 16.3 0 42.9 - Wf

s, o, - i N - S .
>40% 10,1 - . 14.6 .. 20,6 , -__.45 3 S

A . N
S . e 7 1 L - -
) R ] . : - STSAN e T v L S
. T W R N T . PN
/ B PN . R oo ' : .
A " . - . . . E
g~ . . M r ’ o .
}.\ _ . ) ~. -
Y — . ¢ \
3 \_\ v e
, ¥ )
P AN e \ . e '
wrr e \ 3 i . 2
Nt k ke ’
N ) i . o '
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) \
"~ showed a significant increase in the quantity of_very deep '
dlsturbance from gentle to steep lepes (51gn1f1cant at a 5%
level-df confidénce)2 Light and deep disturbance showed no |

.M"

. o.r'
signiffkant trend with slope.

T
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soil disturbaﬁce (percent)-
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Dlstrlbution of! 5011 disturbance»bvf
depth class for summer and“winter: -

"
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Depth/slope trends on summer and wiﬁter groundskidded blocks
are compared in Figﬁre 11. ’Very deep disturbance increased

with incfeasing slgpe for both‘seasons, sharply from moder-
ate to steep slopes on summer-logged areas and steadily from

‘gentle to steep slopes on winter-logged blocks. Light and

L}

deep disturbance diéplayed no congistent trends between
 seasons. Both deéreased steadily with increaéing slope on
summer-logged blocks but:were variable on winter—logged_'
| blocks. / f | | |

-

|

“
%

Since héql roads, landings and skid roads require larger
cufs and fills on steepéf slopes a trend<toward‘dee?er
disturbance on stéeper slop?s might have been expected.

This study pfovidgd limited (but not conclusive) sﬁpport for
this hypothesis. The observed increase of’very.deep dis-
turbance with increasing slope appeéred.to be due to higher
levels Qf,haul.foad and skid road disturbdnce,loffset“by
lower lévéls of landing disturbance, on moderafe and steep
slopes.' However, the sampie'size was too small to letermine
‘whether the increases in haul road and;skid :oad disturbance
were due to SIbpe effects or other topographic and logging-
related factors. The decreasé in landing disturbaﬁce on

steep slopes is thought-to reflect a reduction in numbers

and dimensions of landings on slopes greater than 40 percent.

-
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FIGURE 11. ' Trends in light, deep and very deep/;oil

disturbance with increasing slope on
summer and winter groundskidded sites.



4.216. Source'of Disturbance

(5) General

Many of the observed differences between and within methods
as well as seasons of logging appeared to be closely con-
nected to .differences in source contributions to soil dis-

turb. .

Levels of haul road disturbance were similar among summer
‘cable—logged and summer and winter groundskidded clearcuts
(9.0%, 8.3% and 7.6%, respeetively) (see;Table 1), but

winter cable logged 51tes had much higher average haul road

- disturbance (16. 693 ThlS was attributed to differences. 1n

cutblock layout: ’the three w1nter logged units con51sted of
long narrow‘strips of timber parallel to or between haul
roads, and having cbmparatively short yarding distances of

-

not more than 120 metres.

\gince most of the cable-logged units in this study were
»desigAEd around haul road netWOrks eriginally planned for
groundskidding systems, estlmates of haul road disturbance
-'from this studyjmay not have accurately reflected haul road

densities_for cable yardlng systems. .

B
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Figures for landing disturbance reflect important operé—

" tional differences between the- two logging systems. On
similar ,slopés, landings on oable-yérded blocks werelsmaller
(and in some cases not required) than those onegroUndskidded
blocks; There was a noticeable tendency on groundskidded
blocks to build large landings on gentle terrain and sﬁeller .

landings on steeper; rougher slopes.

It wes expected thet differences in soil disturbance levels
between the two logglng systems would be lorgely explained

by differenoes in skid road}related disturbance, since skid
roads are a necessary feature of groundskidding,systems (on
steep slopes), but not of cable-yarding systems. The sur-
veys supported thlS hypothe51s. Unexpectedly, hoﬁever,,skid"

-~

roads were present on five of the six cable- yarded sites. .
Reasons were not always apparent. It was hypothesized that |
tractors may have been used to log 1solated patches of poor '
deflection within the cable settings, or perhaps moved from

adjacent groundsk1dded to cable- yarded areas to smooth out’

log production or ta 51mp11fy schedullng of equlpment moves.

Nineteen of twenty-five groundskidded clearcuts had 20% or
"more skid road disturbance. The remaining six blocks had

less than 20% disturbance associated with skid roads.



Possible explanations for these low values were: (1) gentle
to flat sippes; (2) logging over deep snowpacks; '(3) deep 
duff layers; and (4) widely-spaced skid roads. |

Disturbance caused by yarding was distributed evgnly‘over
groundskidded clearcuts but tended to be concentrqted near
landings or r;adsides on the cable—xar&ed units. Possible
reasons for the high levels qﬁ yarding-related disturbance
on'Summer caﬁle-logged areas were discussed earlier (Section
4.2.3.). On summer grodhdskidding operations, low levels of
yarding disfurbance weré associated with high-elevation,
‘moist sites&gith deep duff layers, while on winter-logged
Qite; low values appeared to reflect either deep duff
1ayers~or deep snowpacks, or both. The high yarding dis-
turbance values of three winter-logged blocks having gentle
average slopes (Blocks 0202, 0401 and 0405) was probably
Caused.by misclassifying some d%sturbance on poofly-défined

skid trails.

(b) Variation With Logging Method

Skid roads caused significantly more disturbance than any

other source on groundskidded sites, while haul roads, the

84
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second iargest source, contributed significantly more than
1anding$ or yan‘ding..3 The order of importance and levels of
significance were iéenfiéal for both summer and winte;
opérations. Based on summer and winter data combined; héul.
roads werelthe largest contributor of disturbance on cable-
}arded 61earrut5.“' Yarding was the second largest source,

causing significantly more disturbance than landings but not

- more than skid roads.

In contrast to the groundskiddéd clearcuts, rankings of
disturbance sources on cable-yarded sites were very differ-
ent for summer and winter 6peratioﬁs. The single largest
éource of disturbénceébn summer-logged clearcuts was yard-
ing, followed in order by haul roads, skid roads~and land-
“ings (see Table'l), whereés on winter-logged clearcuté haul
roads caused the most diéturbance,bwith skid roads second, °
yarding third and landing;.fourth. (Fdr reasbns'discussed
earlier, however, these differences should not be regarded
as entirely seasonal in nature.)

« k
As was expected, skid roads generated significantly more

. 3See Appendix IV, Table IV-2a, p. 199.
.*See Appendix IV, Table IV-1lc, p. 196.
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soil disturbance on groundskidded than on eable—yarded

IS

clearcuts.® Estimates of haul road, landing and yarding

disturbance did not differ significantly between the two

‘logging methods. Therefore there is little doubt that for

this study, skid roads were responsible for the higher
leveis of soil disturbance associated with groundskidding as

compared with cable logging methods.

" (¢) Variations in Depth Distributions

- The relationships between sources of soil disturbance and

their depth distribution profiles are perhaps the most
striking features of this servey._ Each disturbance source
shows a clear and consistent depth profile that. is inde-
pendent of method and season of 1ogg1ng and is distinct in
shape and/or magnltude from the proflles of other sources.
Statistically, the interactions between source and depth‘of
W

disturbance are among the strongest relationships "found in

the survey data.

Table 6 summar1zes depth-of-disturbance distributiohs by

method and season of logging for each dlsturbance source.

SSee Appendix IV, Table IV-lc, p. 196.



87

5€°2¢ %€ VI $L°¢ 5¢°Y sse1d Yyidaq. 4£q.

STel1o0]
57 0°0 2°0 ¢z gutr3801
$°0 ¢'0 z°0 0°0 sdurpuen
8°2 L0 ST 9°0 speoy pPIYS dutpae)
%9°91 9¢°¢1 96°1 LA | speoy Iney I97UTM -91qe)
5567 568 355°¢ 5T°ST sse1) yadaq 44 syerof
b 9T + 10 9°7 L°ST 8ut8307
¢ 1 6°0 1°0 €70 s3utpue
8°2 Z2°1 v z°0 speoy PIYS _ durpaey
%0°6 $.°9 91 %6°0 Speoy IneHy - Idumumng -91qe)
s oY wo.ma $T°9T  %L°0T . sserp yideq 4£q sieiol ~
0¥ 1°0 L"0 1°¢ ur3goT.
€Y vz S°1 50 s3utpue
RN/ 0°9 0°21 5'9 speoy PIYS ‘3uTppIYS
59" L 5T°S $6°1 $9°0 speoy Iney 191U -punouxy
Y SY $7°61 %7791 $0°01 sser) yideq £q sie3lof
Z°¢ B 2°0 L°0 €' Sut88017 .
1°S ¢*¢ ST £°0 sgutpueT :
8°82 $'6 CRA 6°9 speoy PIYS _Butpprys
5¢°8 . %5°9 5¢°1 %5°0 speoy ney Iswwng -punouiy
_g24N0S x4 d33d XdFA dd9d  IH9IT1  JINVEINLSIA NOSVES QOH.LAN
ONT990T

T

JONVEENLSIA TVLIOL - . SSYTD HLd3d 40 H2dN0S ONIDDOT

*sse1d> yldep pue 9danos Aq 9OUBQINISIP [IOS JO UOIINGIIISTL(

‘9 d1qelL



’ \

The depth profiles of haul road-related disﬁurbance are
.éharacterized'predominantly by‘véry deep disturhance (see
Figure 12). ' Between 67 and 80% of all haul road disturbance
. is classed as very deeb. About fwé-thirds of the remainder
is ‘deep digturbance and one-third is 1ight. |
.The pattern is consistent for all logging method/season
groupings, which is reaéonable in light of normal road
»construction practices; Standards, methods and timing of
haul'road-construction ;re‘generally independent of the
method or timing df.loggihg._ Haul roads are usually built.
in dry weather (summer). Sizeable cuts and fills are usu-
ally needed even on gentle slopes to build a wide firm rdad
base. As a result very deep disturbance_dominates across
most of the road with light and deep disturbance limited to

the outer margins of the road prism.

The actual amount of haul road d1sturbance associated w;fh
a given logglng system varles dependlng on the road density
requirements, which in turn varies 1nversely with yarding
distance. Thus, wihtér cable-logged sites, with~sh6rt
average yarding distances, have higher road dénsitieé and
more haul road-related disturbance than the other logging

method/ season combinations. 'Also the high proportion.of
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PERCENT

SOIL DISTURBANCE —

_ . GROUNDSKIDDING
'3 h SUMMER ' WINTER
10— o
| @
6.5 % .
5.1 %
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N 1L? %
: 1.3%
0.5 % : 0.6 %
(] [
light deep very, light deep very
deep " deep
CABLE — YARDING ‘
15— SUMMER WINTER
X 13.3%
10—
6-7 %
5 : o
\ L vem
1.4% . ' : 1.4 % .
0.9% % : ‘
T I .
light deep " very light " deep very
deep deep
FIGURE 12. Distribution of soil disturbance by depth

-class for haul roads.
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very.deep:disturbance on the winter cableflogged sites is
linked directly to the high.levei of haul road di;turbahce
recorded fof these sites. /
With minor variations, the deptﬂ distribution pattern of
laﬁding—rélated distﬁrbance tFigure 13) is identical to that
ofbhaul roads but differs bfincipally in magnitude. Con-
structlon methods ‘and machlnery, and often t1m1ng, are |
51m11ar for both haul roads and 1and1ngs, so it is reason-

able that the’depth distribution patterns are 51m11ar also.

However, 1anding$ are designed to serve a particular 1o§ging

system., Their SpecificationS‘(number, size and placement)
are influenced by»thé‘chdices of iogging system and logging
equipment which‘in.turn éfféct the levels of landing-related
dlsturbance Figure 13 suggesté that landing dehsifies
and/or sizes are 51m11ar for both summer and winter ground--
skidding operations and less for cable yardlng systems., The
1oWef landing diSturbancé‘on the cab1e4yardéd»sitesnprobably

reflects a tendency to build 1éndings-to minimum practical

o

dimensions on steep slopes.

Depth dlstrlbutlon patterns for skid roads (shown in Figure

-

14) approximate normal dlstrlbutlons for all four logglng
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SOIL DISTURBANCE — PERCENT

GROUNDSKIDDING

151 N
SUMMER WINTER
10 4 )
5
3.3%
2.4 %
1.5 % 1.5 %
0.3 % 0.5 %
0 ' - '
light ~ deep very light deep - very
’ deep " deep
— A N
15+ CABLE~ YARDING
SUMMER WINTER ”
10-
5—
0.9% o
0.3 % 0.1 : .
o .%_J——_—I 0.09% 0.29% 0.3 %
L . : e e R
t . o
fight. “9"’ ;"Y_ light deep .~ very
*op deep

FIGURE 13. Distribution of soil disturbance by depth
) class for landings. .
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" SOIL DISTURBANCE — PERCENT

1
15 GROUNDSKIDDING . P
' SUMMER WINTER
12-6% 12.0 %
10 - 9.3 %
6.9 % ) :
. 6.5 % 6.0 %
5—
A
0 — -
light deep very light- deep very
deep deep‘
. CABLE— YARDING
137 SUMMER WINTER ;
104
5 - .
. ‘ 1.5%
R raw 0.6 % —1 0.7%
0.2 % | l ] i . -
0 e _ —_
light deep very light deep very
deep deep

FIGURE 14. Distribution of soil disturbance by depth

class foxr skid roads.
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method/season groupings. Deep disturbance gener%lly'ac-

counts for aboux half of the total, ﬁit@\the remainder split .

- fairly evenly among the iight and very deep categories.
Skid roads are built in much the same\manner as haul roads
on slopesaof more than about 30 percent The smaller dlmen-

7
sions (narrower widths, smaller cuts and fllls) result in a

I~
S

shift of the depth distributiocn pattern from mostly)vegy

N
N

deep to'deeg disturbance. T

Since skid roade;are usually (but not always) built during
rather than in adtance of logging, it might be expected that
wlegging over deep snowpacks would cause a reduction in skid
road-related disturbance or at least a shi” 'n depth dis—-
tributions toward shallower overall disturbance. While
there are indications of this between summe: anc Winter
‘groundskidded blocks (less very deep and iess total skid
roadﬂdisturbance on winter-logged blocks) the differences

are not conclusive.

