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FOREST SOILS

INTEGRATING FOREST SOIL PROTECTION INTO OPERATIONAL PLANNING ENSURES :

* Health (environmental) of forest, landscape and wildlife

* Health (economic) of industry, contractors, employees
 Compliance to forest certification standards

 Compliance to provincial forest health and soil protection standards
e Optimization of the number of operating days of a forest operation
* Reduced machine maintenance, reduced fuel intensity

* Development of forest operations that are adaptable to changing weather
and climate

e Plus many more...




s

G WOODLAND SC J

INTRODUCTION

Learning Objectives

Upon completion of this course, participants should be able to:
« Describe the function of soil organic matter, structure and pore space

« Participate effectively in planning and team action processes

« Describe the three main types of soil damage

« Recognize the legislation and guidelines designed to protect soils
 Recognize operational BMPs to reduce soil damage

« Describe soll reclamation and site preparation practices
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INTRODUCTION

This course covers

1. Soll Factors:
« Pore space

Forest floor or organic layer consisting of
dead vegetation including leaf litter and
unincorporated humus.

Mineral particles - Clay, silt and sand, plus
larger coarse fragments, combine together to
form aggregates that define soil structure.

Pore space (soil porosity) - Small and large
openings created by the burrowing of small
animals and organisms, plant roots, and the
freeze/thaw cycle. Pore space is important
for water infiltration, drainage and exchange
of gases.




I
Woodland
Operations

NTRODUCTION

This course covers

1. Soll Factors:
« Pore space
e Texture

WOODLAND'SOILS

Relative soil particle sizes
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INTRODUCTION

This course covers

1 . SOi I FaCtO rS : When conditions are

dry, favor operations on
more sensitive fine-

= PO re S pace | textured soils or wet

areas that dry out.

Transpiration from
uncut trees will
speed drying time
on lowlands and
prevent watering

up of the site
d TeXtU e , Moveto higher or which reduces soil
siiii better-drained ground strength.

,,,,,, when significant rainfall

° Strength i occurs until soils

recover.
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INTRODUCTION

This course covers

1. Soll Factors:

Orgamc and Inorgcmlc Sonls

Organic Soils

= POI‘e Space Composed
mostly of

e Texture decayed plant
and animal

« Strength matter

« Organic matter

Inorganic Soils
Composed

mostly of
minerals




| =N wooptaNosolsT /A

INTRODUCTION

This course covers

1. Soll Factors:

« Pore space

e Jexture
Strength
« Organic matter
Water content

SLOPE
POSITION

DRAINAGE

tmoderataly‘umenea poor impema
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INTRODUCTION

This course covers

2. Planning and team action to
avoid damage

) g Weather
4 41 Drainage
7 soil

@ Terrain
| Qf Aspect
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INTRODUCTION

This course covers

3. How soil can be damaged Effects of compaction on soil
through: |

) Pore space
« Compaction is Instp
o e
and

 Displacement

exchange of
gases.
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INTRODUCTION

This course covers

4. Legislation & Guidelines
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INTRODUCTION

This course covers
Where heavy traffic is expected, blade or

5 . O pe rati O N al B M PS tO I‘ed u Ce compress the snow and allow sufficient time to
. freeze to protect from additional traffic.
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INTRODUCTION

This course covers

5. Operational BMPs to reduce
soil damage

6. Road reclamation and site
preparation practices
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( \
: Chapter 1 : Chapter 5
¢ Soil Factors I Operational BMPs to
ceoccacocooooo’ Reduce Soil Damage
Chapter 2 Chapter 6
Planning & Teamwork Reclaiming Disturbed
Soils
Chapter 3
How Soils can be
Damaged

Chapter 4
Legislation & Guidelines
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CHAPTER 1 SOIL FACTORS

Soll Pore Space

Forest floor or organic layer consisting of
dead vegetation including leaf litter and
unincorporated humus.

Mineral particles - Clay, silt and sand, plus
larger coarse fragments, combine together to
form aggregates that define soil structure.

Pore space (soil porosity) - Small and large
openings created by the burrowing of small
animals and organisms, plant roots, and the
freeze/thaw cycle. Pore space is important
for water infiltration, drainage and exchange
of gases.
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CHAPTER 1 SOIL FACTORS

Soll Biodiversity & Ecological Function

« Habitat for plants
and animals

Nintrients for

 Movement of
water & gases
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CHAPTER 1 SOIL FACTORS

A
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Soil Texture N e | [ g
. 90 [ | Coarse :l: :Lﬂnrdf Clay
* Refers to the size of the 80 N\ ha Sy Gey
mineral soil components 70| —|HE N i SivLoam
that are less than 2.0 mm Rk 5 Sondy Loom
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_ E‘m Ii SC
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20
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CHAPTER 1 SOIL FACTORS

Soll Texture
: ) For moist soils the risk of rutting and compaction
« Texture Is an |mp0rtant increases as soil particle size decreases
factor when determining
soil disturbance risk | ®8eo. ..

