LMH Chapter 2 Revised April 23, 2007


2 UNDERSTANDING SOIL AND TERRAin ATTRIBUTES to HELP 
  protect the soil resource from timber harvesting

  activities
To protect the soil resource, harvest planning must consider options to maintain site and soil productivity.  From a soil conservation perspective, the aim is to match harvesting systems to the soil attributes so that minimal soil disturbance occurs.  In planning and designing a harvesting system that minimizes impacts to the soil ecosystem, the forest practitioner has to be able to:
1)  adequately classify soils;
2)  understand hazards associated with different soil properties; and 

3)  recognize potential terrain constraints. 

 Without this knowledge sites can not be adequately characterized and harvesting systems can not be correctly determined.  Local soil and site specific conditions usually make one or two harvesting strategies more applicable than others.

This section will outline some basic physical characteristics of BC forest soils, discuss landslide and gully hazards, and describe five soil disturbance hazards.  These hazards can help forest practitioners rate the risk of soil disturbance based on soil and terrain attributes. 

2.1  Forest soils in BC
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BC contains all of the recognized soil orders (groups) identified in The Canadian System of Soil Classification (Soil Classification Working Group 1998).  This system classifies according to soil forming processes; interactions between parent material, climate, biota, topography and time (Meidinger and Pojar 1991).  In BC’s forests seven soil orders dominate.  Table 1 presents these seven soil orders, a brief description/interpretation of each and the common biogeoclimatic zones within which they occur.   These broad orders can be further classified into soil Great Groups,
Subgroups, Families, Series and Phases. 
It is necessary for a forest practitioner
prescribing harvesting activities to be 
capable of classifying soils to the Great
Group level (e.g., Dystric Brunisol; 
Humic Podzol; Gray Brown Luvisol). 
Figure 3.  Dominant soils of British Columbia
depicting all soil orders, seven of which are 

found in association with forests.  
(1) Adapted from A.L. Farley.  Atlas of British
Columbia:  People, Environment and 
Resource Use, UBC Press, 1979 in 
Klinka et al. 2000).
Table 1.    Soil Orders commonly found in BC’s forested areas  (Krajina and Brooke 1970, Meidinger and Pojar 1991, Curran et al. 2000).  
	SOIL ORDER
	Broad Description / Interpretation

	BEC

Zone

(forested)

	Organic
	Consist largely of organic matter, developed mostly under saturated conditions.  Usually very cold and wet.  Organic soils dominate the north Coast, Coastal sub-alpine forests and parts of the Great Plains of BC.  Vry sensitive to disturbance.
Folisols are organic soils formed under upland forests, usually found on the north Coast.  In Folisols the forest floor is extremely important.

	All

	Podzolic
	Developed under coniferous forest cover, undergo intense leaching within. Typically well drained, coarse textured.   Podzols dominate the moister climates of forested BC (Coast, Interior wetbelt, mountainous regions).

Soils can be acidic and nutrient poor.  Humus forms often poorly developed acid mors.
	BWBS

CDF, CWH

IDF

MH, MS
ICH

ESSF

SBS

	Gleysolic
	Saturated for long periods of the year showing anaerobic, reducing conditions.  Can occur throughout BC, particularly in depressions on plateaus, but are prevalent in the Lower Fraser Valley or the Great Plains of NE BC.

Shallow rooting and windthrow are common problems associated with this soil order.
	All

	Chernozemic
	Dark, fertile soils formed primarily under grasslands in the south central Interior of BC (low rainfall, high summer temperature, high evaporation areas).  

Soil leaching is limited, topsoil accumulates organic matter.  Plant competition for water usually intense, often calcareous at depth.

	BG

PP

IDF

SBPS

	Luvisolic
	Developed in areas under deciduous or mixed forest, or grassland-forest transition areas.  Soils with clay accumulations as a result of leaching.  The clay-rich horizon can restrict root, air and water penetration.  Found on the plateaus of the Interior and NE Plains of BC. 
Susceptible to compaction.  Windthrow, cold soils, and slope stability can be problems.  May be calcareous at depth. 

	BWBS

IDF
MS

ICH

SBS, SBPS

ESSF

	Brunisolic
	Soils developed under low rates of weathering (i.e. low rainfall areas) in forested areas.  Moderately developed from underlying parent material.
If found on steep slopes may indicate instability issues. 