The depth distributién pattern of Yatding-related distur-
bance, shown ifi Figure 15, is essentially oppdsite to those

of haul roads and landings: 1light disturbance dominates the

[

profile, deep disturbance constltutes the next largest
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SOIL DISTURBANCE — PERCENT

o

GROUNDSKIDDING

15 7 SUMMER WINTER
10
™
L A,
e 3.1 %
2.3 % N a
.7 % ~
0.7 % 0.2 % 0 0.1 %
o | . ]
light  deép very light deep very
deep deep
° CABLE — YARDING
* SUMMER WINTER
5 — ° .
! 13.7 %
10 A
14
5 v
2.6 % 2.3 %
0.1 % 4 Io.z%*oo«x,
0 L g
light deep very light deep very
deep Ly ' deep
FIGURE 15. Distribution of soil disturbance by depth

class for yarding.
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proportion and very deep dlsturbance accounts for only a

small fraction of the total. Also, the patterns and amounts

are similar for summer and winter groundskidding and winter
cable-yarding operations. Reasons fior the high yardimé
disturbance levels on summer cable-yarded sites have been

reviewed earlier.

e

A Newman-Kuels Range Test of the twelve means (four sources
X three depth classes) showed the following statistically-

significant differences within (i.e., within their respec-

tive depth profiles) and between disturbance sources®

(i) Within-Source Differences

1.‘- Haul roads are characterlzed more by very deep
than deep or light dlsturbance (see Figure 12).

2. .Landings are characterized more by very deep than
' " light disturbance (see Figure 13). Levels of deep
disturbance are inteéTmediate between light and

very deep disturbance and are not statistically
different from either.
N -
3. Skid road construction generates more deep than
light or very deep disturbance (see Figure 14).

4. Yardlng causes more light than deep or very deep
disturbance (see Figure 15).

SSee Appendix IV, Table IV-2c, p. 200.
_ ¢ :
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(ii) Between-Source Differences

Groundskidded clearcuts have the'following features:

1.

Skid roads and haul roads, in that order, are the
largest contributors of very deep disturbance on
groundskidded cléarcuts. Landings contribute less
very deep disturbance than skid roads and haul
roads, but more than yarding.

Skid roads generate more deep disturbance than any
other source. Haul roads, landings and yarding,
in that order, contribute lesser quantities.
Skid roads also generate more light disturbance
than any other source. Yarding is the second
largest source. Haul roads and landings are minor
sources of light disturbance, contributing signi-
ficantly smaller quantities than skid roads or
yarding. ‘ a :

'Cable-yarded clearcufs are charaﬁterized by the follow-

ing:

‘turbance on summer-logged sites, the remainder

Haul roads are the primary source of very deep
disturbance on cable-yarded sites, accounting for

75% and 93% of all very deep disturbance on

summer- and winter-logged sites, respectively.

Skid roads and landings contribute almost all of

the remainder. Yarding provides only 1% of the

very deep disturbance on summer-logged sites and

none on winter-logged sites. ) ' //’

Yarding contributes about half of the deep dis-

/

roads. On winter-logged sites haul roads and s
roads account for 50% and 40% of all deep.dis-
tprbaﬁte,’respectively.

being split evenly between haul roads and skid 'i
ki

Yarding also contributes almost all light dis-
turbance on summer-logged sites and, slightly more
than half on winter-logged sites. Haul roads are
the second largest source, while skid roads and
landings are minor sources. ) ~
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(d) - Effect of Slope on Source Distributions

‘Two slope effects were isolated among the distributions of

N
\

Qpil disturbance according to source’:

\\ 1. Skid road-related soil disturbance was
\ significantly greater on slopes greater than 20%
\ “han on slopes less than 20 percent; '
. .afiding-related soil disturbance was

\ significantly lower on slopes greater than 40% -

\ than on slopes less than 40 percent.
Skid road-related disturbance on gentle groundskidded
clearcuts averaged 20.9% compared to 29.2% on the clearcuts
having moderate and steep slopes. This difference may be
partly due to the fact that tractors must build skid roads
in order to work-safely and efficiently onlsteeper slopes,

whereas on gentle slopes skid roads are not always.neces-

! ~.

~sary. The apparent statistical significancejof the iﬁéregse
in skid road disturbance on moderate and’steep slopes seemé\
,questionabie, hbwever, in view of -the very high range in

skid road-related soil disturbance on géntle'é@opes (2.3% to
38.1%) (see Table 4). 1If two clearcuts with v;ry low levels
of skid road-related disturbance (BldékS_O405Aaﬁd 0406, Hall

Lakes) were excluded, average skid road disturbance on

gentle slopes would increase to 25.6 percent.

’See Appendix IV, Table IV-2C?\p. 200.



The statistically significant reduction of landing-related
soil disturbance on steep slobes supported observations made
during the field éurveys that fewer and smaller landings
were built on steep than on gentle or moderate slopes.
Landings were built as_néeded and to‘relative1y4large dimen-
sions. where terrain afforded easy construction. ~On steep
slopes, however, ianding location and size appeared to be
dictated more by the frequéncy and size of suitable benches

" and ridges.

Analysis of Variance also discerned significant interactions
(at the 95% 1eVe1) betweencslope;élass, soufce, and depth’df
disfurbance on_groundékidded blocké-tsee Table 3). Owing to
the large number of means iﬁvolvea (36) the Newman-Kuels
Range Test could not be applied to isolate the significant
effects."However; graphical comparisons of disturbéncé
-trends with slope Shéwed the: strongest trends in disturbancp
levels occurred in the very deep class and the weakest
occurfed:in the light class, while skid roads and haul roads
appeared to be possible séurées of significant slope effects
(see Figure 16). - )
Slbpe-related trends in very deep disturbance were also

strongly associated»withvsource'of-disturbance. Quantities

of very deep disturbance increased with increasing slope for

|
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haul roads and skid roads but remained static for yarding
énd'decreased for landings.i-Levels 6f deep disturbance
appeared to be»comparatively less affected by either slope

or source, and generally displayed static to moderately
declining trends with increasing.slope. Levels of 1ighf
disturbance also remained constant or declined slightly with;
increasing slope but the trends were even weaker thén for

the deep class.

- Skid roads exhibited the strongest slope effects on diétur-
bance levels in quantitative terms (figure 16c). The pfo—
portion of disturbance in the véry deep class increased
-subsfaﬁfially from gentle to steep slopes on both summe;-
and winter-logged blbcks. ‘Light and deep disturbance botH
decrea;ed with incfeasing slope on‘summer—logged,sites but
were variable on winter—logged sites. The trend toward an
‘increasing proportion of very deep disturbance as slopes

became steeper was thought to be due to the deeper cuts and

£i1ls needed to build skid roads on steep slopes. .

Haul roads (Figure 16a) displayed slope-related trends
similar to those of skid roads but distihct in twb respecté:
(1) haul roads caused ‘less total soil disturbance than skid

roads; and (Zl,disturbah;e in the very. deep class constituted



a much larger proportion of total disturbance for haul roads
than for skid roads. Nevertheless, the proportion’éf very
deep disturbance increased with increasing siope, moderately
on summer-logged}sites and sharply on winter:iogged sites.
Levels of light and deep disturbance remained constant or
declined slightly with increasing slope for both logging
seasons. As with skid roads, the increase in very deep
disturbance was thought to reflect the need for larger cuts

and fills on steeper slopes.

Landings (Figure 16b) showed a steady decline in disturbance
levels for dll‘depth classes with increasing slope. This
was considered to be due more.to a tendéncy to build smaller
ana fewerrlandings on steeper slopes than to changes in
constructidnitechniqﬁeé. Yarding disturbance (Figure '16d)
showéd no obvious slope-related tren&s on either summer- or
winter-iogged blocks. High levels of iight disturbance on
'wiﬁter-logged blocks having gentlé slopes prébébly resulted
from incorrectly attributing some disturbance to yarding

instead of skid roads.

Not enough information was available to perform a similar
~analysis for slope effects on soil disturbance levels for

cable-yarded sites.
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4.3. Results of Analyses and Comparisons of Soil
- Properties on Skid Road Surfaces

*

The soil disturbance surveys supported the view that ground-

skidding logging methods caused more total soil disturbance

than cable logging methods. Skid roads were clearly identi-.

fied as the primary source of the additional disturbance.

Furthermore, skid roads were also found to contribute 48 and

- 44% of the very déep disturbance recordea on summer- and
winter-logged sites, respectivelf. In‘view of these find-
ings it was decidéd fo supplemént the soil disturbance -
surveys with comparisons of several soil properties on skid
road surfaces and adjacent undisturbed soils. The purpose.
of these cbmparisons was to iﬁdicate the_potgntial magnitude
and directidn of alterations to soil properties that could
be eipected to result from skid road construction and use.

)
One summer grbundskidded clearcut in eachrdf two drainéges
(Quartz Creek and Rock Creek) was selectedffor this survey.
Soil properties for skid road surfaces and adjacent undis-
turbed soil sites were determined and_comﬁcr:i at'five
locations on each study site. In general soils on skid road
surfaces‘at both study'sités were intermediate in chemical
and physical characteristics between those of the surface

and C-horizon of adjacent undisturbed soils, but in almost
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all cases more closely resembled C-horizon than A-horizon

conditions.

Table 7 presenti averages.and_ranges.ofiéhemiCQl and physi-
cal properties of undiéturbed Quartz Creek and Rock Creek
soils as aetermined by this survey. Almost all .of the
samples takén from skid road surfaces also fell within these

ranges.

4.3.1. Soil pH

The strongly alkaline Rock Creek soils had higher pH vglu$s
‘than their Quartz CGreek counterparts at all sampling ldca—
tions (sée Figure 17). ;bn both sites the pH of the C-
horizon was cénsiderably higher than thdat of surface (A-
horizon) soils. As Figure 17 also shows, pH of skid réad
surfaces averaged siénificantly higher than pH of undis-
turbed A-horizons, and in géneral was very similar to Sub—

soll values.
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-3.8m —— : 2-2m—_~4

QUARTZ CREEK

S AS 57
© (e.2-46) (5:5-5.9). -

5.5 — average
. (5.3-5.8) — range

va{ 2.6 m— { ’"‘*—’l
|- -

" ROCK CREEK

_,,,/"/ 6.4 8.1 7.8 — average
(5.6~71) (8.0-8.3) (7.6-8.3) — range
} , .
FIGURE 17. Comparison of soil pH measurements_ for
. ‘ ‘Quartz Creek and Rock .Creek soils.
/‘ .
~ : (

[
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4.3%.2. Soil Carbon Content

"Variatibns within and between sites for organic carbon,
calcium carbonate and total carbon are shOwniin Figure 18.
In Quartz Creek soils all carbon was in the form of organic
carbon. Calcium carbonate was absent from the soil profile
to a depthcof 1.5 metres. Rock Creek sdiis, by comparison,
:contained significantly less organic carbon than Quartz
éreek soils bqt had ‘high 1eyels of carbonate below the A-
horizon. As a result total soil carbon cqntent.was/not

significantly different bet..en the two sites.

Skid road surfaces of both sifes were iﬁtermediate befween
A- and C-horizon values in terms of organic carbon content.
Howevgr; the‘cérbonate (and, consequently, totél carbon) .

content of Rock'Creek)skid roads was veTry simiiaf to C-_ .

. B

horizon levels.

4,3.3. Soil Bu1k~Densitx.

Méximum bulk densities occurred in thé'C-hofizon and de-
creased steadily out to the fill (sidecast) slope where it
3was\at‘avmiﬁiﬁum (see Fignre 19). Bulk densities were

higher at-each sample location for Rock Creek than for
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QUARTZ CREEK

L
T
1

DA }.28% }Or anic Carbon
(0.88-2.56)(0.11-0.93) (0.77-2.84) - ganic

0.0%  0.0% : . 0.0% } alent
(0.0) (0.0) (0.0) CaCO4 Equivalen
1.57% 0.48% 1.28 % }

(0:88-2.56) (0.11-0.93) (0.77-2.84) Total Carbon

.
I

o l‘—l.l m—>|‘—-—2.6 m ' FI 2.4 m-—

ROCK CREEK .

I—-—wm——l -

0.48%  0.19% 0.32% } . b
. (0.40-0.62) (0.00-0.47)  (0.13-0.56) Organic  Carbon

00%  13.84% 12.93% :
(0.0) (715-22.92) (4.03~26.41) }C°CO3~Eq”'V°'e“'

0.48% _ 1.85% 1.99% } tal C
(0.40-0.62)(1.07-2.75)  (0.93-3.36) Total Carbon

FIGURE 18. Comparison of soil carbon contents for
Quartz Creek .and Rock Creek soils.

d

L1 m ,I 38 m I 22 m‘—a-I-
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-

} F—-le I 3.8 m Vi 2.2 m

QUARTZ CREEK

1.09 .57 1.26. 7 s ~ 091 (in g/em3)
' N : to—u m—>!<———-2.6 m —IL 24m —{
T / ROCK CRE: - :
Y ‘ : : o
3 :

4 AN

.

1.35 1.67 1.6 1.54 142 110 (in g/em3)

FIGURE 19. Comparison of soil bulk densities for
Quartz Creek and Rock Creek soils.
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Quartz Creek soils. The average bulk density of Rock Creek
soils was also significantly higher than for Qﬁartz Creek

soils.

On both study sites the average bulk density of the A-

horizon of undisturbed soils is lower (but not 51gn1f1cant1y

'so) than fof the inner track, center, and outer track posi-
tioﬁs on the skid'road surfaces (1.09 g/cm® for the A-
horizon versus 1.15 to 1.26 g/cm3 for the sk1d road surfaces
on Quartz Creek, and 1_Eghé/cm for the A- horlzon versus o
‘1.42 to 1.61 g/cm3 for the skid foad surface on Rock Creek).
The maximum differences occur between A—hotizdn and inner-
traek.valtes; the.minimum, between.A¥hotizon and duter-
track values. Only the bulk density of the C-horizon was
stgnificantly greater than. that of the A-horizon (see Table
8). Logging traffic has probaely caused some soil com-
paction on sk1d road surfaces (see, for example, the bulk
vdensities of the outefmtrack area, which is built on fill
material). On the inﬁer-track area, however, it is not
possible to distinguiéh tﬁe effect of logging traffic from

the natural trend toward increasing bulk density as soil

depth increases.
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rable 8. . Results of Newman-Kuels Range Test for |
soil bulk density versus location 1in a

skid road cross-section.

110

UNDIS- INNER CENTER OUTER ' UNDIS- SIDE-

TURBED TRACK TRACK TRACK TURBED CAST

BASE SURFACE
(g/cm®) 1.62  1.44 1.35  1.29 1.22 - 1.01
Significance?® a . ay abc abc’ bc c
1Means having the same letter in common are not

significantly different at the 5% level.

The lack of statiétical differentiation between average bulk

densities of undisturbed surface soils and skid road soils

is probably due to insufficient sample size. Only one bulk’

density sample per zone was collected at each sample skid

road, yielding a total of five bulk density samples per zone

for each of the Quarfz Creek and Rock Creek study sites.