Coarse Medium to fine Fine
Sand Sandy loam Silt loam  Clay loam Silty clay Heavy clay

Risk of rutting and compaction
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CHAPTER 1 SOIL FACTORS

Soll Texture

WOODLAND'SOILS

Relative soil particle sizes
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invisible at
this scale
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CHAPTER 1 SOIL FACTORS

Soll Drainage

* Very rapid

* Rapid

 Well Drained
 Moderately Well ~

TS

e Poor

DRAINAGE
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CHAPTER 1 SOIL FACTORS

Soll Drainage

Type of Soll Water-Holding =y _—
Particle Capacity PN
Sand > Low
Silt » Medium :
Clay > High S
. . Less total r.lore volume Greater total-pore volume
O rg an I C > H |g h Less p;rosity Greater-porosity
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CHAPTER 1 SOIL FACTORS

Soil Drainage

lodgepole pine _ .
jack pine white spruce white spruce
white spruce trembling aspen  balsam poplar black spruce

< 3 ; 4 .
('. » . > 4 L
‘ i L 4
. e S 2
| ! -+ 3 < ¢
y - 4 3 Pl
- » - v
upper siope L] | X1 ¥,
- ‘J -

mid slope to level

level to lower slope
€— Well drained —>€—— Moderately well to ——> €— Imperfectly to—>

imperfectly drained poorly drained
- field capacity is - soils contain too much water for - soils are saturated
not exceeded. short periods. or nearly saturated

- forimperfectly drained soils, water ~ for long periods.
is greater than field capacity for mo- Greying may be
derately long periods as indicated present.

by the presence of mottles.
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CHAPTER 1 SOIL FACTORS

Recognize vegetation as an indicator of soil moisture conditions

Labrador Tea - High Water Table, Wet Sall




CHAPTER 1 SOIL FACTORS

Tree Species Moisture Preferences

WOODLAND'SOILS

£ Note
%i Harizontal lines indicate the preferred soil
moisture for boreal tree species. Maoist

jack pine 5 ) .
jack p soils often contain a mix of several

b | species. A stand of primarily aspen
typically would be found on well-to-
mederately-well-drained soils whereas a
stand with a 50/50 mix of aspen and
bpalsam poplar would indicate more moist,

aspen

E1
white spuce <4 %

. imperfectly drained scils (adapted from
5 Beckingham and Archibald 1998).
; white birch
3
lodgepole pine
upland black spruce - - I f lowland black spruce
£ i1 balsam fir
"--.}-F
| balsam poplar E
4!
5
T
I tamarack
very rapid to well well to imperfectly imperfect to very poorly
drained drained drained
VERY DRY MOIST WET

DRY

mottles present in soil
é

£
= ra

gleying present in soil
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CHAPTER 1 SOIL FACTORS

Know your wetlands

Ducks Unlimited Canada

FIELD GUIDE

BOREAL WETLAND CLASSES

INTHE BOREAL PLAINS ECOZONE OF CANADA

e Swamps in particular may have
a closed canopy with
merchantable trees

« Understanding of wetlands (soill,
vegetation, hydrology) can
provide valuable knowledge in
planning your forest operation

FIRSTEDITION
INE2014
P Ezq
L y \yi "‘
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CHAPTER 1 SOIL FACTORS

Saturated Soll

« All pore space is filled with water

 Mottles indicate a doil that is
regularly saturated

precipitation precipitation precipitation

WEIEL OIL e 1o e Wm g Senanisinn s a5
surface /A XARNL U N IUAY |

vegetation vegetation |4

vegetation (4

Water T’;': (
stored in |
pores | gl

Water |2
stored in |
pores

groundwate groundwater

unsaturated soil saturated soil flooded soil
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CHAPTER 1 SOIL FACTORS

Soll Moisture before Harvesting Soll Moisture after Harvesting
A
[ — High:
r————% -transpira_tion
. - gvaporation ) Low:
' - interception % - franspiration

- gvaporation
- interception

2 Soil water increases and is concentrated in
low spots, and soil strength decreases.
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CHAPTER 1 SOIL FACTORS

Soll Strength — Slope Position e

steep slope
Moist and wet soils

are often confined to
narrow bands at the
foot of steep hills.

Gentle slope

On gentle slopes,
moist soils can
occupy larger areas
and the change in
soil strength can be
more gradual.

Rolling slopes
On rolling or
complex slopes,
moist and wet soils
can oceur in
depressions in the
slope.