Humus forms – moder, weak mors.
	AT
CDF, CWH

IDF

ICH

ESSF
SBS, SBPS

	Regosolic
	Weakly developed (of recent origin), often shallow soils.  Regosols are only extensive in high mountainous areas, but do occur on floodplains, beaches or eroding slopes. 
When found on steep slopes, slope stability should be carefully evaluated.
	All


2.2   Characteristics of forest soils
2.2.1   Soil composition and soil porosity
The soil is composed of organic and mineral solids and pore spaces filled with air and water.  The size and distribution of soil pores (soil porosity
) affects the storage and transport of gases, water and heat in the soil.  Macropores are important for soil drainage, aeration and plant rooting.  They may or may not be continuous in the soil.  When soil particles are held together by organic or inorganic substances aggregates are formed.  Aggregates contribute to further macroporosity in soils.  Micropores provide water and nutrient storage and areas for microbial activity (Senyk and Wass 1999). In productive soils, pores filled with air and water account for approximately one half of the total soil volume, while solids represent somewhat less than half (Macadam 1989).  Soil porosity is largely controlled by soil texture, particularly clay and organic matter content, and amount of aggregates
.  Sands have large and continuous pores, whereas clays contain many very small pores invisible to the eye (Gardiner and Miller 2004). 
2.2.2   Soil  texture

Soil texture refers to the relative proportions of the sand, silt, and clay particles comprising the mineral component of the soil.  These particles become known as separates when grouped according to size.  Sands range from 2 to 0.05 mm, silts from 0.05 to 0.002 mm and clays are less than 0.002 mm in diameter.  Soils predominantly comprised of sand particles are often termed coarse-textured, whereas soils made up largely of silt and clay are known as fine-textured.  Sandy soils are also referred to as “light”
 and fine-textured soils are also known as “heavy” (Brady 1974).

Soils of different texture exhibit different behavior to applied forces, such as heavy equipment, and pose different management challenges (Krzic and Curran 2005).  Soil texture can vary between or within soil horizons and, it is therefore necessary to determine the texture of each horizon.  The most limiting soil texture and its position in the soil profile may have important implications for soil management.   

Soil textural classes as determined by the soil texture triangle are classified by relative percent content of clay versus sand.  The higher the clay content the finer the soil texture.

Procedures for estimating soil texture in the field, along with interpretations for forest management implications are contained in LMH 47 (Curran et al. 2000) pp. 40-47.
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Figure 4.  Soil Texture Triangle.
2.2.3  Soil moisture and drainage

The amount, continuity, and size distribution of pores and their water content largely determine the water movement and storage (Satterland and Adams 1992, Bouma and Anderson 1973) capabilities of soils.  Macro pores allow water to drain by gravitational flow
, while micro pores retain water by the capillary phenomenon.  Capillary water
 is held tightly by hydrogen bonding and the smaller the pore the greater the bond (Gardiner and Miller 2004).  When pores interconnect to allow water to move freely, a soil is described as being permeable (Brooks et al. 1993).  Soil layers of differing textures contain variable soil porosities, influencing water movement between and along soil horizons. When a layer restricts downward water movement it is referred to as impermeable, this can greatly affect the water movement within and the storage capacity of a soil. 
In general, as soil depth increases pores become smaller and fewer, and water content increases until a zone of saturation, or the water table is reached. Water tables vary throughout the year based on incoming precipitation (see hydrologic cycle section 3.1).  It is important to ascertain the depth of water tables during harvesting operations when using ground based equipment.   
Any factor influencing the size and configuration of soil pores will influence water movement and storage within soils (Brady 1974).  Understanding the impacts to soil porosity from machine travel will be an important factor in maintaining the natural water flow and storage in a soil.
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 Figure 5.  Pore sizes are irregular in soils making water movement a tortuous process.  During soil 
     drying upward water movement during soil drying above the water table is facilitated by 
     capillary action.  The height of water rise is greater in fine-textured soils than in sandy 
   
     soils having many macro pores (adapted from Brady 1974).    
When soil layers above the water table are saturated
, essentially all pore spaces are filled with water. This condition, often found in the lower horizons of poorly drained soils, is described as saturation.  After a soil has been fully saturated and all gravitational water has drained away (free drainage ends) then a soil is known to be at field capacity
.  As the soil begins to further dry, more pores are filled with air which slows down or prevents the movement of water by capillary action (Brady 1974) and eventually a condition known as the wilting point is reached.  This is the point at which water can no longer be supplied to satisfy plant needs and they begin to wilt (Gardiner and Miller 2004, Brooks et al. 1993).    
The field capacity soil moisture condition is of greatest concern with respect to soil conservation.  In some soils field capacity may be reached in hours
, while in other fine textured horizons it might take a few days (Pluth 1999). Soil drainage classes are useful in distinguishing soils that remain at or above field capacity for long periods during the year.

Recognition of drainage classes is by color patterns and other observable features that indicate long-term trends in degree of wetness in a soil profile.  Those colors are responsive to water that is retained in the soil (at field capacity) and also to the effect underlying soil textural classes may have on regulating water flow.  For example, if a soil profile has a coarse over fine textured horizon, then the lower fine horizon regulates the flow of water through the coarser surface horizon.  As a result, the coarser surface soil horizon may have dull colors or mottling (speckled coloring) that indicate water content is above field capacity for significant periods of time (Pluth 1999).
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Table 2.  Soil drainage class

(adapted from BC Ministry of 

Forests 1983; Agriculture Canada

1987).