4.3,4, . Soil Texture (Particle-Size Distributions)

Quartz Creek soils were coarser than Rock Creek soils,

~ having larger proportiohs of gravels and smaller proportions

of silts and clays. The:former were'classified as gravelly -



¢

sandy loams and the latter as silt loams (Canada Soil Survey
Committee, 1978). | { |
Figure 20 compares average particle-size distributions for
the A—horizons'and skid road sﬁrfaces of both sites. (Sam-
ples taken- from the C-horizons were essentially i&entical
and therefore were not included.) It is apparent that soil
textures on skid road surfaces are not significantly differ-

ent from the surface soils.

4.3.5. Fifteen-Minute Infiltration Rates

Falling-head infiltration rates for skid road surfaces
(inner-track zone) and adjacent mineral soil surfaces
(above the skid road’cﬁtbank;-litter layer rémoyed) were
'measured\using a doﬁble-ring infiltromefer arrangement =«
(Lewis, 1968). One pair-of infiltration tests. (one on-road
and_ohe off;rOad) was run on each sampled skid foad, yield-
iﬁg five pairs of tests.for each study site. (Soil samples
for determination of other Sdil properties, including bulk
dénsity, were also collected in the immediate vicinity of
‘the infiltration test sites.) bue té lack of water nearby,

test durations were in general limited for purposes of

| __ T
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comparison by the infiltration rates of the undisturbed

‘ soils.

Inflltratlon rates for all but the undlsturbed Quartz’Creek
soils were characterized by hlgh variability (see Table 9).
Anomalous readings included: (1) for Rock Creek, a high rate
of 55.3 cm per fifteen minutes on an undisturbed soil and‘a
high rate of 14.9 cm per fifteen minutes on a skid road
surface; and (2) for Quartz Creek, é low reading of 7.2 cm
per fifteen minutes oh a skid road surface. four of "the
five road surface measurements at the Rock Creek site were
between 0 2 and 0.5 cm, wh11e on Quartz Creek Foad surfaces

four of five readings were between 15.8 and 25.5 cm.

)
/

p

At Quartz Creek, everage infiltration rates of skid road
sqrfacevwere abeut'7b% ef Qhe average value for undiéturbed
soils, with a renge\af 29 to 96 percent.: Skid road sdrfaces
at Rock Creek had an.;verage'infiltratioﬁ rate of only 15%

of the rate for undisturbed soils, with samples ranging from

less than one to 62% of their undisturbed counterpart.

On- and‘off-road infiltration rates at Quartz Creek were not
significantly different but at Rock Creek infiltration rates

. of skid road surfaces were significaﬁtly lower (at a 95% of
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Table 9. Comparison of fifteen-minute head losses
for on-road and off-road positions,
Quartz Creek and Rock Creek.

- _ : UNDISTURBED SOIL SKID ROAD
‘ SURFACE SURFACE
QUARTZ CREEK . \
RANGE . 22.8 - 28.9 cm 7.2 - 25.5 c¢cm
AVERAGE 26.1 cm 18.3 c¢cm
ROCK CREEK | | -
RANGE 7.4 - 55.3 cm 0.2 - 14.9 cm
AVERAGE A 22.6 cm 3.3 cm

confidence) than those for undisturbed soils. The‘magni-
tudes of the reductions in infiltration.rates on s}iduroad
surfaces are lafge in comparison'to the relatively small
increases in bulk densities for the inner-track zones (seé
Figure 19), particularly for Roék Creek soils. The differ-
ent response between the two sites may reflect tﬁe influence

of soil texture as well as soil compaction effects.

1

4.3.6. Rill Erosion

~

Rill characteristics between the\study’Sites'differ in all
respects except ranges and averages in slope gradients (see

Table 10). Many of the Quartz Creek skid roads had long



Table 10. Summary of rill erosion measurements
for Quartz Creek and Rock Creek.

QUARTZ CREEK ROCK CREEK

NUMBER OF RILLS MEASURED 13 . 22
(NUMBER OF RILL SEGMENTS) (51) _ (46)
COMBINED LENGTH OF

"RILLS MEASURED 700.5 m . 408.5 m
'AVERAGE RILL LENGTH . 53.9 m L 18.6 m
RANGE IN RILL LENGTH 8.0-138.3 m. 3.0-98.0 m
WEIGHTEDi AVERAGE RILL : : .

GRADIENT : 31.6% 31.4%
RANGE IN RILL GRADIENTS  8.9-40.8% 12.0-38.2%
AVERAGE VOLUME OF SOIL

ERODED PER METRE ) : ‘

OF RILL LENGTH 2 670 cm®/m 5 044 cm®/m
AVERAGE RILL LENGTH AND

GRADIENT TO

2.5-cm DEPTH . 31.2me@ 29.6%5 5.7 me 27.25%

!By hotrizontal distance.

continuous berms on their outer edges which  channelled water
for considerable distances and contributed to the large
difference in averaFe rill lengths. Yet the rills on Rock

~ Creek skid roads éui down much:more rapidiy fhan~those on
Qudrtz Creek, reaching a depth of 2.5 cm (the one-inch depth

criterion considered by Packer'(1967) to be the point at

115



which serious erosion begins to occur) in roughly one-sixth
of the distance needed for rills to achieve the same depth

at Quartz Creek. The more rapid downcutting is further

shown by the volume of soil eroded per unit length of rill,

which is almost twice as high on Rock Creek as on Quart:z
Creek. | .

At Qﬁartz Creek the bottoms of most rills were ''paved' with
small pebbles, gravel and angular rock. This feature was
generally absent in the rills at Rock Creek, where the soils
had a:low stone content. It sﬁggests a fofm of "surface |
;rpouring" (Megahan, 1972) and may éccount,fbr.the differ-
eﬂtial cutting rates on .the two sites. Differenées in
precipitation éharacteristics.may also be responsible for

the greater number and degree_of‘develoﬁment of the -Rock

Creek rills.
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4.4. Discusdion - L
e - T

P

4.4.1. Review 1
|

This study began as an investigation of soil distu}bance on .

groundskidded‘aﬁd cable-yarded c1eafcut§ in the Nelson
Fofest.Region}‘ It was expande& to include an examiﬁatioﬁ of
soil éharacteristicé of skid road-related disturbance. 1
Thirfy-one cléafcuts (twgnty-five groundskidded and six
cable-yarded) were’suézg;ed for disturbance and two were

selected for the skid road analysis.

The study showed that summer and winter gfoundskidding
genératéd,l.s and 1.8 times more soil distﬁrbance, respec-
tively, than cable logging in corresponding ~seasons. Soil
disturbance averaéed 45.4 and 40.4% on summer and winter
groundskidded‘sites,'respectively, compa¥éd”to 29.5 and |
22.3% on summer and winter cable—yérded sites. As expectea,
most of the additional digturbanée was caused by skid roads,
which’disiurbed 28.8% of summer and 24;4% of winter ground-
skidded blocké but only 2.8% of all cable-yarded areas.
There were other minor differences as well but these ap-

peared to be due to specific logging situations rather than

" characteristics of the logging systems themselves. - The
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. similarities between the logging systems, rather than the

differences, were perhaps the most importaht features of the

survey results,
Total soil disturbance- proved to be.a relatively weak
indicator of the manner in which'logging systems interact

~'with the site to create soil disturbance. This was most

clearly illustrated by its poor correlations with season of

logging and slope Steepness..‘A more specific index was
needed. This study showed source and depth of disturbance
were ﬁétter thén total soil disturbénce at“explainihg log;
ging system/éoil disturbance relationships. For e;ample,
describing soil disturbance by iﬁs sou;ééuexplained why
groundsklddlng caused more soil d1sturbance than cable

yardlng (more skid roads) and also empha51zed fundamental

51Q;L_prtles between the systems in terms of haul road and

landing requirements. Dlstrlbutlons of soil disturbance byw

depth class were best explalned by examlnlng relatlonshlps
‘between source and depth of d1sturbance. Thus the high

level of very deep disturbance on winter cable-yarded sites

was directly_lingpd’to a high‘haul road density, since haul

roads were characterized by a high proporti n of_very.deep

disturbance. Similafly, the high level of light disturbance
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on summeT cable—yérded'siteSfcorresponded to high levels of

yarding disturbance, most of which was classed as light.

Somewhat surprisingly, season of loggingthad-no effect of
soil 'disturbance levels. The most obvious "seasonal" dif-
ferences (between summer and Qinter cab1e4Yarded sites) were
thought to be caused by other factors. Differences between
summer end winter groundekidded blocks (in totel, byrsource,
or b} depth) were small_ggd offered no conclusive (i.e., .
statistically sighificant) proef that season of logging

affeeted'soil disturbance.

In terms of its statistical 51gn1f1cance, slope steepness
had a stronger effect than season of logging on soil dis-
turbance. Even so, the effects were subtle. - Althoughvthe
datavsuggested‘tﬁat disturbance increased'in'both extent and
depth w1th 1ncrea51ng slope, only two specific. dlfferenees
were found to be slgnlflcant . (1) skid .road- related dis-
'turbance was greater on slopes of more than 20% than on
slopes of 1ess than 20%; and (2) landlng related d1sturbance
/

was greater op slopes of less than 40% than.on slopes of

more than 40 percent.
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The second phase of the study demonstrate&ﬂthagnsoil dis-
turbance associated with skid roads was accompanied by %yb~
stantial shifts in the physical and chemical characteristics
of the soils on the disturbed areas. Soils on skid road
surfaces were 9 to 13% denser, had pH values 1.0 to 1.4
units hlgher, had 18 to 33% less organic carbon, and,had
flfteen minute’ 1nf11trat10n rates that were 30 to 85% lower
than for undisturbed surface 50115. In general thlS merely
conflrmed what other researchers have already reported in
more detail elsewhere (Dyrness, 1965, 1967, 1972; Hatchell,
Ralston and Foil,.197Q; Lewis; 1968;!Mece, 1976; Smith ana~
- Wasgs, 1979, 1980; Steinbrenner and Gessel; 1955; Youngberg,
1959). Its principal value Qas thaf'if.eﬁﬁepded tﬁe'range
covered by previous studies into an area domihated by steep

glaciated terrain and shallow soils.

o~

4.4.2. Comparisons With Other Researchers

Inlgeneral,'soil disturbance 1evels-recdrded for this study

fell within ranges reported for Similar'loggingmsystems by

other researchers (see Table 11). . (Note 'that several of
“#he ~ studies have not included some sources or degrees of
‘,di;tufbance.) Averége disturbance levels for summer and

¥
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wintef tractor- and highlead-logged sites in this study are
in the middle to upper parts of their respective ranges.
There is good agreement among the four stﬁdies done in the
" Interior of British Columbia (Smith and Wass, 1976; Schwab
and Watt, 1981;.Hammond, 1978; this study). Disturbance
estimates range froh 28 to 46% for summer tréctor-logging,
and from 29 to 49% for winter tractor-logging. (The ranges
are bnly approximate, however, because of different sampliﬁg
criteria ameng these studies. (see “commentsﬁ in Table 11?.)
This study showed much higherllevelé of disturbance for
highlead systems than did Smith and Wass (1976) but similar

levels for grapple yarding.

There is also relatively good agreement among researchers in
terms ofﬁbetweenfsystém differehces. In general, all re-
searchers agree that logging with tractors or‘rubber-tired
skidders causes more soil disturbance than logging with
cable or aerial system;. Aerial syStems appear to causéwthe
least disturbancé, due at least in pérf.to the fact that no !
haul road-rélated disturbance waé record¥d on the balloon-
and helicopter-logged settings cited in Table 11. .Obviously,
even aerial systems require a road network within an econ-
‘omic flying range‘but they benefit from the fact that the

roads do not necessarily have to extend into the cutting .

un;ts.



In theofy, if all environmental and other 1ogging factors
are held equal, total soil disturbance on Cable-logged
cutovers should decrease as yarding distance (énd therefore"
haul road spacing) increases. If this held in pfadtice then
jammer systems, with the shortest average yarding distances
of any cable system, should geneéate the highést.levels of
’disturbance, foliowed by grapple-yarding (short to medium

yyarding distances, often with tailhold roads), highlead

(medium yarding disfances) and skyline systems (long yarding

distances). Among the'studies cited in Table 11, only
skylines fit this theoretical framework. In most cases
Highlea& systems cause the greatest disturbance, followed
closely by grapple-yarding systems, while jammer syétems
cause only sliéhtly more than half as much disturbance as

highlead systems.

'There aré prdbably three major‘factdrs responsible for this
discrepancy between theoretical considerations and actual
measurements: (1) specific site conditions on the éampled
areaé; (2) geographic locations of the varicus studies; and

(3) small sample sizes.

The effect of specific site conditions on soil disturbance
is well demonstratédig} this study. High values of yarding

disturbance on summer cavle-logged sites were attributed to

\/\_\ .
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poor‘deflectibn over steep uniform élopes and to thin litter
and duff layers on dry sQutherly exposufes. By compafison
yarding disturbance was much less on winter cable-logged
sites as a result of gentler slopes, deeper duff layers and
poésibly the presence of protective sndwpécks,bbut’the
shapes and locations of the cutblocks increased haul road

densities. ~ }

/

Another example is given by Klock (1975), who reported
disturbance values that were almost twice as high as found
by other researchers for the same 1oggingysystem. His study
area was salvage-logged after a wildfire. Clearly the fire-
ﬁust have influenced.the degree of soil distﬁrbanée to some

extent, perhaps by destroylng most of the protective litter

layer on the forest floor.

Geographic location may élso be an important factor to the
extent that speéific site conditions and 1ogging require-
ments vary between regions. In barticular; 1ogging oper-
ations in coas;al environments may not be directly com-
parable to those in interior environments, even for the same
cable éystem. Among highlead operationé, for example,

Dyrness (1965) and Bockheim et al. (1975) reported dis-

turbance estimates of 29 and 31%, respectively, for coastal
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regions (the latter did not include haul roads and landings
and it is not clear whether the former did either). In “
contrast Smith and Wass (1976) found subStantiaily_lessfsoil
disturﬁance‘(179 for both summer and winter) for interiér
highlead operatlons, even with haul roads and landings

1nc1uded. From observatlons made during field surveys, I

‘feel that the figures given by Smith and Wass (1976) are

more representative for highlead systems in the Nelson

—-

Forest Region.

Finally, sample sizes in most studies are small, and pub-

lished information on some cable systems (such as jammer and

.grapple) is scarce. Most soil disturbance studies, in-

. - \ . . :
cluding those restricted to small geographic areas, are

characterized by high variability in disturbance. estimates

for individual cutovers. Consequently the base of informa-

~ tion is probablyﬁtoo limited to develop répresentative \

disturbance estimates for all cable systems, particularly

__when comparisons between systems are compounded by 'intro-

P

ducing regional differences as well.