CHAPTER 1 SOIL FACTORS

WOODLAND'SOILS

Soil Strength — Fine Texture

Sand Particle
2.0 - 005 mm

— Silt Particle
005 to O.00Z mm

F Clay Particle
sraller than
0,002 mm
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CHAPTER 1 SOIL FACTORS

Soll Strength — Coarse Texture

25

Sand Particle
2.0 - ¢.05 mm

._-S'llt Particle
005 to O.00Z mm

F Clay Particle
sraller than
0002 mim
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CHAPTER 1 SOIL FACTORS

Soll Strength — Cobbles

Relative soil particle sizes

SILT Qay

invisible at
this scale
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CHAPTER 1 SOIL FACTORS

Chapter Summary

e Solls consist of particles and spaces between them
« Texture affects how fast the soll drains after a rain

« Tree and shrub species can be used to spot areas of
soft soill

« Soll strength is affected by soil moisture
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Chapter 1 Chapter 5

Soil Factors Operational BMPs to
‘-----------\ Reduce Soil Damage
: Chapter 2 : Chapter 6
¢ Planning & Teamwork | Reclaiming Disturbed

i 4 Soils

Chapter 3

How Soils can be
Damaged

Chapter 4

Legislation & Guidelines
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CHAPTER 2 PLANNING AND TEAMWORK

Working together to protect solls

* QOperators,
contractors and
supervisors work
together to protect
solls

Soil Health

’ 1 weather

—— v Drainage
W\ 7 7 soil
: f @ Terrain

-Y A .:F &7 Aspect




| =N woopianosols /A

CHAPTER 2 PLANNING AND TEAMWORK

Consider solls at each stage

« Before harvest

+  During road building A .
and harvesting L ¢

« After the logs are
hauled
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CHAPTER 2 PLANNING AND TEAMWORK

Pre-harvest planning & layout
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CHAPTER 2 PLANNING AND TEAMWORK

Consider soll “before” harvest

« Decide If it must be frozen
or not

* Prepare accurate block
maps

« Layout avoids springs,
riparian zones etc.

* Road location
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CHAPTER 2 PLANNING AND TEAMWORK

Consider soll “before” harvest

* Integrate GIS based
planning tools, such as a
wetland inventory or
hydrology mapping (wet
areas mapping)

< = @ Open Water Classes
@ ~quatic Bed
@ Open water
=) Swamp Classes
@ Confer Swamp
© Hardwood (Birch) Swamp
@ Mixedwood Swamp

© Swamp Thicket

@ Tamarack Swamp

© urban, Oil and Gas
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CHAPTER 2 PLANNING AND TEAMWORK

Consider soil “during” road building

 Be aware of changing
conditions

« Supply geotextiles &
structures In advance

« Stockpile road strippings

* Ensure stream crossing
function

 Prevent & stop erosion
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CHAPTER 2 PLANNING AND TEAMWORK

Consider soll “during” falling & skidding

If in doubt about
operating conditions:

* Move to better ground
until conditions
improve.

* Change your operating
technique to avoid
damage.

* Check with your
supervisor about
options.
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CHAPTER 2 PLANNING AND TEAMWORK

Consider soll “during” falling & skidding

« Coordinate equipment
to prevent travel over
the same ground Log fill needed

* Provide equipment
suited to the site
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CHAPTER 2 PLANNING AND TEAMWORK

Consider soll “during” processing & falling

« Keep to the road as
much as possible

NIALITY

e ?
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CHAPTER 2 PLANNING AND TEAMWORK

Carefully prepare soll for planting

« Work on frost
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CHAPTER 2 PLANNING AND TEAMWORK

Carefully prepare soil for planting

 Use low ground
pressure in summer

Note: Site preparation does
not fix soil damage made
during falling and skidding
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CHAPTER 2 PLANNING AND TEAMWORK

Chapter Summary

Operators, contractors and supervisors work together to
protect soils:

 Before harvest £
» through assessing the site & preparing the required maps

e During road building & harvesting
* by using the right equipment and proven techniques

« After the logs are hauled
« Through reclamation & reforestation
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Chapter 1

Soil Factors

Chapter 2

Planning & Teamwork

N
" Chapter 3 '
0

) How Soils can be
I Damaged

~----------

Chapter 4

Legislation & Guidelines

Chapter 5

Operational BMPs to
Reduce Soil Damage

Chapter 6

Reclaiming Disturbed
Soils
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

How soil can be damaged

« Compaction
* Rutting
* Displacement
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

How soil can be damaged

« Solls supply plants with nutrients, gases,
moisture, & support

* Helps maintain a healthy ecosystem
« Soil formation takes 1000’s of years

« Damaged soil may take years to repair
itself

* Erosion can lead to sediment in streams

« Damage results from compaction, rutting,
disturbance, erosion
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Soll compaction

 Compaction = compression of soll

 Non-compacted solls
« Large pores

..............

« Drains freely & absorbs aerated water

« How does compaction occur?
« Compression reduces pore space

.......