Figure 6.  Generalized drainage

patterns and drainage classes for 

soils as influenced by slope 

position.  Drainage classes may 

vary for a given slope position 

according to soil texture and 

coarse fragment content. 

Further work is recommended for this section, perhaps discussing hydraulic conductivity (term used in Section 2.4.1.4), bulk density, soil strength etc., particularly if the table below is to be used.  Also have not discussed how soil moisture relates to soil temperature and nutrients.
Somewhere in this section reference should be made to Chapter 3.1, percolation and storage section.

Table 3.  If inserted needs heading and some text   (source?)  summarizes 2.2.1 to 2.2.3

	Soil Texture
	Pore size & 

Proportion


	Water Holding

Capacity
	Soil Bearing Strength & 

Trafficability when Wet

	S, LS, SL
	Large pores

High
	Low
	Good

	L, SiL, Si
	Medium to small pores

High
	High
	Moderate

	CL, SiCL, SiL, 

SiC, SC, C
	Small pores

High
	High
	Poor

	Organic soils


	
	High
	Poor


2.2.4  Soil plasticity

Textural classes may be poor predictors of soil behavior under applied forces (i.e., harvesting equipment) as soil moisture contents vary.  A better framework for determining soil behavior at differing moisture contents is the use of soil plasticity classes as defined in the Canadian System of Soil Classification (Day 1983).  Plasticity is the ability of soil to change shape under the influence of an applied stress and to retain the new shape after removal of the stress (Curran et al. 2000). 

Plasticity is determined by the percentage of clay sized particles in the soil.  The higher the clay percentage, the easier it is to mold.  Defining a soil’s plasticity as non-plastic, slightly plastic, plastic and very plastic will alert field staff to soils that are prone to compaction and rutting
.  To determine plasticity class follow the field test below, as reproduced from the Silviculture Prescription Field Data Collection Handbook LMH 47 (Curran et al. 2000). Note that some practice is required to ensure that the optimum moisture content is used for this field test.

	Plasticity Field Test Method


	Plasticity Class

	Thoroughly work water into each sample for each mineral soil horizon.

Adjust the moisture content by rolling
the sample in your hand or on a flat 

surface to reduce moisture, or by

adding more water, until you can roll

the smallest diameter for a 4 cm roll 

(also referred to as a worm). 

Determine the plasticity class based

on the criteria to the left.


	NP – nonplastic
SP – slightly plastic

  P- plastic

VP – very plastic
	A roll 4 cm long and 4 mm thick cannot be formed.

A roll 4 cm long and 4 mm thick can be formed, but cannot support its own weight when dangled from the thumb and forefinger.

A roll 4 cm long and 2 mm thick can be formed, but cannot support its own weight when dangled from the thumb and forefinger.

A roll 4 cm long and 2 mm thick can support its own weight when dangled from the thumb and forefinger.


In Figure 7 plasticity classes overlay soil textural classes in the soil texture triangle.  Silt loam encompasses three plasticity classes (Thorlakson and Curran 1998) and illustrates how differences in clay content within one textural class can be important in relation to soil disturbance. 
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Figure 7.  Soil plasticity vs. the soil texture triangle (based on 48 samples of varying 

                 clay and sand content).  The three black lines delineate, from the bottom right 

                 corner: non-plastic, slightly-plastic, plastic, and very plastic, respectively.
Curran et al. (2000) provide some general implications for soil conservation management considerations during harvesting operations in Table 4.  
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Table 4.  General implications 

of soil plasticity for forest 

management.
2.2.5   Coarse fragments

Coarse fragments are mineral particles greater than 2 mm in diameter.  Particles of sand, silt and clay that are less than 2 mm in diameter are used to determine soil texture.  Texture and coarse fragment content are used to help characterize soil physical and chemical properties.  Restrictions to rooting volume and moisture and nutrient storage capacity occur as coarse fragment content of the soil increases.  If coarse fragment content exceeds 35% by volume in sandy soils and 70- 80% in loamy and finer-textured soils, soil hazards will increase.  The following guide, adapted from the FPC Forest Road Engineering Guidebook, may be of use when assessing soil grain size in the field.
Table 5.   Grain size identification (consistent with the Canadian Foundation Engineering Manual).