\
N
\
\

Groundskidding in winter does not seem to generate con-

sistently less soil disturbance than in-summer. This study

and Smith'and Wass (1976) both record less disturbance on
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winter-logged sites, but Hammond (1978) and Schwab and Watt
(1981) report the opposite. Therefore seasonalldifferences,
if they exist,.may not Be effectively represented by the
index.of total mineral soil exposure. It is poséiblé,kfor
exampie, that soil disturbance under summer and winter -
conditions may differ in terms of soil properties,.partitﬁ-

larly bulk density and infiltration rate.®
\

Alternatively, given the apparent'high-level.of var;ability
in and between such studies,.saﬁple sizes may be too smélll
‘to consistently:describé seasonal differences.
\

Slope effects alsb appeared to be minor as well but are
better documented than seasonél effec;s..'Skid road-related
disturbance in this study was dignificantly higher on moder-
ate and steep slopes (greater thanm 20%) than on gentle

sldpes, whiie 1anding-re1ated disturbance was significantly

8Several winter-logged blocks were examined, with trial’
infiltration runs made and bulk density samples taken, when

choosing the sites for the second phase of this study. The

results were extremely variable and too inconsistent for a
small-scale study, so consequently the second phase was
restricted to summer-logged sites. On average, however,
bulk densities were much lower and infiltration rates
considerably higher on winter-built than on summer-built
skid roads.

-
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(
less on 40%% slopes than on moderéte and gentle slopes.
These findings generally agréé'with Smith énd Wass (1976),
who réportéd that skid road disturbance was twice as high on
slopes steeper than 60% than on gentler‘slopes for winter-
1ogged but not summer-logged sites. Also, Garrison<and
Rummell (1951) found that on siopes greater than 40% soil
diséurbance levels were 2.8 times higher than on slopes less
than 40 pércent. | | |
The studies of Hammond (197é), Schwab and Watt (1981) and
Smith and Wass‘(1976)'provide a substantial base of informa-
tion to compare soil disturbance by‘source (see Table 12).
Tﬁe averages for each source differ somewhat between thé
studies but the ranges (in parentheses) are:reasonably
consistent. Smith and Wass (1976) record 1eis average haul
road, landing and yarding disturbance, but considerably more
skid road disturbance, than the current study. However,
tailhold roads on grapple-yarded clearcuts\(Smith-aﬁd Wass,
1976) are included in with skid roads. No tailho;d roads

wefg encountered on the grapple-yarded blocks surveyed in

. this study.

The figures for groundskidded clearcuts agree mofe closely,

probably pértly due to the larger sample sizes. All studies
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Table 12.

percent of logged area by source’,

" Comparison of studies giving soil disturbance as a

¢

. SOURCE OF D1STURBANCE 5%)
! NG

. A, GROUNDSKIDDING

Hammond (1978)
- Summer 3.0 3.8 20.7 -
(0.0-7.7) (0.0-7.0) (8.6-28.8) -
- Winter 7.6 9.5 21.3 -
(1.6-16.1) (2.4-15.5) (14.8-29.9) -
3 Schwab § Watt (1981)
- Summer - - 38.1 6.6
! - - (28.2-51.2)  (1.7-13.4)
- Winter - -~ 40.4 8.2
- - . (30.0-48.1) (3.8-13.7)
Smith § Wass (1976)
- Sumer 7.6 0.7 31.6 3.6
- Winter 2.9 0.6 17.8 4.7
This Study : ‘
- “Summer 8.3 . 5.1 28.8 3.2
(0.7-17.3) (0.1-18.0 (11.0-38.1) (1.1-5.6)
- Winter 1.6 4.3 24.4 4.0
(1.0-12.0) (0.0-11.1) (2.3-37.3) (0.3-13.9)
B. . CABLE SYSTEMS
Hammond (1978) - - - -
Schwab § Watt (1981)
. - Summer/Winter - - 0.0 . 11.6
. - - (0.0) (8.8-17.4)
Smith § Wass (1976)% : '
- Summer 3.8 0.7 9.9° 3.5
- Winter 2.5 0.0 16.6°% 1.8
This Study
- Summer : 9.0 1.3 2.8 - 16.4
(8.5-9.5) (0.0-2.3) (0.5-6.4) (11.5-22.8)
- Winter 16.6 0.5 2.7 - 2.5
(9.7723.5)’ . (0.0-1.%) (0.0-6.4) (0.9-3.5)

'Ranges are in parentheses..
2gummer data include highlead, grapple and jammer yarding; winter
data include highlead and grapple yarding.
}Includes tailhold roads and miscellaneocus cat roads.
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report that skid roads accounted for more than half of total
soil disturbance (and between 60 and 70% for the two studies
that measured all four disturbance sources). Haul roads are

generally the second largest source of disturbance,

Disturbance depth distributions in this study were similar
for both summer and winter groundskidded sites but differed
between summer and winter cabie-logged.blocks, for reasens'
Which were suggested earlier. More important, it was fdund!
that groundskidding caused significantly mofe deep and very
deep disturbance than cable yarding. This was traeed to the
contribution of skid roads to total soil disturbance and the

deep and very deep depth classes in particular.

Depth distributions for each disturbance source can be
compared to only one other study&(Smith and Wass, 1976) but

: : /
fortunately their data base is large (see Table 13).

Smith and Wass' results égree well with this study for haul
road,ylaﬁding end yarding distributions, reportiﬁg slightly
higher ievels of light and deep distufbance but less very
deep disturbance for each source. Therefore both studies
show that paul roads and lagdings'generate primarily very -
deep disturbance and that yarding disturbance is charac-

tefistically‘shallow.
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Table 13. Comparison of depth-of-disturbance
distributions by source.

SOURCE OF DISTURBANCE

HAUL_ ' SKID
ROADS. LANDINGS ROADS YARDING

Smith and Wass (1976)

- shallow (<5 cm) 5.3% 9.0% 12.3% - 75.7% ,
- deep (5-25 cm) 8.7 17.9 19.9 21.0
- very deep (>25 cm) 85.1 71.8 66.2 3.3
Current Study ‘
- shallow (<5 cm) 8.2% . 9.7% 24.1% 82.3%
- deep (5-25 cm) + 15,7 29.2 46.7 16.2 .
- very deep (>25 cm) 76.1 61.1 29.2. "1.5

Smith and Wass (1976) found.that skid roads also .generate
mostly very deep (>25 cm) disturbance whereas this study
indicated sfid road disturbance was mostly deep (5 to 25

cm). The difference ;n depth distribution may be related to
the difference in average slopes of the clearcuts surveyed \
in the two studies (58% for Smith and Wass (1976), 33% in

. this study).

Finally, most soil disturbance'surveys, again including this
one, are characterized by a high degree of variability in

their disturbance estimafes, especially for groundskidding
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systems. This aliz\seems to apply between studies as well. -

Most studies have atgémpted to attribute some of the varia-
tion to major environﬁegiil influences (season of logging,

slope stéepness, and other factors to a lesser degree) but

witH/%nconclﬁsiVe results. . date, researchers have not
\ . _
consi@e;ed factors relating.to.th
sﬁch %s its layout and organization;\kkidding patterné and
methods, fype‘and size of gquipment, tree size .and Volﬁme,
_and the logging crew itself. The effects of these factors
on soil disturbance are therefore unknown at thislyiﬁe‘ It
seems probable that future studies will have to éonsider

some of these operational factors if reasons for the high

variation are to he more fully understood.

The ;eéults of the second phase of. the study are generally
supported, although to varying degrees, by the findings of
other researchers: Soil bulk densities wére'highet and -

infiltration rates lower for skid roads than for adjacent

undisturbed soils, while dther soil properties of skid road

surfaces resembled s ;bsoil more than surface "soil condi-
tions. Also, extensive rilling indicated that overland flow
and surface erosion was occurring on the road surfaces in

response to soil exposure and compaction.

logging operation itself,
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- Table 14 coﬁpares bulk density,measurements of this study

with similar studles in other parts of North America. All
have found that logging traffic causes soil bulk density to
1ncrease. The degree,of compaction ranges from 16 to 76% in
the ethev'studies while fof this study the average degree of
compaction.was 9;5% for Quartz Creek soils and 12.8%'for

Rock Creek soils. There is no clear correlation between

soil -texture and degree of cbmpactioh evident in Table 14,

~ presumably because of site-to-site differences in soil

moisture conditions, traffic intensities and logging equip-

ment.

This study differs with other researchers in reporting:?
1. 1lower degrees of compaction; and
2. higher bulk densities for subsoils than
for skid road surfaces.
These features mav reflect differences in .trail-building
procedures, and consequently compactionlproceSSes, on .

gentle versus steep slopes fOn'gentle terrain the tractor

’or skldder does not necessarlly have to excavate and bu11d a

running surfacc on which to travel. The compactlon force is

rusuaify'applied directly to fhe undisturbed soil, so the

degree of compactlon is a functlon of 1n1t1a1 (undlsturbed)

and final bulk.densities. On steep slopes, however,'fhe
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tractor must excavate soil from one part of the skid road
"and build a fill slope with it on the outside. 'The com-
paction process begins on disturhed soils whose initiai bulk
bden51t1es are dlfferent from those of undisturbed soils. In
the case of the ‘excavated section of the skid road the
~initial bulk density may be higher than that of the undis-
turbed surface soil, while the bulk density of the sidecast
or f111 materlal 1s lower Since bulk density is nollonger
homogeneous across the skid toad cross-section, an average

degree of "compaction over the full road width will overstate

compaction in some areas and understate it in others.

This situation seems to apply co;the Quartz Creeh“and Rock
Creek sites (see Figure 19). In both cases road surface.
/gbulk density decreases outward from the toe ofhtheAcut to
the outer edge of the skid road Bulk densities for the
_inner track and center zones are 1ntermed1ate between the
-'Values for subsoils and undisturbed surface soils. The
degree of-compaction in these zones depends on whether road
surface bulk den51t1es are compared to subsoils, surface
50115 or a .combined value, and can range from a small de-
crease. (1f compared to sub501ls) to a moderate increase (1f
compared to undlsturbed“501ls). The fill portion-is less
amhiguous; soil bulk densities in the outer track zone are

e
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26 and 29% higher than their sidecast counterparts for

Quartz Creek and' Rock Creek, respectiveiy.

Smith and Wass (1979, 1@80) reported that soil pH increased
with depth of cut on skid roads at a number of sites in
infériorfoitish Columbia. Théy also found that subsoil

: ¢ _
textures of the <2 mm fraction were similar to surface soil

textures. This study also found similar trends.

The infiltration tests run in this study are of limited
valqe because of fheir short duration. Infiltration capacity
- curves generally describe a negative eiponen%ial function
with time (Horton, 1940)§*the 15-minute infiitratign rates
.ére still on the steeply-sloping downwaaléortion of .the ~
curve and cannot be rellably extrapolated for 1onger terms.

. However, relatlve differences between the undlsturbed and
skid road surfaces are of some interest. - A loose comparlson
can be made with data given by Lewis (1968) in'hié study of
.'infilt;ation capacities of undisturbed and skid roéd surfaces
o@ two coarse glaciomarine soils in southwestern British
Columbia. Fifteen-minute infiltration rates inferred from
his datd are (approximately) 18 cm. and 15 cm for undisturbed’

soils and 9.5 cm and°3.2 cm for their respeétive on-road

Vcountefparts. The figures fq; this study are 26 cm and 18



cm for undisturbed Quartz Creek and Rock Creek soils,
respectively, and 22.6 cm and 3.3 cm for skid road surfaces.
Therefore 15-minute infiltration rates on skid road surfaces
are only 53% and 21% of the rates for undisturbed surfaces
in Lewis' (1968) gtudy, compared With 87%;and 18% for this
study. The fine-textured Rock Creek soils, theoreticallyy
more susceptible to compaction than Quarfz Creek sbils, may

partly explain the dramatic reduction in infiltration.

Rill erosion was more pronounced on the Rock Creek site than

on the Quartz CreekAsité. On Quértz Creek, average rill
length to 2.5 cm aepth was 31.2 metres on'an average slope
of 29.6%, compared to an averige of only 5,7 metres on a
similar 27.2% slope for Rock»Cféek.

Kidd (1963) sﬁgéested that for similar skid road- gradients
(about 30%) erosion control structures shouid be spaced 40 -
feet apart on granitic soils and 60 feet apart on’basaltic'

" soils. ‘If climatic cond’tion. were®assumed to be comparable

(there is no basis fdg‘EUCL .r -ssumption) the results of
this study would suggest 1 . Quartz soils are rela-
tively less erodible and Rock Creek ‘1s .re more erodible

than granitic or basaltic soils. Lack of good climatic
information precludes more detailed comparisons of relative

erodibilities.
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4.4.3. Implications of Soil Disturbance to ‘
Forest Managers

Researchers have been guided in their interpretations of
soil disturbance by general relationships between the
extent and severity of soil disturbance and site degra-

dation. Smith and Wass (1976) express a common sentiment in

| L)’“
their statement,

"Until further specific information is gained, we are
assuming that any mineral soil exposure results in an

increase in erodibility and that disturbance over 25 cm

in depth»(very deep classification) is potentially
harmful\to the site" (p. 32). :

. \ ,
Their recommendations are consistent with this approach:

"Some maximum extent and severity of soil disturbance
on steep slopes will have to be considered. This limit
will vary with the site (soil,- climate, topography and
stand. composition), but even on_the most stable soils,
exposure of mineral soil in excess of 25 to 30% should
be avoided on steep slopes. Very deep (over 25 cm)
disturbance should be keptito as low a proportion of
the total mineral soil exposure as possible" (p. 35).

Depth of disturbance is widely coﬁsidered to be synonymous

‘with severity of disturbance. In general, disturbance that

is cohfined to the surface few centimetres of the soil
(light disturbanée in this survey) appears to have some
silvicultural benefits as most conifers prefer mineral soil
to duff orllitter seedbeds. Scarification, for example, is

essentially a technique to enhance natural regeneration by

137



generating light soil di;turbance, and is recognized as a
viable si%vicultural prescription in most provinces. The
Alberia Forest Service (1977) suggested that disturbance
should cover about 20% of the area, be well distributed, and
preferably consiét of a miXtﬁre of duff and mineral soil.

In some situations légging-generated disturbance may satisfy
silvicultural goals. For exéﬁple, Glen (1979) states that
drag scarification is hot normally réquired on summer—logged
sites in the interior of British Coiumbia. ;However, since

- soil distﬁrbance is generally a by-product rather than a
goaliof logg;pg, its spatial distribution may not meet
silvicultural requirements in all éircuﬁstances (Stewart,

1978).

Deep disturbance appears to have more limited value, while

138

there is little doubt that very deep disturbancé is detrimental.

.to most forest sites. This is particularly true for soils

on steep mountain slopes where the Tooting zone is often

"gshgllow,aﬁd.éubsoils aTe compacted, unweathered and relatively

%
infertile. The results of the second part of this study
outline some of the concerns associated with deep and very

deep disturbance: altered chemical properties that may

'
i
'

/
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exceed the tolerance flmlts of conlferous regeheratlon,
exposure of denser or compacted soils that may 11m1t root
growth; and reduced infiltration capabilities that may

render exposed soil.more susceptible to overland flow ‘and

erosion.