Undisturbed forest soll Compacted forest soll
How does soil compaction damage the soil?
Soil is porous ensuring:

- Good exchange of air and gases for plant Large pore space is lost reducing:
roots and soil organisims. - Vital gas exchange for roots.

- Adequate infiltration of rain and unimpeded - Infiltration and drainage of water which can
drainage. cause ponding and surface erosion.

- Space for growih of tree roots.
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Soll compaction

: : : 40
« Compaction = compression of soll 2.
w
 Non-compacted solls 8 30 /,/_/
« Large pores 325 /
» Drains freely & absorbs aerated water = 20 / //—F//—-
e How does compaction occur? BT
c 10
« Compression reduces pore space < . /
* In many soils, compaction occurs after relatively
few passes of the machine 0 | | |
0 5 10 15 20
« Subsequent passes add to the damage Number of Machine Passes
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Soil compaction affects tree growth

* Less oxygen to roots
 Reduced drainage

* Increased surface runoff
Root growth iIs hampered

$$A4
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Soil compaction can...

 Reduce growth rate by up to 30%
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Soil compaction can...

 Reduce growth rate by up to 30%

« Affect a small spot, a block or a
watershed
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Soil compaction can...

 Reduce growth rate by up to 30%

NORMAL COMPACTED

« Affect a small spot, a block or a S SEIE

watershed

 Reduce air filled pore space

WATER AIR NO MOISTURE
NO AIR
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Soil compaction can...

Reduce growth rate by up to 30%

Affect a small spot, a block or a
watershed

Reduce air filled pore space
 Reduce aspen suckering

f




CHAPTER 3 HOW SOIL CAN BE DAMAGED

Which solls are most easily compacted?

. . . For moist soils the risk of rutting and compaction
soils with a moisture content
at or near field capacit

1. " ‘ 90 eoe¢. . .

° SOI'S Wlth mOderate 'to Coarse Medium to fine Fine

. i Sand Sandyloam  Siltloam Clay loam Silty clay Heavy clay
Imperfect drainage

« Medium-to-fine textured

Risk of rutting and compaction
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Which solls are most easily compacted?

« Medium-to-fine textured
solls with a moisture content

” ¢ ‘l“ "’-~ ":'.; y ‘:: ' \
it 8 P < ’ r
34 Haef
a "‘ L

spreads

. - CLAY -
at or near field capacity o B iG:fferent'v
] ] shallow, infiltration )
* Soils with moderate to Bl different
. I spread and soil
iImperfect drainage [ | e el
SAND
Deepest

penetration
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Which solls resist compaction?

* Dry solls
« Solls that have a lot of coarse
fragments in the upper soll

Iaye IS For moist soils the risk of rutting and compaction
increases as soil particle size decreases

Sandy loam  Siltloam Clay loam Silty clay Heavy clay

Risk of rutting and compaction
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Rutting damages roots & soll structure

e Whatis a Rut?

* Trench or furrow that damages soil & roots
through solil displacement and compaction

What is a Rut?

* Trenches or furrows that damage soil & roots
Definition

* 4m long & 20cm deep (in humus >= 30cm deep)

* 4m long & 10cm deep (in humus < 30cm deep)




CHAPTER 3 HOW SOIL CAN BE DAMAGED

Rutting damages roots & soll structure

e Whatis a Rut?

* Trench or furrow that damages soil & roots
through solil displacement and compaction

 How Is a rut defined?
« Typically by depth and length

« Varies by regulatory authority

BC

« >5cmor>15cmdeep and 2 m long

SK

« >]5cmdeep and 5long

ON

« >30 cm deep and 4 m long

NS

« Government focus on compaction

* Industry sets rutting
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Rutting “cause & effect”

e (Can occur after just one pass
* Roots near surface can’t penetrate
« Shallow ruts can cause damage

 Root damage makes trees more
susceptible to disease & blow-down

« Impacts plantable sites or
productive areas
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Impact of rutting on soil drainage

 Lateral water flow is blocked
* Increase in water = lower soll temp.

« Surface flow can cause soll erosion
& sedimentation |
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Weak soils are prone to rutting

« Well-decomposed organic soil

e \Wet solls
* Non-frozen
_ + WEAK
* Fine textured
= MODERATE

* STRONG




CHAPTER 3 HOW SOIL CAN BE DAMAGED

Loss or displacement of organic matter

 Less microbes
* Prone to extreme drying or flooding

* Prone to temperature extremes
e Erosion potential
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Loss or displacement of organic matter

« Displaced when piled at
roadside

* Nutrients not available to
trees growing on road

« Always replace stripped
organic matter
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Loss or displacement of organic matter