	Soil Type
	Fragment type
	Size Limits of 

Particles
	Familiar size Example

	Coarse-grained

soils
	Boulders
	20 mm (8 in) or larger
	Larger than bowling ball

	
	Cobbles
	60 mm (2.5 in) – 20 mm (8 in)
	Grapefruit

	
	Gravels
	Coarse gravel
	20 – 60 mm
	Orange or lemon

	
	
	Medium gravel
	6.0 – 20.0 mm
	Grape or pea

	
	
	Fine gravel
	2.0 – 6.0 mm
	Rock salt

	
	Sands
	Coarse sand
	0.60 – 2.0 mm
	Sugar

	
	
	Medium sand
	0.20 – 0.60 mm
	Table salt

	
	
	Fine sand
	0.06 – 0.20 mm
	Icing sugar

	Fine-grained 

soils
	Silts
	0.02 – 0.06 mm
	Cannot be discerned with naked eye at a distance of 200 mm (8 in)

	
	Clays
	< 0.02 mm
	Use simple field tests to distinguish between silts and clays 


2.2.6   Unfavourable substrates

Unfavourable substrates include root restricting layers, seepage, and unfavourable subsoils.  Root restricting layers include: a layer of bedrock; impermeable, very compact or cemented layers; or a permanent water table. 
Most roots are unable to grow through permanently saturated soil or open water because of the lack of available oxygen for root respiration.  Seepage is indicated by mottled or gleyed soil horizons that develop where soils have excess soil water and reduced aeration for prolonged periods of the year. Wet, organic soils commonly have a water table situated within 20-50 cm of the soil surface for much of the year. 
Unfavourable subsoils include soils with carbonates, a Bt (clay enriched layer) horizon, sands/gravels, or soils with very high (> 70- 80%) coarse fragment content. The most extensive unfavourable subsoils are the basal or lodgement tills deposited and compacted during glaciation. These glaciated subsoils cover over two-thirds of the province and are usually encountered within a 1 metre of the forest soil surface. 

Less extensive but locally important are massive, dense, silty and clayey glaciolacustrine deposits.  Luvisols on finer textured glacial till and glaciolacustrine materials commonly contain dense, Bt horizons that are can be as compact as their underlying parent materials.  The upper boundary of these horizons commonly lies between 25 and 50 cm depth.

Sandy and gravelly glaciofluvial deposits derived from glacial meltwaters, can form unfavourable subsoils because of their lack of silt- and clay-sized particles.  These parent materials are infertile at depth because of low water-storage and low nutrient-storage capacities.  In such soils the bulk of nutrients are stored in the forest floor and surface mineral soil.  These materials are likely to be considered unfavorable in dry biogeoclimatic zones than in moist to wet zones.

Parent materials containing high levels of calcium carbonate (lime) or salts result in very alkaline conditions (often exceeding pH 8.0) and are particularly adverse to vegetation establishment and growth.  Calcareous parent materials (Ck and Cca horizons, readily identifiable by the simple acid-effervescence test 
) are found near carbonate bedrock types (limestone and dolomite) from which they were derived.  They are widespread in southeastern BC
, but localized deposits of calcareous material are also found in groundwater discharge sites down slope of carbonate bedrock.  
In some cases (e.g., along rivers of the Fort Nelson Lowland) alluvial soils of floodplains, low river terraces and fluvial fans developed in materials derived from areas of sedimentary bedrock are commonly calcareous at shallow depths, particularly if they are periodically inundated by floodwaters.
In drier climates where soil development has not yet leached salts from the soils - these soils are often calcareous, sometimes very close to the surface (e.g., Ponderosa Pine and drier Interior Douglas-fir biogeoclimatic zones).
2.2.7  Soil organic matter

With the exception of organic soils, which are not discussed here, much of the site organic matter is at the soil surface in what is called the forest floor.  The forest floor is composed of LFH horizons; litter (L), fermented organics (F) and well decomposed humus (H). Organic matter plays an important role in gas and water exchange and as energy and nutrient reservoirs (Holcomb 1996).

Forests have an unusual capacity to store nutrients because of the large mass of leaves, twigs and stems which become part of the “free nutrient pool” when they fall; but much of this free pool is absorbed again by the roots of trees and by faunal populations.  The nutrient pool may build up over the years, leading to greater growth potential, but it may require a fire or severe cutting to release nutrients into the free pool for ready re-absorption by new growth (Hewlett 1982 pg 174).
Organic matter that is incorporated into the mineral soil modifies and improves the soil’s characteristics irrespective of texture. Nutrient content as well as nutrient and moisture storage capacity are increased as organic matter content increases.  Organic matter helps to maintain a high proportion of macropores, aiding in the formation and maintenance of a porous structure (Macadam 1989, Brady 1974).
Organic matter provides living space for more than 80% of soil organisms in the forest soil ecosystem.  The loss of organic matter through removal or displacement can influence biological activity by reducing the diversity and density of soil organisms and altering the structure and function of the soil organism community (Battigelli and Berch 2002).