Since Qery deep disturbance appears to be most harmful,
forest managers should focus their planning efforts on
l/%educing its extent and .on rehabilitat;ng seyere1y~disturbed
sites after logging. In this context quantifative soil 1
disturbance inforﬁation can be used as a'tool to-determine
tfeatment methods and priorities, based on the source of

disturbance and its re%ﬁtlve importance as .a contrlbutor of

\

deep and very deep disturbance. The results of thlS study
suggest'the following guidelines: |

. v
(1) Haul roads and landings are probably the most .
' severely-disturbed sites on logged areas. More
~than 90% of disturbance associated with these
sources is in the deep and very deep categories.
The type of treatment required will be dictated by
the intended period of use. If the road is a
permanent part of the forest access network,
treatments.to control erosion are important. If
the road (or landing) is only a temporary struc-
ture (eg.. a spur), emphasis should be °n restorlng
the site to a productlve state.

(2) Skid roads on groundskldded sites are charac-

. terized by more light and deep but less very deep
disturbance than haul roads or landings. However,
they are also the largest contributors of distur-
bance of all depth classes. Since sk1d roads are



(3)

disturbance..
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almost always abandoned after logging, the area
occupied by them is available for timber growth;
consequently treatments to restore such sites to
a productive state should be considered. Erosion
control is essential during the period required
for vegetation to re-establish and stabilize the
skid road surface.

Yarding-disturbed areas are usually the least
severely-disturbed sites on logged aréas. Coupled
with the fact that yarding generally represents a
minor source of disturbance as well, specific
treatments are probably not needed unless excep-
tional circumstances create extensive yarding

i

Options For Minimizing the Detrimental

Effects of Soil Disturbance

|

One of the most obvious ways to minimize soil disturbance

(and one that is frequently suggested in the literature) is

to adopt logging systems that generate lower levels of

disturbance than systems currently in use. This solution

has gained considerable support, to thevpoint where alter-

native means are apparently forgotten. In practical terms

this solution is often the most difficult one to implement

effectively. An‘effective effort to reduce the levels or

effects of detrimental disturbance must incorporate the

following alternatives: (a). use logging systems that pro-

duce low quantities of very deep disturbancej (b) improve or



quffy current logging systems through better planning and
supervisibn; and (c) rehabilitate~severely-disturbed areas

when logging oﬁérations are completed. .

(a) Use of Alternative Logging Systems

This appfoach is one of the solutions proposed by the Steep
Slopes Guidelines (Brifish Columbia Forest Service, 1973,
1974). In the context of the Nelson Forest Region, cable
‘systems would replace groundskidding systems for iogging-
slopes steeper thén 50 percent. A switch'from’grouﬁdskid-
ding to cable logging methods would virtually eliminate the
éneéd for skidfroads.‘ Since skid roads are the siﬁgle larg-

est contributor to total soil disturbance as well as to each

depth categéf&, substantial reductions in deep and very .deep

disturbance could be gained. The extent to which soil
disturbance can be reduced by cable logging depends upon the
chdice of cable'system and the care taken in layout and
'1ogging. A variety of cable yarding systems and machines

are available, each with different yarding éapabilities and~

'héul road”andAlanding requiréments. Systems. having applica-

tions for the Nelson Forest Region are: jammer yarders and

long-boom cranes (highlead and grévity slackline); mobile

S~
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steel spars from 40 to 70 feet in height (highlead); and
yarding cranes (highlead, slackliné, running skyline or
grapple-yarding) (Studier and Binkley, 1976; Larsén, 1978;
Wellburn, 1975).

Jamme?\systems have the shortest yarding distance (200 to
500 feet uphill, less than 300 feet downhill) and therefore
the highest road densitiés of any‘cablé logging systems, but
can work on narrow roads and small 1andings (Lysons, 1974).
Grapple-yarding'systems.are usually limited to external
yarding distanées of 400 to 450 feet. Haul road densities
are high, and wide roads are needed fdr these larger and
heavier machines. Perimeter roads around the block add to
" so0il disturbance if mobileitailhold spars are'uséd (see
Smith and Wass, 1976). On modefste slopes gfappie Yardefs
can windrow logs along the road side but on steep slopes

. \
_ they require landings to deck logs (Burke, 1972).

Highlead systems yard eff1c1ent1y to 500 or 600 feet and can
be extended to 700 feet or more if deflectlon is good Haul
road requirements vary with the size of the yarder. Some
smalllyarders can operate on narrow roads but larger ma-
chines designed for coastal conditions require wide roads
and adequate landings. Uphill yardingkcaﬁability also

varies with the type of yarder (Wellburn, 1974, 1975).
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Slackline and running skyline systems are capable of yarding
efficiently to distances of 1,000 to 1,200 feet (Wellburn,
1975) and thus can feduce'hadl road deneities substantiélly
(Burke, 1975; Lysons, 1976; Mann,11977). Rﬁnning—skyline
yarders ‘are capable of swinging ahd decking logs on haul
roads but they‘are less effective at piling logs on land-
ings. Since moef of these yarders are large and heavy, they
require wide roads to work on. Good landings are crucial to
an efficient skyline yarding operation (Cerson, 1976). |
Solid guyline and tailhold stumps are required for all cable
systems and are espec1a11y important for 1arger machlnes and
long-1line systems which can impose very h1gh loads on

i

anchoring stumps.

‘ \

- Good logging layout is essential to taking full advaneage of
the capab111t1es of a yarding system. The engineer must
plan for adequate roads, landings and deflection. The
advantages of cable yﬁrdlng systems in terms of reduced soil
dlsturbance are 1ost‘1f 1nadequate\p1ann1ng results 1n‘short
(for the system) ya}dipg distanees and high haul road
densifieé, or lack of adequate deflection with consequent
high yarding disturbanee (see Figure.Zl). |

oy

—



144

FIGURE 21. Yarding gouges resulting
from poor deflection.

Although,cable-logging may cause less soil.disturbance than
groundskidding, the reduction is usuélly accompanied by |
considerably higher 1ogging costs.? For example, Wellburn
(1975) estimgted total logging costs pef cunit for skidder,
tfactor and a’variety of alternative cable systems, and

determined {hat skidders\were the least expensive ($6.25/Ccf),

tractors the next least expensive ($9.03/Ccf), and'cable
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systems the most expen51ve ($9.93 to $12. 91/Ccf) . For poor
logging chances (small wood, low volumes, and short oper-
ating seasons) skidder and tractor logging costs increased

by about 709 but cable 1ogg1ng costs almost trlpled

Cottell, McMorland and‘Wellburnl(197Q}v SR mfelllng,‘

Columbia and Alberta. : S

\ .
(b) _Modifications or.Improvements‘to Existing Methods

v

It may be possible to reduce soil diéturbancé by altering
current 1ogg1ng techniques rather than adoptlng different
logging systems. Improved plannlng for and superV151on of
$%§ﬁrrént logging‘systems and operations are essential.
Murray et al. (1976) described the considerarions and
:procedures required of loggers, supervisors and planners to
minimize unnecessary soil disturbance on.groundskidding
operations. ‘Some of the suggestions, such as the use of
preplanned skid roads, offer opportunities for reducing the
total length 6f skid road oh groundskidded sités. Careful

planning of haul roads for an entire development area,

U

Y
¥
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)

rather than for individual cut blocks, i$ needed to minimize
the tofal length of haul road for the development area.
Figure 22 shows an example of a system of parallel haul

roads planned to access a large development area.

FIGURE 22. Haul roads planned and located
. to access several clearcuts.

Froehlich, Aulerich and Curtis (1981) assessed the feasi-

bility of planning skid road networks to reduce the'pé;tion

)
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of commercially-thinned areas occupied By-trails.‘ Skid

trail disturbance on a'convehtidnally—logged control area

was 20% compared to 11% when skid trails were spaced 100

feet apart, 7% when spaced (150 feet .apart and only 4% when
spaced 250 feet apart. ‘Average w1nch1ng dlstance was 32.8
feet in the conventionally-logged area, 34 feet on the area
with 100-foot spacings, and 52.4 feet;en the area with 250-
foot ‘spacings. Log production was not noticeably affected

by increased trail spacings. Two grounaskidded cleareﬁts,
one having a random network of skid roads and the other a
preplanned, preilocated network, are compared'in Figures 23a
and 23b, respectively. The formef coﬁtains closely S§acedA
skid'foads‘with varying gradients and a range of skidding
distances. Skid roads in the latter block areﬂspacea fur-
ther apart aﬁd are parallel to'the coﬁtours; The skid roads
are connected to the landings via éteep feeder roads (see
lower center portion of elearcut).

Opportunitieslfor reducing site.impacf through the use of
alternatife‘groundskidding machines has feceifed some atten-
tion in the Nelson Forest Reglon. ‘Interest has been ex;
pressed in low- ground pressure tracked skidders with higher
grade capabllatles than wheeled skldders and crawler trac-

\ Vq“h'

~ tors. Powell (1978) reported that 5011 dlsturbance by these -



a. Skid foad”networftﬁqg preplanned.

b. .Skid road network préplanned and pre-located
prior to 1ogging.

FIGURE: 23.-. Comparison of random and pre- located
skid road. networks.

LA Skid road network not preplanned
. b, Skid road network preplanned and
' Co pre- located prior to logging.

*
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machines -was within acceptable limits, but.skidding'costs
were higher than for conventional crawler tractors. McMor-

" land (1980) oxamined the use of small (D-4 or equlvalent)

|
v

crawler tractors as Lompared to conventlonal sized tractors

(D-6) in the Nelson Forest Reglon. Total 5011 dlsturbance.

on blocks logged w1th the small tractors averaged about two-

\

‘thlrds of the level recorded for blocks logged with larger

wp

vtractors; Haul road-auland1ng and yarding- related distnur-

bance was similar for both operatlons, while skid roadr

K

related dlsturbance on the blocks logged W1th small trac-ors

1 ‘n

was | only about half the level found on the’blocks logged

-

mw1th large ‘e actors.~l Vary deep d1sturbance caused by skid
S roads decllned by one-third on summer- 1Qgged 51tes and by
three quarters on w1nter logged 51tes. Reduct1ons in sk;d

,road related 5011 dlsturbance were attrlbuted to the much

’ smaller sk1d roads requlred for the smaller tractors.

T

-é¢) Rehabllmxatloﬁjof Severely Dlsturbed Sltes
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A wide range of rehab111tatron and erosion control “tech- i

nlques has been de51gned for forestry appllcatlons. The?b
ffobjectlves of rehab111tat10n are generally twofold (1) restore’

l g

severely d1sturbed sites to a productlve state,_and (2)
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Haul roads are perhapc the most severely—disturbed sites on
logged areas ﬂnd the*@fore are prime candldates for re-
hab111tat1bn%¢ Howe er, w1th the exceptlon of some dead end -

\ $ /f\ e e R {\
spurs, haul’Foads are usually regarded as ﬁermanent struc- ;

f

tures and the 1and they .occupy 1s CoﬁSLdered removed from

t1mber productlont Because tth w1thdrawal is permanent

,.‘x'

) empha51s should be- plared on m1n1ﬂ1zing haul road densities

within a, development area through careful plannlng bﬂo
'::“.'_"i‘l‘:ﬂ' o . / . . - | , s\! -.\'. \

e ;

(iRehabiiitation measures for permanent haul roads will gener-
ally focus on erosiothontrolr while restoring site produc-
t1v1ty should be the goal in ‘the case of temporary spurs .
which are abandoned after logglng is comple . Er051on'
control is best considered’ln.the plannlng andpléyout stages

and 1mp1ementat10n of controls should occur durlng construc-

N

tlon Once the Ioad is bu11t the success of er051on controlv

4.‘4

measures depends 1arge1y upon the level and quallty of road -

Amalntenance practlces.( A 1arge body of’ 11terature describes

-

road malntenance practlces and - rehabllltatépn technlques for

’;//ér051on control in a varlety of geographlc and cllmatlc‘
. settings (Packer and Christensen.,, 1964; Rothwell 1971,_
Fisher and Taber, 1975; Megahan, 1974b, 1977; Carr, 1980;
,Haupt; 1959a; Kochend%rfer;31970); ’

N e ¥ £ . o
e ¥ N *fg‘ : - ":;: B'g - " “"‘Q'v A
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Landings aTevdistinct fTMW.haul-roads in that "“ev -enerally
occupy a smaller proportion of‘logged areas than naul toads
and are usually abandoned after logging. Rehabilitation |
measures are hecessafy to resfore landing-areas to produc-
tive.tree growth as well as to reduce soil loss. lﬁeee'.‘
measures usually include graes-seeding, fertilization and
soil ripping or tilling to counteract compaction (Adams and
Froehlich, 1981; Gjertson, 1949). The British Columbia
Ministry of Forests now requiresxlandiégs‘to be:rehabil—b\
itated following logging.operationS»in_most Interior regions.
Skid roads are lesshdeeply disturbed thap haul roads or
landinge,'but are the major eouice‘of soil disturbance on r
groundskidded‘clearcuts and, on average, cause more very v

deep disturbance than all other sources. Skid road sur-_

'rrv,) "
Y

faces, at 1east on summer - 1ogged 51tes, wete generally
compacted and resembled subso1ls in their: chem1ca1 and

physical properties. ‘As a result, skld,roads_probably have

a greater 1mpact on groundskldded 51tes than all other

'sourcgs Numerous studies have descrlbed exten51ve erosion.

on -skid roads . (Garrlson and Rummell 1951; Smith and: Wass,

1976; Dickerson, 1975; U.S. Forest. Service, 1953; Kidd,

b
|

1963)land reducﬁions in seedling'gfowth‘on compacted skid

- roads (Smitﬁ;anﬁ Wass, 1979, 1980; Yeungberg,‘lQSQ).-'Since

LT e
l . . o
f |

/

/



skid roads are intended to revert to timbef‘production after
'>1ogging,'rehabilitation measures must be designed both to
control soil erosion in the short term and to restore the

»ﬁ;@ites to a productive state.

3 a N
J
L b ;:)

QQQR s0il less must be expected durlng and ¥ollowing 1ogg1ng.

_Cons;derable losses may occur during logging operations
(Hoofér, 1945; ¥.S. Forest Service, 1953). Most.subsequent
'g erosion occurs within the first year after logging (Megahan,
4 1974a; Megéﬁan\and Kidd, 1972b; Leaf,»1974). Therefore any
deléy in applying efosion control measures reduces the
- effiCiency of the rehabilitation efforé Short-term erosion
control technlques coupled with longer-term methods offer
‘the best Chance of -success. In general, short-term methods
‘stress Confrol of~sufface runoff while longer-term methods
} emphasize‘revegetation of disturbed surfaces. Séveral )
‘publications describing erosion control‘£echniqu:g for skid
roads-and.haul roads ére‘available (Hauét, 1959a; Kidd, 1963;
Murray et al;, 1976; Packer and Christensen, 1964; Carr,

1980).