« Loss during silviculture
operations

« Poor planning may cause
loss due to soll erosion

« Usually local on a small
scale

« Not always a big problem




| =N WoobEANDSols /A

CHAPTER 3 HOW SOIL CAN BE DAMAGED

Loss or displacement of organic matter

« Slippage can shear the
organic matter off the
surface, leaving it at risk to
erosion
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CHAPTER 1,2,3 REVIEW

Review

What natural feature of soll is lost when
soll Is compacted?

a) The pore space

b) The soll particles
c) The soll nutrients
d) None of the above
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CHAPTER 1,2,3 REVIEW

Review

What natural feature of soll is lost when
soll Is compacted?

a) The pore space
b) The soll particles
c) The soll nutrients
d) None of the above
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CHAPTER 1,2,3 REVIEW

Review

A soil is “saturated” when...

a) Itrains for more than an hour
b) It stops raining and the soil water drains away
C) erosion begins to move soil away

d) It no longer has empty pore space, as the pores are filled
with water
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CHAPTER 1,2,3 REVIEW

Review

A soil is “saturated” when...

a) Itrains for more than an hour
b) It stops raining and the soil water drains away
C) erosion begins to move soil away

d) it nolonger has empty pore space, as the pores are
filled with water
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CHAPTER 3 HOW SOIL CAN BE DAMAGED

Chapter Summary

The 3 main ways soil can be damaged during operations are:
 Compaction
* Rutting

* Organic matter displacement
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Chapter 1 Chapter 5

Soil Factors Operational BMPs to
Reduce Soil Damage

Chapter 2 Chapter 6

Planning & Teamwork Reclaiming Disturbed
Sails

Chapter 3

How Soils can be

\
Chapter 4 I

Legislation & Guidelines 0

- a» a» any,
-

ﬁ----------’




éﬁ:‘ WOODLAND SO

CHAPTER 4 LEGISLATION & GUIDELINES

Legislation

The 4 pieces of legislation that cover soill
protection during operations are:

~orest and Prairie Protection Act
—orests Act

Public Lands Act

Provincial Parks Act

kW=
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CHAPTER 4 LEGISLATION & GUIDELINES

Operating Ground Rules

The ground rules serve 3 main purposes:
1. Minimize potential for soil erosion

2. Prevent substances from entering
watercourses

3. Ensure tree growth is maintained




CHAPTER 4 LEGISLATION & GUIDELINES

Pre-Harvest Planning

9.1 Areas susceptible to rutting, puddling or
compaction shall be avoided when planning
temporary roads, decks, landings and
skidding patterns.

9.1.1 Areas susceptible to rutting, puddling or
compaction shall be harvested during dry or
frozen conditions (when soil condition is not
susceptible to degradation e.g. blocks with
predominantly imperfectly-poorly drained
solls, soils exceeding field capacity).
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CHAPTER 4 LEGISLATION & GUIDELINES

Harvesting

9.2 The total area covered by temporary roads,
processing areas, and displaced soill, created
by timber harvesting operations shall not
exceed five percent of each harvest area
unless the company has an approved
silvicultural strategy for their roads.

9.3 Operations shall not occur during heavy
rainfall or when soil conditions are above

field capacity (saturated).




CHAPTER 4 LEGISLATION & GUIDELINES

Harvesting

9.4 Minimize the machine traffic on sensitive
areas, depending on soil susceptibility to
disturbance according to the results of a hand
test.

9.5 Operations shall cease when instances of
multiple ruts in a limited area are created that
are clearly related to operations during
unfavourable ground conditions.

9.6 Erosion and soil disturbance must be limited,
with effort made to retain organic matter and
soll nutrients.
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CHAPTER 4 LEGISLATION & GUIDELINES

Post-Harvest Reclamation/Reforestation

9.7 Roads within harvest areas that are no longer
required shall be reclaimed and reforested.
Treatments acceptable to Alberta are required
on compacted solls. Acceptable treatments
may be decompaction if required, roll back of
debris, and planting.
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CHAPTER 4 LEGISLATION & GUIDELINES

Alberta Forest Soils Conservation Guidelines

Contains guidelines for in-block disturbances...

1. Roads & Decking
2. Skidding
3. Reforestation

What is a Rut?

* Trenches or furrows that damage soil & roots
Definition

* 4m long & 20cm deep (in humus >= 30cm deep)

* 4m long & 10cm deep (in humus < 30cm deep)
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CHAPTER 4 LEGISLATION & GUIDELINES

Highlights of the guidelines...

1. Minimize amount of in-block roads

a) Optimize economical skidding distances
b) Keep road widths down

c) Use seismic lines where practical




| =

CHAPTER 4 LEGISLATION & GUIDELINES

Highlights of the guidelines...
1. Minimize amount of in-block roads

2. Season of Harvest




| =N woopianosols /A

CHAPTER 4 LEGISLATION & GUIDELINES

Highlights of the guidelines...