Suggest topic be expanded to include work from at least the following references:

Satterlund and Adams 1992 pp 100-103    Reducing or eliminating organic surface materials, reduces soil organism populations which reduces many of the cementing agents and organic gels which help to aggregate the soil (build structure).  Without organic cover soils temperature and moisture extremes are more pronounced.
Kirkby 1978    page 133   vegetation cover is directly related to the conditioning effect of organic material on soil structure, bulk density and porosity.   Dead and decaying root systems can create important fissures or channel for free-water conduction, mainly in a vertical direction.   ……
Bulmer and Berch 2007 pg 13   organic matter
a) the soil biological community plays a vital role in soil formation and in the cycling of nutrients (Chapman and Kranabetter 1995; Clayton and Humble 1999; Battigelli and Berch 2002; Grayston et al. 2006);
Staddon et al. 2006 – important microbial information for this or next section (2.2.8)
Krannabetter et al. 2006.

2.2.8  The importance of topsoil
Throughout the BC interior, soil development is often shallow and many of the nutrients that are limiting to tree growth are often “bio-cycled” and concentrated in the upper soil horizons.  Biocycling is conducted by the living organisms in the soil including:  arthropods, fungi, earthworms, potworms, nematodes, rotifers, protozoans, algae, and bacteria
. As demonstrated in the table below, the top 20 cm of mineral soil and the forest floor are generally where most of the nutrients are concentrated. Therefore, displacing this fertile topsoil, or reducing the rooting volume of these vital topsoil layers should be minimized.
Table 6.  Typical nutrient distribution in BC Interior soils (BCMOF training materials)

	Nutrients in kilograms per hectare ( % of total)


	Soil layer
	Nitrogen
	Phosphorus
	Potassium

	Forest floor
	1450 
	76%
	112 
	92%
	224 
	91%

	0-20 cm
	1050
	
	13
	
	56
	

	20-40 cm
	820
	8
	25

	Total
	3320
	133
	305


In addition to decreasing nutrient content, soil biological activity also decreases rapidly with depth primarily because of its intimate association with soil organic matter.  

Consequently, all three components necessary to support a healthy, productive soil –favourable physical, chemical, and biological conditions –become increasingly and rapidly unfavourable with depth.

There are several other very recent works that could be incorporated yet, to increase the breadth of this topic.
MacDonald et al. 1991 Monitoring Guidelines to evaluate effects of forestry activities on streams in the Pacific Northwest and Alaska.   

In terrestrial ecosystems most of the soil nitrogen is associated with organic matter and is relatively immobile.  Mineralization of the organic nitrogen usually converts it to ammonia (NH3+).  Ammonium (NH4+) is the soluble form, and it can be taken up by plants, lost through leaching, oxidized, or fixed by exchange reactions. Normally nitrogen does not persist in the soil in the ammonia form, as it is oxidized by microbes (nitrification) first to nitrite (NO2-) and then to nitrate (NO3-).  Although both nitrite and nitrate are soluble and thus subject to leaching and biological uptake, the nitrite form is relatively transient.  In the undisturbed forest ecosystems of the Pacific Northwest, nearly all of the nitrate is converted into organic nitrogen by micro-organisms or plants, and this completes the basic nitrogen cycle.  

Phosphorous is an essential nutrient for plant growth.  However, an increase in plant-available phosphorous may not necessarily increase primary production, as other factors may be limiting.

2.3  Terrain largely determines initial choice of harvesting system

Terrain is characterized by slope or gradient, surface features and geomorphological processes. Terrain is the most important factor for choosing cable or ground-based systems (MacDonald 1999). Soil displacement, forest floor displacement, surface soil erosion and mass wasting hazards (section 2.4) are all modified by terrain factors.  Terrain features are discussed under slope, terrain uniformity and ground roughness.  Terrain processes are discussed under slope instability indicators, seepage sites and gully systems.  See also Chapter 3.2.1)
Terrain features

2.3.1  Slope 

Slope is a contributing factor in determining the soil displacement, forest floor displacement, surface soil erosion, mass wasting, landslide, and gully hazards.  As slope increases so does the risk with each of the hazards.  For the remainder of the handbook the terms flat, gentle, moderate, moderately steep and steep will be based on the following slope categories.  Some general considerations for harvesting within these slope categories are discussed.
Flat  0-5%    
Soils can vary from deep and well developed to freshly formed recent soils on flood plains. These sites have low mass wasting hazard and generally low soil displacement hazard.  Low to moderate surface erosion hazard is common however, where very fine-textured soils such as lacustrines are present, surface erosion hazards can be very high
.  Soil compaction and puddling hazards will vary depending on soil texture and soil moisture content.  Harvesting equipment restrictions are related more to soil textures and unfavourable substrates rather than physical constraints. Ground-based harvesting operations may apply with few restrictions.

Gentle  6-29%

Gentle slopes are often associated with rolling plateaus or valley side walls.  Soils can be variable dependent on parent material.  These sites often have one or more hazard ratings at moderate.  High compaction and surface erosion hazards are possible.  Soil disturbance may result from soil displacement and exposure of unfavourable subsoils.  Road construction may cause minor slope failures and/or surface erosion.  