-
1,
[3 : 7

To date there has probably been more emphasis in the Nelson
Forest Region on cdntfolling erosion from skid roads than on

restoring site productivity. The recent studies of Smith

152



and_Wéss (1979, 1980) define the implications of skid roads
on tree gréwth and site productivity in this region. In
their most recent work the authors have developed a system
for rating sitesﬂaccoraing to their potential for site loss
(Smith and Wass, 1980). Fine—textured_calcareous ég%wﬁ et
(similar‘to those of Rock Creek) suffer the greatest losses.

Effotts to restore productivity must take these differential

site responses into account.



5. SUMMARY AND CONCLUSIONS

5.1. Summary

*

Soil disturbance was meésﬁred on thirty-one logged areas in
the Nelson Forest Rggion of British Columbia in the first
part of this study. In the second phase, physical anq
chemical properties of skid road surface soils were measured
and compared wifh adjacent undisturbed surféce soils and
subsoils, and rill eroéion on skid roads was correlated with

slope gradient and length.

.

The sampled clearcuts occupied a range of slopes;~aspecté

’

elevations and biogeoclimatic zones-but the majority were in
high-elevation mixed stands of Englemann spruce and sub-

[

L gt
“alpine fir. Twenty-five of the thirty-one clearcuts!were

>1ogged with rubber-tired ékidderé‘or crawler\traétors»of
various size élasseé. Fifteen of the groundskidded sites‘
were logged under "'winter'" éonditioﬁs (on_snbwpacks and/or
'_frozenvground) and ten were logged under "summer" conditions

\ : :
(on bare, unfrozen ground). Average ;sideslopes for the

groundskidded blocks ranged from 5.2 to 52.4.percent.

R

‘ Si{ clearcuts were logged by -cable methods -- three by
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highlead systems and three by grapple-yarding systems. The
cable—yafded blocks wore equally split between summer and
‘winter operations. Average sideslopes ranged from 32.1 to

i

74.2 percent.

Groundskidding was found to cause significantly more\éoil
dlsturbance than cable- yardlng Forvsummer'logging oper-
(‘ .

ations. groundsklddlng caused an average of 45 4% disturbance

(range 28.8 to .65.0%) comparedwto an average of 29 S° (Tange '
tﬁ. ’

21.5 to 39, 9 ) for cable yarded clearcuts.. Un,er w1nter

gy
condltlons groundsklddlng generated an average disturbance
of 40.4% (range 13.7 to 52,6%),While cable—yarding caused an

‘average disturbance 0f¥22.3% (range 12.3 to 28.4%).

Skid roads ‘were the largest contributor of soil disturbance
on summer and winter groundskldded clearcuts (28.8 and
24.4%, respectlvely, in absolute terms) bug were a mlnor
" component on cable-ya;ded'Sifes (2.8 and 2.7% on summer- ana
wintef-logged sites, respectively) Haul.roads Were the
second major source of dlsturbance on groundskldded cl%gr—

. cuts (8.3% in summeT and 7.6% in w1nter) and overall were
the largest contrlbutor on cable- yarded blocks (9.0% in

summer and 16.6% in winter). Landings contrlbuted less

disturbance than haul roads: 5.1 and 4.3%.on summeTr and



winter grounaskidded sites; and 1.3 and 0.5% on summer and
winte; cable-yarded’sites, respectively. Yarding contrib-
uted the least to fqtal distdrbance of the four sources on
groundskidded sites -(3.2% for summer and 4;0% for winter)
and was the third 1arggéf contributor overall (ahead of
1andings) on'céble-yarded sités (16.4% in summer. and 2.5% in
winfer). . ‘ o
The surveys éoﬁfiymed the‘opihion that skid roads would be
the largest contributor of soil disturbance on gqundékidded
sites. The purpose of the skid roads on the cable-yarded
sites was not always evident bu£ itjappearéd that tractors
.were occasionally used to log areas of pébr deflection.
Landings caused slightly more soil disturbance on ground-
skidded than on cable-yarded sites. With the exception of
one anomalous value in each category, disturbapqg levels for
haul roads and 1andings were similar fg@ﬁthe two logging |
systems. The high value d% haul road—;éiated disturbance on
winter cablé—logged si;es was thought to beia function of |
cutblock layout and haul road spacing, while the high level
of yarding-related disturbance on summer cable-logged blocks

appeared to reflect adverse site conditions (uniform, steep

slopes, dry sites and thin duff layers).
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More disturbance was classed as very deep on summer than on
w1nter/groundsk1dded blocks (19.2% versus 13.6%) but amounts
of light and deep disturbance were similar. Summer.cable-

yarded sites were characterized by more light (15.1%) than

~deep (5.5%) or very deep disturbance (8.9%), contrasting

Qith winter cable-logged blocks which featured more very‘
deep (14.3%) than light (4.3%) or deep disturbance (3.7%).
The ﬁost noticeable difference between logging systems was
the higher level of‘deep disturbance on groundskidded as

compared to cable-yarded clearcuts.

Source and depth of distUrbance were found to be strongly‘

correlated, with eac%ﬁflsturbance source having a unique and

. }
characterlstlc depth distribution that was 1ndependent’of

logglng system and logglng season, and only marglnally
influenced by slope steepness Haul.roads and landlngs
generated m@stly very deep disturbance but. very 11tt1e light
dlsturbance (they differed in absolute amounts, however) ‘
Skid roads created mostly deep with lesser amounts of very
deep and.iight disturbance. Yarding’was characterized as

mostly light disturbance with minimal levels of wvery deep

-

disturbance”

%

it
L
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R
>
.
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Seaggﬁ;of 1ogging had no significant effect on soil distur-
‘bance levels, altnough‘it was noted that winter logging
generated 5% less (in the case of groundskidded systems) to
7% less (in the case of cable-yarding systems) disturbance
than corresponding summer operations. Differences between
summer and winter cable-yarded sites were thought to be due

to adverse site conditions and cutblock layouts rather than
a0

to seasonal effects.

Overall, siope steepness did not significantly influence
total soil dlsturbance levels on groundskidded clearcuts but
did affect 1evels of skid road- and landlng related distur- . =
bance. The survey showed that skld roads generated 51gn1— :
ficantly more disturbance on moderate and steep slopes
(slopes over %20%), than on gentle slopes. Landing-related
 disturbance decreased with increasing slope, howh?er, with
significantlywless disturbance on_steep (40%+) thar on
gentie or-moderate’slopes. The survey showed a ShlLt toward
deeper average dlsturbance with increasing slope on ground-
skidded sites, the trend be1ng espec1ally well- developed on
winter-logged sites. This trend was not statlstlcalfy
51gn1f1cant however. The depth profile of skid road-

: /
.related dlsturbance was strongly shlfted toward deeper

dlsturbanpce» but the profiles of,othe rces showed 11tt1e

or no slope effect. - o Y

4
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The second phase of the study demonstrated that skid road-
related disturbance was also qssociated with substantial
shifts in a variety of soil propertiesa Soil pH, qarbpnate
content, and bulk densities were higher and infiltration
rates and organic carbon were lower foy soils on the skid |
road surfaces than for adjacent.uﬁdisturbed soils. Bulk
@ensities of‘skid road surfaces averaged 9.5 and'12.8%
higher than for undisturﬁ§§ soils on the Quartz Creek and
Rock Creek areas, respectively. Infiltration rates of skid
roads were 87% of rates'for undisﬁurbed soils ip coarse-
~Eextufed Qﬁart; Creek soils, but oﬁly 21% in fine-textured
Rock Creek soils. In general the skid road surféces Te- g
sembled subsoils hore than sUgfaEe soils in their physical |
and chemical properties. Tﬁegairection of»théée sh%fts, if‘
nqt‘thé magnitudes,. Qere iegérded,as unfaﬁburable in.t?rmg'
of seedling'sdrVival and growth a;d e;osiog”risk.
Rill erqsidn wag much more advanced on the Rock'Creek.than
on the Quartz Creek site. Rills achiéved a 2.5-cm depth in
5.2 metres on 27% slopes on Rock Creek soils, compared with
chl.Z metres on 30% slopes on Quarti'Creék soils. Average

volume of ﬁaterial eroded per metre éf rill ieﬁgth wds

almost twice as high on Rdck Creek as on- Quartz Creek

(5 044 ch3/m versus 2 670 cm?/m). These observations were

. - . PR
v R B 28 oy
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consigtent with the genfrally~he1d view that fine-textured
soils are 1nherent1y mote erodlble than coarse-textured
soils. Also, the developmenﬁ of an "erosion pavement' of
pebbles and‘angular rock fragments may have retarded rill

erosion on the Quartz Creek site. No such pavement was

observed in the Rock Creek rills. o y

5.2. Conclusions

The results of this study support the widely-held view that

groundskidding logging systems usualiy disturb soils on a

larger proportion of the logging area than do cable 1ogg1ng-

systems. ThlS survey suggests that the difference in ‘areal

extent is«between 15 and 18% in absolute terms.

The addltlonal dlsturbance is due to the need for skid
roads. Skid roads form an 1ntegraf part of the logitrans-
port procéss in groundsklﬂdlng systqms, particularly where
slope steepness gpp}oééheg or exceeds the terrain capabil-

ities of tractors and rubber-tiréd‘skidders. -

Skid roads contribute -more very -deep and deep soil distur-

bance than any other source. Since these depth classeﬁ?

e
i

¢
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particularly the.very deep category, are most strohgly
assoeiated‘oith potentially‘dettimental effects in terms of
'soil erosion and site productivity; efforts'to minimize the
environmental impacts of groundskidding systems must clearly
concentrate on skid roads. A twofold emphasis 1is. suggested
(1) erosion control measures should be applled as soon as
 possible after logglng is completed and (2) skid roadsa
should be rehabllltated to restore their timber- grow1ng

potential.

i .

Based on this surveyiiggoundskidding and cable yarding

systems are similar in other respects insofér as ‘source of
disturbanee is concerned. Both syste;s require haul roads

and landings and, on average, have similar road densities.
Certain cable (running-skyline or grapple-yarding) systeﬁs_
appear to offer some advantage over highlead me thods ih that
the heullroad can doubie as. a log deck or 1an§ing, but tﬁey F.b
also characteristically:employ shofter yarding distances and
therefore oertower road spacings. The opportunity for
reaucing haul road- aﬁd landing-related soil disturbahte by

ing cable over groundsklddlng methods therefore appears
llmlted K



P2

-exnerience and attitudes).

\.)‘
Yarding-related disturbance is minor in both extent and

y :
sever i y and, except.,under unusual circumstances, does not

appear to constitute a serious probleh on logged sites.

Season.of logging and slope steepness, appear to have much
less influente on soil disturbance levels than 1is commonly'

credited to them. vThe,extreme.;ange in soil ‘disturbance

estimates~suggests that several factors in addition tq the

ones considered here exert strong infllences on,soil distur-

bance levels. These may be related to site conditions (for

example, aspect -and its effect: on site m01sture status,

depth of duff 1ayers) or to logging condltlons (tlmber 51ze

|
and density, ‘type and size of 1ogg1ng equ%pmenptlroad loca-

‘tion and cutblock layout, ahd supervision and logging crew

¥

) ! -

o
The usefulness of 5011 dlsturbance 1nformat10n for plannlng

and ‘decision- maklng purposes w111 remain limited unt11 some

of these addltlonal factors are identified and the1r effects

. on soil dlsturbance levels are def1ned

vy . v
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6. RECOMMENDATIONS |

] e . ' P

o .
-

“This studv has attempted to 1dent1fy and expla1n statis-

IR

tlcally 51gn1f1cant dlfferences in 5011 dlsturbance (1n -

Wter of levels, sources and depths) between groundsklddlng

® and cable yard1ng logglng methods. It has also attempted to

a$§oc1at- 5hanges 1n so1l p2y51ca1 and chemlcal propertles

\ w1th;keya§15twrbance character1st1cs of source and depth

Durlng the course of thlS study certaln 11m1tat10ns of thls

L '-'eu .

form of survey, as“ﬁell as toplcs requlrlng further re- -

[ \‘

.search have beenkrecogn1zed l@These will be dlscussed B

*

br1efly in this section._ 2 f LR - g o

- oo < A‘S‘WKX . .
< R . v D ¢

S . . . : ORI

. L ' ‘ . .\“\ Dol
Dur1ng the fleld surveys rt became apparent that 501 dls-u

J

turbance levels were 1nfluenced strongly by operatlonal (as

opposed to:env1ronmental) factors such as cutblock,layout,

~haul road and lahdingflocations, size of éround?kidding

machlnery, and Characterlstlcs of the tlmber stand This

survey (and most other 5011 dlsturbance surveys as well)

placed more empha51s on env1ronmental factors (slope, seasonbr'

&

of logglng), however and was not well su1ted to d1scern .
«

operational effects. Consequently ‘the survey results were '
; g

characterlzed by large unexplalned varlatlons in dlsturbance N

estlmates w1th1n the maJor logglng method/logglng season 'V

.

ot
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groupings, variations -which.reduceg¥

.+ . subsequent statistical gnalyses.

P )
N N
\ ?

Further research into soil d{sﬁgagance.levels on logg ed
) w

areas must account for the potentlally large 1nf1uence of

i) . R
operat10na1 factors. Observatlons made'durlng thls f1e16“% ;
i 4 37 )
- survey. suggest that the key facto§s to’ con51der (in addltlon

\, » i

b

wto method o§ 1ogg1ng and source and depth of dlsturbance)

l\u

'r haul road and 1and1ngs spec1f1cat10ns, 31ze of eqm%p- b»,}L

"ed (partic lﬂrly for roundsklddlng systems), average :
g g

_”;i iskid'fng or yardlng dastances, and t1mber stand charactef-l “

'"{;istics (tree size, Qlece S1ze, volume per hectare). " Dg v
, . K
' : 4 \:'q‘f L.
‘,pendlng upon Study obJect1Ves,~other strathlcatlon ;Kltj ia
T e &»N B S I S R o
. may be n%eded as well. ' o X o f/_
1 A

.)‘A - ’ 3N J. ’ ..‘7 ’ ‘ ’

< ~

The second phase of this study was 1ntended as a descrlptlve .,

=]

ad]unct/to the 5011 dlsturbance survey rather than as @

l

comprehen51ve analy51s of the relatlonshlps ‘between 501L

™

v . , ', A,
/%’-c dlsturbance and its- effétts on 51te quallty : It suggests IR
‘that 5011 dlsturbance assoc1ated w1th skld roads is- accom—

panled by substantlal shlfts 1n several 5011 propertles and

»

characterlstlcs.t However, the sample is too small to gener-'f”

< .
Fs )

‘alize dver the full range of 51te condltlons. Further study

! <

1nto the relatlonshlps between soil dlsturb 2 angaspil
. . R ! .
.. D :

S R B
e 5‘:’,‘ “Ey —{.»7 E L
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property changes is recommended, W1th emph351s on dlsturbed

'\
areas. whlch will revert to timber productlon follow1ng

“~

logging. . o S-S L
. . i - ) . . . . . . :.' v .