1. Minimize amount of in-block roads

2. Season of Harvest

3. Reclamation Tactics
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CHAPTER 4 LEGISLATION & GUIDELINES

Highlights of the guidelines...

1. Minimize amount of in-block ads
2. Season of Harvest < —-—
3. Reclamation Tactics

4. Minimize Road Impacts
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CHAPTER 4 LEGISLATION & GUIDELINES

B

Create guidelines for skidding...
1. Rating system for risk of soil damage
2. Number of blocks open at once

3. Operator expectations

Risk of ruts forming:

Low 1-4

No machine or forest operation should
cause ruts at a low potential.

Moderate 5-11

Wide-tired skidders or other control of
skidding is likely to prevent ruts.

High 12-27

Only the most careful operations will
prevent ruts, harvesting should temporarily
cease, or the site should be logged when
the soil is frozen.
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CHAPTER 4 LEGISLATION & GUIDELINES

Planning - risk

Risk of Rutting

Category Class Rating
ﬂ
( Soil )
S— . .
. Coarse-texture mineral soil (less than 20%{ | 1
silt and clay)
) Fine-textured mineral soil (greater than 2
20% silt and clay)
. Organic soil 3
A
< Soil Water Conte@
v ==
) Frozen soil with high water content ‘ | 0 )
. Dry (soil crumbles when crushed) 1
. Moist (loose soil forms weak clod when 2
compressed)
.
o Wet (soil deforms when compressed) < 3 )
 ——
( Landscape)
. Gentle slopes and convex slope positions 1
o Flat and concave slope positions 2
. Steep slopes (greater than 30%) 3
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CHAPTER 4 LEGISLATION & GUIDELINES

Planning - risk

R. k f R tt. Block 100 Category Class Rating
Isk of Rutting
. Coarse-texture mineral soil (less than 20%{ | 1 ’
silt and clay)
) Fine-textured mineral soil (greater than 2

RISk Ratlnq . :::::::::Clay) 3 RlSk Ra“nq

1_ 4 LOW RlSk Soil Water Content

. Frozen soil with high water content 0 1 X 2 X 3 _ 6
5 11 . Dry (soil crumbles when crushed) 1
. Moist (loose soil forms weak clod when ( 2 >
compressed)
12 = 27 H |g h . Wet (soil deforms when compressed) 3
Landscape
. Gentle slopes and convex slope positions 1
Flat and I iti
o at and concave slope positions ,_K
. Steep slopes (greater than 30%) ( 3 )
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CHAPTER 4 LEGISLATION & GUIDELINES

Planning - risk

Risk of Rutting

Risk Rating

1-4 Low Risk
5-11

12 - 27 High

Block Soil texture Soil moisture | Landscape Rating
100 Sandy loam Moist Steep

1 2 € 6 - Moderate
120 Organic Wet Flat

i . 2 18 - High
130 Silty clay Moist Gentle

2 Z 1 4 - Low
140 Gravelly Dry Flat

: . 2 2 - Low
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

Operational BMPs to reduce soil damage

Operate when soils are strongest

Avoid moist/wet solls

Operate on frozen soill

Use appropriate ... equipment

Use appropriate ... felling techniques

Use appropriate ... skidding techniques

Use appropriate ... roadside techniques

Use appropriate ... site preparation techniques

o8 =1 ero il g B8] ) =
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

#1 Operate when soll strength is highest

« Seasonal Strength

Frozen Frozen

high \

low

Late Spring Summer Fall Winter
Winter
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

H 2 Avoid moist/wet soils

Check soil wetness using a
e Test for soil simple hand consistency test

moisture

e Disturbance risk
IS highest when
soll moisture
Increases

Low soil strength: Low to medium soil High soil strength:
High risk of rutting and/or  strength: Low risk of compaction
compaction Some risk of compaction
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

H 2 Avoid moist/wet soils

Operate on low lying areas when dry

Be prepared to move to drier ground

~ Fs ~

When conditions are
dry, favor operations on
more sensitive fine-
textured soils or wet
areas that dry out.

Move to higher or
,,,,,, " better-drained ground
llllll . .. .
,,,,,, when significant rainfall
""" occurs until soils

recover.

Transpiration from
uncut trees will
speed drying time
on lowlands and
prevent watering
up of the site
which reduces soil
strength.
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

H 2 Avoid moist/wet soils

 Harvest blocks will have |
variable conditions

» Utilize planning tools,
recognize vegetation
iIndicators etc.
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 3 Operate on frozen soils

 Encourage deep
frost penetration
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

#3 Operate on frozen solls

Where heavy traffic is expected, blade or
compress the snow and allow sufficient time to
 Encourage deep P

frost penetration

freeze to protect from additional traffic.