Ground-based harvesting operations with few restrictions are appropriate.  If bladed trails can be avoided soil displacement will be limited to that produced by tires, tracks, and logs.  Rubber tired skidders used under favourable conditions, along with adequate planning and supervision will likely result in minor amounts of soil disturbance. 

Moderate 30- 45%
These slopes can have one or more high soil disturbance hazard ratings. On moderate slopes some modifications or restrictions to ground-based harvesting practices should be used to minimize impacts (i.e. skidding over frozen ground or snow, minimize cut trails, use wide tired skidders or crawler tractors).  If adequate deflection exists, these sites can also be considered for cable harvesting, particularly where soils are sensitive or in wetter climates.

Moderately steep   46-60%

These slopes can have one or more high soil disturbance hazard ratings.  These sites have considerable restrictions for timber harvesting practices, particularly for ground-based systems.  Strategies to minimize harvesting impact can include: cable systems, especially in wetter biogeoclimatic zones; harvesting when the ground is frozen or when there is adequate snow pack; and the use of low ground pressure equipment. 

Steep   >60%   
Very steep sites are susceptible to extensive soil displacement, slope failures or surface erosion.  These sites have severe restrictions for harvesting.  Even cable systems can create high levels of disturbance.  Road construction can cause extensive slope failure or surface erosion.  Cable harvesting or aerial systems are widely used on steep slopes.  

2.3.2  Terrain uniformity

Terrain uniformity can influence levels of soil disturbance. Irregular or complex terrain can confine harvesting equipment travel, resulting in more concentrated traffic.  This can increase the levels of soil disturbance.  Thompson and Osberg (1992) found that on slopes less than 30%, skidding disturbance was consistently higher on complex terrain than on uniform terrain, irrespective of the season of harvest. 

Complex, broken slopes or gullied terrain result in much greater soil disturbance during road and skid road construction because of more complex road alignment.  Where cable yarding is used, soil disturbance caused by moving logs is determined primarily by available deflection and lift.  Lift is a function of terrain configuration and the type of cable system applied.
2.3.3  Ground roughness

Ground roughness is independent of slope.  It is a measure of the height and spacing of obstacles that affect the ride and stability of ground-based equipment and the ability of cable equipment to yard efficiently.  Typical obstacles that impede equipment travel are boulders, depressions, rock outcrops, large stumps and windfalls.  Large stumps and boulders can also cause hang-ups for cable systems.  Swing yarders are better able to yard around obstacles because they can alter the location of the cable by swinging slightly off-centre (MacDonald, 1999).

Terrain Processes

2.3.4  Indicators of slope instability

The presence of slope instability indicators can provide clues to the potential for various types of landslides
.  Overlooking these indicators can result in harvest plans that increase the risk of slides or erosion events.  A list of slope instability field indicators which can be used as predictors of potential slides is provided in Table 7.  If any of these indicators are present it is recommended that a terrain stability field assessment (TSFA) be carried out by a qualified registered professional. This professional (e.g. geologist, geomorphologist, geological or geotechnical engineer) should have extensive experience in slope stability evaluations in a forest environment.  
Note:  a general rule of thumb for BC is, when slopes exceed 60% always conduct a terrain stability field assessment.
For a more thorough discussion on slope instability indicators see LMH 47, Silviculture Prescription Data Collection Field Handbook (Curran et al. 2000) and LMH 18, A Guide for Management of Landslide-Prone Terrain in the Pacific Northwest (Chatwin et al. 1994).

2.3.4.1 Landslide Hazard

In BC landslides caused from harvesting, silvicultural treatments or road construction, maintenance or deactivation are considered damaging to the environment. Landslides are a natural terrain process on the landscape however; forest operations can increase their frequency of occurrence.  Tools are available to help predict landslide hazard.  A TSFA is an analysis of landslide hazards and risks in an area, and the likely impact forest road and cutblock development will have on those hazards and risks (APEGBC 2003).  

This tool has proven successful in reducing the number of landslides in BC and its continued use is therefore highly recommended.  In 2005 a special investigation conducted by the Forest Practices Board of BC provided evidence of the usefulness of conducting TSFA’s.  In a study of 455 blocks in three areas
, they concluded that TSFA’s helped to significantly reduce the frequency of landslides, particularly in gullies, along stream escarpments and off road areas.  Other factors
 responsible for the lower number of landslides included:  better road locations, improved road-building techniques; reserves around stream escarpments and gullies; proactive deactivation; and increased use of professional engineers and geoscientists.  