‘.' "j * r o . X ' N v. . . c ,1.:,‘ : ‘A . . N “ “_"
wNo attemptqwas made to correlate the type or depth of ggll e

) ,.’, wo

; m S
dlsturbance w1th a quantltamlve estimate of site-loss l_ L
«_1? % “'. / y '_‘.

5nform§t10ndls needed however, in order ‘to, assess the - R
. w v 0
effects or forest management Prac@ates and o choosg from'
: w .
apong a range of altern t1Ve4§oggrng and 51t9 1mprove ent -

7

technlques The recent stud1e9 of Smrth and Wass (1979

o . -
1980) are encouraglng steps¢1n thls dlgectlon., L . »
- . : S e
"f.- N - N ' ’ % e

& B
F1nally, it was noted durlng the flelﬁ surveys that post— 4%

harvest1ng treatments “to control syrface erosion. and to¥

v !

restore dlsturbed&ar@§s°tc a pro ve state~were applled

b

spOradically. 'Extensive research has'been\done in other

’

~areas tc—develop practical and 1nexpen51ve 51tesrehab11—

/0N
itation techniques.' These ‘may have t? be modlfled sllghtly
to su1t local condltlons “and requlrements, but most of: the

¢
basic research has already been done and is avallable now.,

l' . o -

13 -~
o

LA program to test the effectlveness of the most prom151ng

. ﬁ -

technlques (as well as new ones as they are’ developed), and

to.modlfy them, if necessary, is essent1a1

B
~
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NELSON FOREST DISTRICT,
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, :

T.F.L., TJS.H.L., T.S.L. LICENSEES AND CONSULTANTS.

I-1: DATED JUNE 18, 1973 .

I-2: DATED - OCTOBER 4, 1974.

’
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Nelson .
June 18, 1973

Silviculture Sup., T.F.L. Sup.
T.S.H.L. Sup., P.S.Y.U. Sup.

ALL T.F.L., T.S.H.L., T.S.L. LICENSEES § CONSULTANTS:

Dear Sir(s): \

Much of the remaining mature timber in the Nelson Forest District
is lecated on steep to very steep slopes. The use of ground skidding
systems on steep slopes can be damaging .to \the soil and drainage pat-
tern, therefore, we must be more critical o the logging method to be
employed on these areas, and this letter is written to give you noticé€
that we will be examining your proposed logging® system more closely in’
future. o ’

As of today,” ground skidding systems will mnot be approved on a new
application over areas having a general slope in excess of 70% and areas
having slopes between 50-70% will be more critically assessed for pos-
sible adverse effects. Areas over which an application has been accepted
oriplan haé$ already been approved will be reassessed. After January 1,
1974, cable logging systems or an acceptable substitute will be man-
datory on any area where soils, slope, vegetation, aspect, drainage,
climatic or other conditions render the site subject to excessive envi-
ronmental damage. : ‘

~ As a rough guide, ground yarding systems will not be approved for
areas having slopes over 50% although exceptions may be made in specific
cases for winter logging on the snow. The soil is the basic resource of
the forest insofar as all uses are concerned and it is too valuable to
allow undue damage. It is realized that special equipment and.crews may
be necessary for cable logging and if applicants cannot provide the
system for the. area, it may have to be reserved for cutting until
approved systems are provided.

When submitting the application, the applicant will have to indi-
cate on a contour map, these areas on which he plans to use a cable
system in order that field staff can comment. This information is also
necessary to allow recognition of extra costs of cable yarding in the
appraisal. Although we specify the using of a cable system of logging
for the steep slores, we are open for proposals of other logging systems
that will protect the area during logging.

Your consideration will be appreciated.
Yours truly,

J. R. Johnston, R.P.F.,
District Forester
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I-2 N o
: Nelson
V1L 4C6
A October 4, 1974
M. Cable Logging
ALL T.F.L., T.S.H.L., T.S.L. LICENSEES, O :

& FORESTRY CONSULTANTS,
NELSON FOREST DISTRICT.

Dear Sir(s):

This is further to our letters of June 18 and July 23, 1973 per-
taining to ground skidding restrictions in Nelson Forest District.

The intent of this’letter is to explain our current Nelson Forest
District policy and the procedure to be followed where cutting plans are
submitted covering areas of steep slopes or fragile ground where some
logging method other than ground skidding should be implemented.

Pdlicx - The present policy in this regard is as follows:

(1) Cutting Permit applications covering an area with a
: general siope in excess of 70 percent.

- We will disallow an application over an area where the
average slope exceeds 70 percent unless cable logging
or some other reasonable alternative method of logging
is planned that will leave the site environmentally
acceptable. -

(2) Cutting Permit applications covering an area with a
general slope of between 50 and 70 percent.

- Where there is an application over an area that has

" ar average slope of between 50 and 70 percent, the
licensee must supply a satisfactory explanation to
justify logging by conventional -ground skidding
systems. Soil Stability must be proven before
timber removal by ground skidding methods will be
approved. . :

(3) Cﬁtting Permit applications covering an area with a
general slope of less than 50 percent.

- On an area of fragile ground conditions where soil
stability may present a problem we may insist on a
cutting plan that makes provision for cable logging
or a reasonable alternative method of logging over
all or a portion of the cutting area involved.
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(4) cutting Plans

- We expect licensees to submit acceptable cutting plans
with maps that include such information as contours, topo-
graphic features, forest and non- forest types, method of
logging - eg. ground skidding and/or cable logging, cut
blocks, reserve areas, cutting sequence, landing locations,
as well as a clear delineation of all main, secondary
and branch roads and the state of completion. -

- Procedure

Where an *alternate method of 1ogging may be necessary on a par-
ticular: area the procedure as outlined below should be followed: .

() Assess the area carefully on the ground in respect to the feas-
ibility and suitability of an *alternate logging method and discuss the
proposed cutting plan with the local Ranger. -

(2) Where an *alternate method of 1ogging is definitely planned on an
area, the particular site should be clearly delineated on the cutting
plan map.

(3) Submit.the cutting plan including the pertinent appraisal informa-
tion along with the map showing the area to be logged by an *alternate
method. o v

A ¢lear definition of cutting methods, eg. ground skidding and/or
cable logging for specific areas must be embodied within the cutting
plan or -the plan will have to- be immediately rejected.

To encourage the development of *alternate logging systems, costs
of such systems should be documented where available and brought to the
attention of the local Ranger in order that any reasonable cost estimates
may be used for appraisal purposes. .

Normally, if a portion of the area is to be cable logged, we will
prorate the cable yarding cost with the conventional ground skidding
cost on a per cunit basis. '

Upon final processing in the Nelson Forest District office the
cutting permit document will be issued incorporating the specific con-
ditions relevant to the method of logging. .

Yours truly,

J. R. Johnston,

District Forester

" *N.B. - Where the term "alternate method of logging" is referred to

- above, it shall be construed: to mean any form of cable logging or any
other logging method other than conventional ground skidding systems.

c.c. A1l Rangers
c.c. Zone Supervisors
c.c. H.Q. Personnel
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" APPENDIX III

<OTIL DISTURBANCE SURVEYS:
TABLES OF RAW (PERCENT) AND
TRANSFORMED (DEGREE) DATA USED

FOR ANALYSIS OF VARIANCE COMPARISONS.
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VERY

YARDING
LIGHT DEEP DEEP

SKID ROADS
LIGHT DEEP DEEP

LANDINGS
LIGHT DEEP DEEP

idding on slopes greater than 20%.
VERY

HAUL ROADS
LIGHT DEEP DEEP

NUMBER

Soil disturbarce data (percent) for ANOVA test K1
BLOCK

Cable-yarding versus groundsk

LOGGING
SEASON

Table III-1.

- LOGGING
‘METHOD
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VERY

LIGHT - DEEP DEEP

YARDING

SKID ROADS

LIGHT DEEP DEEP

idding on slopes greater than 20%.
LANDINGS

k

(degrees) for ANOVA test #1
LIGHT DEEP - DEEP

Soil disturbance data
HAUL ROADS

Cable-yarding versus grounds
‘LIGHT DEEP DEEP

LOGGING
SEASON

Table III-2.
LOGGING
METHOD
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YARDING
LIGHT DEEP DEEP
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v

SKTID ROADS
LIGHT DEEP DEEP
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VERY

LIGHT DEEP ' DEEP

bl

SOIL DISTURBANCE ASSOCIATED WITH
LANDINGS

ANOVA test #2

ing on slopes <20%

VERY
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Summer and winter groundskidd

SLOPE
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APPENDIX IV

' S0IL DISTURBANCE SURVEYS:

- SUMMARY OF ‘STATISTICAL ANALYSES .

4
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INTRODUCTION

Data from the soil disturbance surveys was analyzed by
Analysis-of Variance (ANOVA) techniques. The basic unit of

analysis was percent disturbance per depth e&lass, trans-

formed to degree data via an arcsine Jpe;centage trans-
formation to normalize the information. The analyses in-
volved fourfold classifications of the disturbance data and
employed randomized block designs with une&en subgroup

v

sizes.

Two analyées were performed. The first compared disturbance

data for cable—yarded clearcuts and groundskiaded clearcuts
vhav1ng average slopes of 20% or more The second stratified
and compared all groundskidded clearcuts by season of log-
eging and by slope classes of less than 206, 20% .to 40%, and
more than 40%. |

Tables of raw and transformed data used in these analyses

are presented in Appendix II.

Means of all -highly significant mai.. effects and inter-

actions were compared using Newman-Kuels Range Test methods.
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ANOVA tables for the two analyses (presented as Table 2 and
3 in Section 4, Results) are reproduced here. Following
each ANOVA table are tables summarizing each Newman-Kuels

Range Test that was, performed on the ANOVA results.

-
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Results of Newman-Kuels Range Test --

Table IV-1la.
cable versus groundskidding on slopes >20%.
a. source of disturbance
SOURCE OF MEAN DISTURBANCE? SIGNIFICANCE LEVELS®
DISTURBANCE' -
DEGREES PERCENT 5% 1% ,
Skid Roads’ 13.82 5.7 a a
Haul Roads 8.82 3.4 b b
Yarding 5.03 0.87 c c
Landings 3.19 0.31 d o
Table IV;lb. Results of Newman-Kuels Range Test -- ‘
cable versus groundskidding on slopes >20%.
b. depth of disturbance
DEPTH OF - MEAN DISTURBANCE SIGNIFICANCE LEVELS
DISTURBANCE
DEGREES PERCENT - 5% ) 1%
Very Deep 9.20 2.6 a - a
.Deep ~7.58 1.7 b b
Light 6.40 1.2 C h

1Sources are listed in order of decreasing rank.
2The means given (degree and percentage) are those

calculated from the ANOVA (Table IV-1).

Newman-Kuels

Range Test is applied to transformed (arcsine

Jpercentage) data, not percentage information.
The statistical results, however, are also valid
for he original percentage data. - : '
3Means followed by the same letter are not
significantly different at the stated level of

confidence.

195



Table IV-1c.

!
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Results of NeWman)Kuels Range Test --

cable versus groundskidding on slopes >20%..
c. method of 1oggﬂpg X source of disturbance
\

MEANS BEING COMPARED, MEAN DISTURBANCE  SIGNIFICANCE
‘ ' . LEVELS
(METHOD /SOURCE) DEGREES PERCENT 5% 1%
Groundskidding, Skid roads 17.50 9.0 a a
Cable yarding, Haul roads 10.29 3.2 b b
Groundskidding, Haul roads 8.29 2.1 bc bc
Cable yarding, Yarding 6.97 1.5 c cd
Groundskidding, Yarding 4.31 0.6 d. d
Cable yarding, Skid roads 4.00 . 0.5 de de
Groundskidding, Landings 3.75 0.4 de de
1.79 0.1 e e

Cable yarding, Landings

Table IV-1d.

Results of Newman-Kueis Rangé Test --

cable versus groundskidding on slopes >20%.
d. method of logging X depth of disturbance

SIGNIFICANCE

MEANS.BEING COMPARED ? MEAN DISTURBANCE

o LEVELS
(METHOD/DEPTH) DEGREES PERCENT 5% 1%

Groundskidding/Very deep 10.26 5.7 a a
Groundskidding/Deep 8.59 2. b b
Groundskidding/Light 6.52 .. c c
Cable/Very deep 6.35 .2 cd c
Cable/Light 6.08 .1 cd c
4.86 0.7 d C

Cable/Deep
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Results of Newman-Kuels Range Test --
cable versus groundskidding on slopes >20%.
e. season of logging X source,of disturbance

Table IV-le.

MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE
' LEVELS -
(SEASON/SOURCE) DEGREE PERCENT 5% 1%
Winter, Skid roads 14.31 6.1 a a
Summer, Skid roads 13.12 5.2 a a
Winfer, Haul roads 8.94 2.4 b
Summer, Haul roads 8.66 2.3 b
Summer, Yarding 6.87 1.4 b
Winter, Yarding 3.76. 0.4 c
Winter, Landings 3.39 0.3 d - c
Summer, Landings - 2.96 0.3 d- c

Résults of Newman-Kuels Range Test --
cable versus groundskidding on slopes >2.0%.
f. source of disturbance X depth of disturbance

‘ Table IV-1f.