Depth of frost required for protection
Soil type Rutting

Mineral | = 15tm 7—15m

Compaction

Organic 50 ¢m if wet
70 cm if dry
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment

e When needed, reduce
machine loads

« Overloading the machines can
create an imbalance In load
distribution
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment

P = footprint pressure,
w = weight on wheel, bogie or track

« Machine ground pressure is a R = wheel radius
. - B = tire width.
static measurement that provides
an indication of soll disturbance N

risk

 Values should be used as broad
Indicators of risk, not for direct

comparison I

B p=W/(R x B)
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment

Standard tires Wide tires
67 x 34.0 - 26 78 x 44.0 -32

« Ground pressure values are
greatly impacted by the tire/track
contact area

« Useful when making broad

comparisons - v v v

~ Ground pressure (kPA) 67.92

m -
* Contact area (om?) 7523 10554

Note: Example is for four-wheeled 14-tonne skidder.
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment Rear-axle ground pressure (kPa)
130
120
« Ground pressure values are 10
greatly impacted by the tire/track o]
contact area %0 ——
80 |
« Useful when making broad 0]
comparisons 60
- . 50| )
* No detailed link between 0
machine ground pressure and 30

disturbance {
0L
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment

« Tracks added to a bogie axle can
reduce ground pressure by up to
50%
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment

« Tracks added to a bogie axle can

reduce ground pressure by up to
50%

* |Important to maintain proper
track tension
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment

Excessive slip
Slip required for traction contributes to

* Tire or Track Slip compaction and ruting

“ERREERRD)

~ 4

Compaction Compaction Compaction Compaction
and rutting and rutting
from slip from slip
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment

« Tire or Track Slip

« Chains increase traction,
reduce wheel slippage
and decrease tire wear

« The Increased traction can
result in lower fuel
consumption
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment

* Bogie or Single Axle

 Bogie axles allow more tire surface to be in contact with the ground

 Bogies have a lower lift over obstacles, this can reduce pressure to the ground

b¥.

¥
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 4 Use appropriate equipment

* Fuel consumption can be negatively
Impacted by:
— Excessive slip or wheel spin
— Wider tires
« Higher tire pressures can result in lower

travel speeds and reduced productivity if
operator comfort is compromised

* Bogie tracks provide ability to climb out of
ruts, resulting in shorter rut lengths
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

#5 Use appropriate felling techniques

The felling phase is the first opportunity to
prevent soil damage:

- The buncher operator can affect the
skidding or forwarding phase

 As the first to traverse the block, buncher
operators can let the skidder operators
know about soil conditions
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 9 Use appropriate felling techniques
e Space passes widely and
make neat bunches

« Cut perpendicular to the
road/landing

* Optimize bunch size
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 9 Use appropriate felling techniques

« Adjust to sudden changes
In soll strength

« Fall trees under dry
conditions

« Don't get too far ahead of
skidding
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 9 Use appropriate felling techniques

« Alert skidder operators
about wet areas
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

Alert skidder operators
about wet areas

« Distribute woody debris to
create brush mats
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 6 Use appropriate skidding techniques

Dispersed Skidding Pattern:

« Pros \/

 Light impact over a large area

« Cons ¥
« Widespread compaction

« Advanced regen is damaged

« Only good for dry conditions
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 0 Use appropriate skidding techniques

Designated Skid Trails:

- Pros \/

« Can avoid widespread compaction
« Damage is confined to trails

e (Cons X

« Significant compaction on trail

e Can lead to rutting in wet, fine-textured soils
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 0 Use appropriate skidding techniques

Designated Skid Trails:

« Pros \/

« Can avoid widespread compaction
« Damage is confined to trails

e (Cons X

« Significant compaction on trail

e Can lead to rutting in wet, fine-textured soils
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 6 Use appropriate skidding techniques

Match techniques to conditions

e Skid downhill where possible

« Avoid skidding on side slopes

« Skid with optimal load size
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 6 Use appropriate skidding techniques

Extraction trails crossing
.- wet pockects.

Match techniques to conditions

NS Bunches oriented toward
X% wetland.

e Skid downhill where possible

« Avoid skidding on side slopes

“ Trails modified to avoid
_ ' wetlands.

o \\I Bunches oriented toward
! A dry ground.