When engaging the services of a qualified professional to conduct a TSFA, ensure that the following are provided and then, more importantly, incorporated into harvest planning:

· an estimate of likelihood of landslide occurrence(s);
Table 7.  Field indicators that may signify potential for landslide types.
	Field indicators                                          
	Potential landslide 

types
	Field indicators                                          
	Potential landslide types

	▪  partially revegetated strips (may also be snow
    avalanche tracks)

▪  jack-strawed trees (trees tilted in various directions)

▪  linear strips of even-aged timber

▪  landslide debris piled on lower slopes

▪  soil and rocks piled on the upslope side of trees

▪  pistol butt (recurved) trees (may also indicate snow

   creep)

▪  mixed or buried soil profiles

▪  poorly developed soils relative to other comparable

   slopes

▪  tension fractures

▪  poorly drained or gullied *, fine-textured materials
   < 3m deep on slopes > 50%

▪  poorly drained or gullied*, coarse-textured 
   materials on slopes > 50%

▪  wet site vegetation on slopes > 50%

▪  shallow, linear depressions

▪ shallow, wet, organic soils on slopes > 40%

	•  debris avalanches

▪ debris flows (debris 

   torrents)

▪ debris slides


	▪  talus or scattered boulders at base of slope

▪  rock faces with freshly exposed rock

▪ steeply dipping, bedrock discontinuities (bedding 

   planes, joints or fracture surfaces, faults) that

   parallel the slope

▪  bedrock joint or fracture surface intersections

    that dip steeply out of the slope
	Rock slides or rock fall (can be induced by excavation and blasting)

	
	
	▪  tension fractures

▪  curved depressions

▪  numerous springs at toe of slope, sag ponds

▪  step-like benches or small scarps

▪  bulges in road

▪  displaced stream channels

▪  jack-strawed trees (trees tilted in various

   directions), split trees

▪  poorly drained medium- to fine-textured materials 

    (e.g., till, lacustrine, marine and some glaciofluvial

    deposits) > 3m deep

▪  mixed or buried soil profiles

▪  ridged marine deposits
	▪  slumps

▪  earth flows   

	•  recent landslide scars

•  revegetated landslide scars
* for any gullied areas on the Coast, refer to the Gully Assessment Procedure Guidebook (2001)  
	High likelihood of landslides of the same type and size
	▪  recently scoured gullies*
▪  exposed soil on gully sides*
▪  debris piles at the mouths of gullies*
▪  vegetation in gully much younger than the adjacent

    forest

▪  poorly developed soils on gully sides relative to

   adjacent slopes (repeated shallow failures

   continually remove the developed soil profile)
	▪  debris flows

    (debris torrents)

▪  debris slides


· stratification of cutblocks or road segments by landslide hazard class;
· hazard assessments for surrounding areas
;
· an estimate of size or number of landslides; or consequence(s) of the landslides;
· recommendations for adjustments to proposed developments.

Note however, that there are limitations to TSFA assessments.  Field observations are largely based on surface expressions (indicators of slope instability), including natural or excavated soil exposures.  TSFA’s do not generally include subsurface investigations, measurement of soil strength properties or groundwater conditions (APEGBC 2003).  With this in mind, planners will need to consider the recommended adjustments to plans, weighing the consequences of landslides against the indicated hazards and risks.  Beware that forest operations can often be the triggers of landslides, even if they are not the exact cause.
Guidance for conducting TSFA’s is contained in the FPC Mapping and Assessing Terrain Stability Guidebook 1999.  It also contains procedures for reconnaissance and detailed level terrain mapping as well as example classifications for:  assessing the likelihood of landslide debris entering streams; soil erosion potential; and risk of sediment delivery to streams (section 2.4.4.5).  Professional standards
 for conducting TSFA’s in BC are available through the Association of Professional Engineers and Geoscientists of British Columbia.

Jordan 2001  Landslides in the Kootenays  pg 237 in Watershed Assessment in the SI of BC  W/S
2.3.5  Seepage sites

Ground water is a primary factor in slope failures and indicators of wet and poor drainage sites on slopes indicate potential for slope failure.  Soils exhibiting mottles (spots or blotches of different colour) or gleying (dull gray colours) provide clues that soil moisture content is high at certain times of the year.  

Other features which provide clues indicative of poor drainage conditions are presence of: water loving plants; springs, sag ponds, or moist areas on slopes; shallow depressions oriented up and down the slope; and curved depressions.  When observed, these features should be noted on maps and road profiles as potential sites of active, unstable ground. 
Water loving plants (e.g., sitka alder, horsetail, devil’s club, cow-parsnip, skunk cabbage) found in hillslope depressions developed in deep soils and weathered bedrock represent areas of potential accelerated creep and earthflow movement.  Linear shallow depressions identify surface and subsurface flow and can be sites for debris avalanches and debris flows.  Curved depressions identify areas of slump and earthflow failure and are sites of deep subsurface water concentration.  
2.3.6  Gullies

Gullies are a common feature throughout BC and are found in a range of materials (e.g., deep moraines, colluvium, bedrock, marine deposits) and landscape positions.  They are characterized by a catchment area, a headwall (often steep), a transport zone often with steep sides, and a fan (cone).  Figure 8 illustrates the four components of a gully.  In combination, they act as a conduit system for water, sediment and woody debris.  
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 Figure 8.  Components of a gully system.