~ . :
MEANS BEING COMPARED: MEAN DISTURBANCE SIGNIFICANCE.
‘ LEVELS
(SOURCE/DEPTH) - DEGREES PEBCENT 5% 1%
Skid roads, Deep 17.25 8.8 a a
Haul roads, Very deep  15.56 7.2 a ab
Skid roads, Very deep  13.39 5.4 b bc 4
Skid roads, Light.- ' 10.81 3.5 c cd
Yarding, Light ; 9.58 2:8 c d
Haul 'roads, Deep 6.58 1.3 d e
Landings, Very deep 6.34 1.2 d e
Haul roads, Light 4.33 0.6 de ef
Yarding, Deep 4.04 0.5 de™ efg
Landings, Deep 2.42 0.2 ef fg
Yarding, Very deep 1.49 0.1 f fg
0.89 <0.1 f g

Landings, Light
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Table IV-Za, Results of Newman-Kuels Range Test --
summer versus winter groundskidding
on slopes <20%, 20% to 40%, and >40%.
a. source of disturbance

MEANS BEING COMPARED  MEAN DISTURBANCE SIGNIFICANCE

LEVELS
(SOURCE) DEGREES PERCENT 5% 1%
Skid roads : 16,17 7.8 a a
Haul roads 7.77 1.8 b b
Landings 5.10 0.8 o o
Yarding . _ 4,88 0.7 C ) c
‘ L}
~

Table IV-2b. - Results of Newman-Kuels Test --

summer versus winter groundskidding on o

slopes <20%, 20% to 40%, and >40%,
b.- depth of disturbance

MEANS BEING COMPARED -MEAN DISTURBANCE SIGNIFICANCE

| ~ LEVEL
(DEPTH CLASS) 'DEGREES- PERCENT 5% 1%
Very deep ' ' 9.15 2.5 a a
Deep : g.00 . 2.4 a a
Light 7.30 1.6 b b

%

)
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Table IV-2c.
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Results of Newman-KuelS Range Test --

summer versus winter groundskidding on
slopes of <20%, 20% to 40%, and >40%.
c.  slope

X source of disturbance

MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE #
- . LEVELS

(SOURCE/SLOPE CLASS) DEGREES PERCENT 5% 1%.
Skid roads, 40%+ 18.68 10.3 a a

-~ Skid roads, 20% to 40% 16.80 8.4 a a
Skid roads, <20% 13.81 5.7 b b
Haul roads, 40%+ 8.58 2.2 ©C, c
Haul roads, 20% to 40% 8.09 2.0 c ¢
Landings, <20% ; 7.50 1.7 C. c
Haul roads, <20% 6.89 1.4 cd c
Yarding, <20% 5.87 1.0 cd c
Landings; 20% to 40% 5.13 0.8 cd c -
Yarding, 40%+ A 4.76 0.7 cd cd
Yarding, 20% to 40% 4,05 0.5 d cd
Landings, 40%+ 1.46 0.1 e - d

:

Table IV-2d.

\

\

Results of Newman-Kuels Range Test --

summer versus winter groundskidding on
slopes <20%, 20% to 40%, and >40%.
d. slope X depth of disturbance

SIGNIFICANCE

MEANS. BEING COMPARED MEAN DISTURBANCE

: : LEVELS
(DEPTH/SLOPE CLASS) DEGREES PERCENT 5% 1%
Very deep, 40%+ - 11.08 3.7 a a
Very deep, 20% to\40% 9.77 12.9 a a -
Deep, <20% 9.72 2.8 ab- ab
Deep,. 20% to 40% 9.34 2.6 abc abc
Light, <20% 8.67 2.3 abcd abc
Deep, 40%+ -~ 7.36 1.6 bcd  abc ‘
Very deep, <20% 7.17 1.6 cd ' abc
Light, 40%+ 6.68 1.4 d bc
‘Light, 20% to 40% 6.44 - 1.3 d c




Table IV-Ze.

Results of
summer and
slopes <20%

ewma‘-Kuels»Rahg
inter' groundskid

e. source of disturbance X
of disturbance

e Test --
ding on

0% to 40%, and >40%.

depth

MEANS BEING COMPARED MEAN DISTURBANCE SIGNIFICANCE
. -+ LEVELS
(SOURCE/DEPTH) DEGREES PERCENT 5% 1%
Skid roads, Deep 19.63 - 11.3 a a -’
Skid roads, Light 14,57 - 6.3 b . b-
Skid roads, Very deep 14,32 6.1 b b
Haul roads, Very deep 12.75 4.9 ‘b b
Yarding, Light 8.81 2.3 c c
Landings, Very deep 7.71 1.8 cd c
Haul roads, Deep 6.96 1.5 cd - «cd
Landings, Deep 5.40 0.9 de cde
Yarding, Deep 4,01 0.5 ef de
Haul roads, Light 3.62 . 0.4 - ef ‘de
Landings, Light 2.19 0.1 f e
Yarding, Very deep 1.80 . 0.1 £ e




APPENDIX V

o

SUMMARIES OF ANALYSE\S‘ AND COMPARISONS
. : * v ‘
"~ OF SOIL PROPERTIES ON SKID RdAD SURFACES. .

.
v
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INTRODUCTION
)
Values for five soil propertiés (pH, carbon content, bulk
density, particle-size distributions, an&‘fifteen~minuté
infiltration rates) were determined along a fransect ex-
Atending from the undistﬁrbed soil surfaceiiﬁmediately above
a‘cﬁt bank of é'skidf?Oad; across the skid road surface, to
' the base of the £i11 slope on.the downslope side. Five such

determinations were made, each on a separate skid road; on

each of the Quartz Creek and Rock Creek study sites.

Statistiéal differences'were established 5y ekamining‘each
soil property 1nd1V1dua- .by Analysis of*Vafiance (ANOVA)
technlques. Where ANOVA 1nd1cated statistically 51gn1f1cant.
differences existed, the Newman Kuels Range Test or Student's

. t-test was applied depending upon the comparisons of in- |
terest and the numbers of means tohbe tested. uThe Newman-
Kuels Range Test was appiied'tpﬂekamine within-block differ-
ences involving more than two meéns (i.e. to examine varig-
tions\within lhe skid road crosg-section of a given study

site). The Student's t-test was used to test means between

the two study sites. H’

Tables of ANOVA\and pertinent means tests follow.
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Table V-1la, Results of Newman-Kuels Range Test -
soil pH versus location in a skid road
cross-section. ‘
MEANS BEING COMPARED  MEAN pH  SIGNIFICANCE LEVELS
i 5% 1%
a. Quartz Creek
Undisturbed surface soil 4,46 a - a
Base of cutbank '
(C-horizon) 5.69 b a

Skid road surface 5.54 T b a

b.  Rock Creek _
Undisturbed surface soil 6.43 a : a
Base of cutbank
(C-horizon)-
Skid road surface

.13 b b

~l Co
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Table V-2a.
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Results of Student's t-Test - comparisons
of organic carbon, calcium carbonate, @and
total carbon contents between Quartz Creek
and Rock Creek study sites.

MEANS BEING
COMPARED

MEANS FOR t t t SIGNI-
: 0.05‘ 0.0 EICANCE

bt

QUARTZ ROCK
CREEK CREEK

- Organic carbon

Calcium

carbonate

“Total carbon

1.14% 0.33% -3.526 2.145 2.977 *x

0.00 - 9.26 3.755 2.145 2.977 k%

1.14  1.44 0.883 2.145 2.977  N.S.
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V-4: Soil -Texture (Particle-8ize Distribution)

Analysis of Variance showed no significant differences in
soil textures (sand, silt and clay componénts) or in the
minus -2 mm soil fraction between undisturbed surface

soils and skid road surfaces.
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APPENDIX VI

DESCRIPTIONS OF ‘CABLE‘LOGGING SYSTEMS,

)

s

212



INTRODUCTION

This~appendix contains brief deécriptions of cable yarding
systems .that have been or are now being used in the Nelson
Forest Region. The list of cable systems is by ho means

complete. Descriptions of the yarding systems and their

capabilities have been abstracted from Burke (1972), Cottell,

McMorland and Wellburh-(1976), Larsen (1978), Mann (1977),
Studier and Binkley (1974); and Wellburn (1974, 1975).
Readers.réquiring more informatioﬂ about cable yarding
systemsdare urged to consult these references for detailed
dgscribtions and illustratiopé.' Mifflin and Lysons (1979)!
is also d uSeful reference for cable yarding terminology and

definitions.

Cable yardlng systems most commonly used in the past or
currently in the Nelson Forest Region 1nc1ude Jammer, h1gh—
lead and running skyline (with grapple or chokers) systems.

‘Operators have also experimented with live skyline and

standing sleine systems.

IMifflin, R.W., and H.H. Lysons. 1979. Glossary of
Forest Engineering Terms. USDA For. Serv., Pacific
Northwest For. and Range Exp. Sta., Portland, Ore.

24 pp.
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1. Jammer

The jammer system is a short-distance cable yarding system
that was used extensively 20 to 30 years ago but receives
less use goday. In its moét'cqmmon form'it consisted of a
: twozdrum'yarder (mainline and haulback line) and a shprpi
wood or steel tower and waé mOunted on a truck frane or
tractor undercarriage. The tower was suppofted by 2 or 3
bguylines; . The. haulback line passed through haulback blocks
at the tailholds and was connected to ‘the mainline via a '
squirrel block or other form of butt rigging. The haulback
drum normally could not be braked during inhaul, so as'é
result the front of a tufn_could.not be lifted élear of the
ground. This, ;oupled with‘thé‘short tower, limited jammFr
lbgging to refa%ively short yarding distances of approxi-w

mately 400 feet uphill and 200 feet downhill.

2. Highlead

Highlead systems are similar‘to jammer‘syste@s in that they
also have two drums, one each for the main and haulback
lines. However, the haulback drum can be braked to par-

tially suspend the turn during”inhaul..

Py
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Most highlead yarders are mounted on self-propelled tracked
or rubber tired undercarriages and have a steel tower ranging
"from 30 to 120 feet in height (the ‘taller towers are tele—
scoping). The tower is raised and lowered, and»supported//
when in the-upright position,Aby\six.gquines."As with the
jammer system; the haulbaek is passed through a series of
haulback blocks rigged to tailhold'stdmps or backspars, and
is secured to the ma1n11ne via an assembly of sw1vels and
shackles collectively referred to as butt rigging. Chokers
are also connected to the butt rigging with line swivels’ and

.

bdtt hooks.

During -inhaul the haulback drum can be braked tighteniﬁg
the lines and thereby lifting the front end of the turn
clear of the ground (providing there is adequate deflection). .

The term "highlead" is derived from this feature. Yarding

~
~.

distances are longer as a result of the bett\§ 1ead more
powerful yarders and taller towers: average yarding dlstances
of 600 to 800 feet uphill and 400 to 600 feet downhill are
common, and longer yarding distancesiare poesible if deflec-

tion-is favourable.. -

./
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3. Running Skyline

The term ”runnlng skyllne” is used to describe a varlety of
cable yardlng systems which couple the haulback line and
malnllne to prQV1deu1ncreased 1ift to the turn. A carrlage -
or a block, depending upon thevparticular‘system being used,
‘runs on the haulback line and alsolconnects the haulback and
mainlines. The haﬁleack line from the yarder passes through
the sheaves of the“carriage (or a single block), through a
haulback block at the tailhold, and returns to the back of -
tﬁe carriage (or back:end of the butt rigging). The main-
line from the_yerder is\connected directly to the front of
the carriage or butt rigginé. Both 1ines have braking
capac1ty to control 11ne tensions. Lift is provided to the
_turn by ma1nta1n1ng sufficient tension in the lines to keep
the carriage or block suspended- above the ground during

inhaul or outhaul.

The yarder may be a two- OT three drum machlne With a two-
idrum yardeﬁ a "two-line running skyline" known as a "scab-
line" or "Grabinsky",sy;tem"is commonly used. In this

system the haulbeckvand méiniines are connetted via the butt
rigging as in the nermal highleed fashion. A bleck (usually t
a haulback block), attached to. the segment of haulback line

]



between the tower and the tailhold, is also connected to the
butt rigging as well. Consequently when one line is braked
and- the OtheFJtightened, a vertical lifting force is applied
as the haulback line 1ifts up during tightening. Stﬁn@érd
highlead yarders'using‘chokers can operate as two-line

-running skyline systems.

Three-drum yarders are in general spec1élly de51gned to

operate as skyline systems. Machines de51gned for running
skyllne systems usually consist of a leanlng steel lattice
“"crane'" (hence may be called ”yardlng cranes") or tower TO

to 60 feet high. The tower is supported by lines to &

gantry, which in turn iS’secured‘bx;QFYlines'when the tower

is in the raised pqsition; Many of these yarders are mounted

J.onvturntableé to allow them to "swing" and deck fhe turn
beside rather'than in front of the machine.
. . : ‘
" The thfée d;ums’carry the haulback, main and slackpulling .
lines. The héulback line is/riggéd through the carriage
sheaves, around the haulback blqck at the tailhdld and then
to ;he féar of the carriage. The maihline pasées around a
sheave_at'thé front of the cafriage and is coﬁneﬁted to the

slackpulling line; hence the mainline and slackpulling line

217
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.

work in opposition. A dropline is connected to the mainline
and passes thfough the bottom of the carriage. It is raised
of“lowered by adjusting the motions of the main and slack-
pulling lines.

Grapple yarders are running skyliné systems and work according
to the above principles. >Iﬁ the case of grapple y;rders,
however, the dropline serves to open and close the grapple.
When chokers are used its function 1is to lower the chokers

to the yigging crew or to allow the lines to be pulled

laterally across the yarding road.

Yarding distances for running skyline systems vary consider-
abiyu For systems such as grapple yarding, which is nbrmally
capable of handling only one 1og per. turn and has very
11m1ted lateral yarding capablllty, short distance (400 to
600 feet) are preferred. When chokers are used and 1aterarf.

yarding is‘possiblé’yarding distances of 1,000 to 1,200 feet

~may be practical.
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4. Live and Standing Skylines

Unlike running skyline systems,‘in which the haulback line
also acts as the skyline, live and standing skylines afe

. stationary duriné inhaul and outhaul. In running skyline
systéms line tensions must be caréfully controlled to keep
the turg fully or partially suspended (this may be done
automatically, with an interlocking mechanism to control
drum speeds, or manually). In live and standing skyline
systems, because the skyline is fixed, skyline tensidn does
not need to be adjusted during inhaul or outhaul.

Live skylines differ frbm standing skylines in thét the
skyline is mounted on one drum of the yarder and is used to
- lower the carriage and chokers to the rigging crew. Standing
skylines may be mounted on the yarder or controlled_from‘é
separate, independent winch, but once positioned and tén-
.sioned are not routinely slacked aﬁd_tightened excep£ to

change yarding roads.

Yarders for live skyline systems must be three- or four-drum
machines (although gravity skyline systems can be used with
two-drum yarders). A four-drum yarder has a skyline, main-

line, slackpulling line and haulback line, while a three-
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drum yarder lacks the slackpulling line. Yarders are mobile,
mounted on tracked or rubber-tired undercarriages, and range.
from 40 to 120 feet tall. Seven to ‘eight guylines are

required for large yarders.

. Gravity skyline systems can be used with standard two-drum
yarders. For these systems the mainline serves as the |
skyline and the haulback in effecg/becomes.the mainline, and
is used to pull turns into the landing. The carriage and
rigging is returned to the woods by releasing the haulback
bfake and létting gravity pull the carriage down the sky-
line. The system is therefore limited to uphill yardiﬁg

only on steep slopes (at least 30%).

Standiﬁg skyline systems can be used with two-drum yarders :
if the skyline is mounted on a separate winch, or with

three- or four-drum yarders if it is stored on the yarder.

These systems have the longest average yarding distances of
any cable yarding systems with maximums pf 2,000 to 5,000
feet depending upon which ;onfiguration is used. They are
most efficient in the 1,000- to‘l,SOO-fooF range. Below
this distanée highlead and running skyline systems are more

effective because of their less complex rigging requirements.