« Skid with optimal load size

* Avoid skidding through wet
patches
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 0 Use appropriate skidding techniques

« Keep a constant travel speed

Travel at a lower speed and avoid rapid speed changes. This
reduces bouncing and helps prevent soil compaction and
tearing of the forest floor.



| =N

CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 0 Use appropriate skidding techniques

« Keep a constant travel speed

e Minimize turning
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 0 Use appropriate skidding techniques

Match equipment to conditions:

Be ready to shut down &
walt for frost/dry weather
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 0 Use appropriate skidding techniques

Hoe delay (sec)

. . 5 ®1 ... Skidding w/hoe-assisted decking r 160
Consider alternative extraction — Sidding w/rallover dcking K
. s = == Skidding w/drive-over decking , - 140
tEChanueS: o | Hoe forwarding, small bunches ,’ P ’
== == | Hoeforwarding, large bunches Y - - - 120
. e | Hoe delay
* Hoe-assisted decking or hoe- ‘-
forwarding near roadside or in soft T s T
soll areas ERR 50
e Can reduce skidder movements in 2 -
high-risk areas a0

Skidding distance (m)
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 0 Use appropriate skidding techniques

Consider alternative extraction
techniques:

« 3-in-1 trail consolidation (Quebec)

« Modified buncher layout to concentrated
extraction trails

e 6% production loss

« Allows for possible improved soll disturbance
compliance
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# [ Use appropriate roadside techniques

Place decks on a firm bench:

:; : % It starts with good planning-and Iayout, -

o 'ii..y:, el e — -~

- < ot AP g g B ':‘ a ,g\;": =~ _'9"‘,‘_
4,,»;-;\.—_' — At A TN e SR S v TR o L
YRR o . T : SRS T, - S .

.
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# [ Use appropriate roadside techniques

Roadside Handling:

« Deck with skidder and loader-
forwarder & operate equipment from
the road

e Turn skidder on road
 Deck logs on high ground

 Pile debris with an excavator or loader
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CHAPTER 5 8 WAYS TO AVOID SOIL DAMAGE

# 8 Use appropriate site preparation equipment & methods

. -
" | B i
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CHAPTER 5 REVIEW

Review

Soll moisture and soll strength will
be the same anywhere In the
block.

e True
« False
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CHAPTER 5 REVIEW

Review

Soll moisture and soll strength will
be the same anywhere In the
block.

e True
e False



CHAPTER 5 REVIEW

Review

A tire requires a small bit of slip to provide
traction, but excessive slip can cause
compaction and rutting.

e True
« False



CHAPTER 5 REVIEW

Review

A tire requires a small bit of slip to provide
traction, but excessive slip can cause
compaction and rutting.

e True
« False
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CHAPTER 5 REVIEW

Review

The feller-buncher operator can reduce soil damage by:

a. Orienting bunches in the direction of skidding

b. Working the lower, wetter areas during dry weather and moving to higher
ground when it rains

c. Letting skidder operators know where the soft spots are
d. All of the above
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CHAPTER 5 REVIEW

Review

The feller-buncher operator can reduce soil damage by:

a. Orienting bunches in the direction of skidding

b. Working the lower, wetter areas during dry weather and moving to higher
ground when it rains

c. Letting skidder operators know where the soft spots are
d. All of the above
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Soil Factors

Chapter 2
Planning & Teamwork

Chapter 3

How Soils can be
Damaged

Chapter 4
Legislation & Guidelines

Chapter 5

Operational BMPs to
Reduce Soil Damage

( \
0 Chapter 6 |
| Reclaiming Disturbed !
{ Soils 0

ﬁ----------’




| =N woopianosols /A

CHAPTER 6 RECLAIMING DISTURBED SOILS

Reclaiming Disturbed Solls

 Roads can be
good growing
sites when
decompacted
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CHAPTER 6 RECLAIMING DISTURBED SOILS

Reforesting in-block roads

Accessible Upland Roads
1. Decompaction

Rollback strippings

2
3. Plant or seed

4. Check for mortality
5. Fill plant if necessary ”f)

A
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CHAPTER 6 RECLAIMING DISTURBED SOILS

Reforesting in-block roads

Inaccessible Upland Roads

1. Ripper plow across the road
(winter)

2. Drag chains to spread slash

3. Plant or seed
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CHAPTER 6 RECLAIMING DISTURBED SOILS

Reforesting in-block roads

Reclaiming Lowland Roads

1. Shear stumps during road
construction

Roll back strippings

Mound if necessary

Plant spruce

CL R

Fill plant if necessary
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CHAPTER 6 RECLAI

A

Chapter

MING DISTURBED SOILS

Summary

e Operations will cause some damage, some of which can be repaired

 |n-bloc
decom

K roads can become very productive growing sites when
pacted

 Alllanc
refores

IS Important, and every hectare that supports trees should be
ted
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SUMMARY
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Course Summary

1. Soll factors: pore space, texture, strength organic matter, water
content

Planning and team action will reduce damage

Soil can be damaged through compaction, rutting and displacement
Legislation and guidelines apply

Operational BMPs to reduce soil damage

Road reclamation and site preparation practices

SO =R O
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Key learnings

1. Know your soils
2. Plan for changing conditions

3. Ensure everyone is knowledgeable with the
basic BMPs

4. Work as a team, communicate issues and
adapt as problems arise
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