Gully systems always have a catchment area and a transport zone.  However, fans and headwalls can be absent.  Headwalls are susceptible to landslides and erosion, contributing soil and vegetative debris into the transport zone.  Transport zone sidewalls can be stable, unstable or potentially unstable.  They also contribute sediment and vegetative debris to the gully system.  Fans act as the deposition zone for this debris, which can periodically move down the gully.  Fans can be geomorphically active, usually consisting of relatively loose, easily erodible, unconsolidated materials.  Gully systems can vary significantly, particularly with respect to transport zone gradients and the presence or absence of flowing water.

Gullies are formed by erosional processes (e.g., surface or subsurface water flow, mass wasting) and present several hazards for forestry operations, regardless of where they are located in BC.  Steeper gullies are inherently unstable, often requiring special management and safety considerations.  
When gully systems exhibit any of the following characteristics (listed in Chatwin et al.1994) they are likely to be unstable:  
· Transport zone:   sidewall > 70%

                                    gradient > 45% 

                                    sidewalls consisting of deep materials

                                    sidewall slumps or slides

· Fan:                      oversized due to many deposits

· Gully system:       wet soils and lots of seepage

                                    vegetation cover differences indicative of disturbances
                                    windthrow.
When harvesting related activities (some listed in Chatwin et al. 1994) occur in the vicinity of gullies natural drainage patterns or other factors leading to gully destabilization can occur.  Consider the following:

· Deep road cuts - often necessary in steep gullies or where deep soils have accumulated.  Sidecasting of the excavated material will over-steepen and overload the lower slope.  In soft soils, cut bank failures can also occur.

· Yarding  - can scour gully sidewalls, particularly where cross-gully yarding is practiced.  This may destabilize a gully sidewall, initiating a failure or resulting in increased siltation.

· Log breakage - common during falling along gully sides and during cross-gully yarding can result in large amounts of slash in the gully bottom.  This material increases the volume of any debris flow initiating upslope.

· Landings - located at gully headwalls are naturally unstable sites, with little room to accumulate landing debris safely. Stumps and debris cast downslope into the gully can initiate debris flows.

· Tree removal  -  a logged gully can become unstable following tree root deterioration, particularly on gully side slopes (15+  m high) with significant soil cover and slopes > 75%.

Careful road and block layout planning is required for potential operations in gully systems. For some suggestions on operational harvesting considerations around gullies consult FERIC Handbook No. HB-12 (MacDonald, 1999) and A Guide for Management of Landslide-Prone Terrain in the Pacific Northwest (Chatwin et al. 1994).  
Hogan and Millard 1994 Gully assessment methods in Hogan et al. 1998 Carnation Creek w/s 

2.3.6.1  Gully hazards

The Gully Assessment Procedures Guidebook (GAP
) has been developed to help assess gully hazards and choose management strategies to reduce the risks associated with road and cutblock development, both pre- and post-harvest
.  Landslides around gullies have declined (FPB 2005a) since the guidebooks introduction in 1995, so it would be reasonable to conclude that it has had a positive influence on forest management activities.  As with TSFA’s it is recommended that procedures contained in the guidebook continue to be practiced.  There are however, limitations to the guidebook’s application. 
First, the guidebook is intended to assist forest practitioners that are not expert in geological or geomorphological processes. If a substantial gully hazard or risk is identified through the use of the guidebook then it is recommended that a qualified professional be consulted.

Second, it is specific to hillside gullies that cut into bedrock or surficial materials. Third, the gully assessment procedure was developed on research and management experience in coastal BC where peak flows result from intense rainfall events
.  It is therefore intended for use on the Coast.  
Fourth, the guidebook concentrates on identifying five specific types of hazards in hillside gullies:  debris slide; debris flow; debris flood; water transport; and fan destabilization.  It does not assess hazards caused by surface erosion
 or snow avalanche
 events.  

Since rainfall generated peak flows on BC’s coast differ considerably from the spring snowmelt peak flows in BC’s interior (see section 3.1), the guidebook is less useful for gully assessments in the Interior.  However, it may be useful to identify gully systems in the Interior > 5 m deep for an assessment
. When using the guidebook in the Interior for pre-harvest planning, think gully system.  What happens in the catchment area and headwalls can directly influence the transport zone and hence the fan. 
2.3.7  Karst topography
References:
Karst Management Handbook for British Columbia

FPB – Protecting karst in Coastal BC special report  (FPB/SR/31)    2007a

2.4  Soil Disturbance processes are used to refine initial choice of harvesting system

Determining the soil disturbance hazards for a cutblock alerts the forest practitioner to specific soil disturbance concerns and provides a basis for developing harvesting strategies and other forest practices that employ heavy equipment (e.g., mechanical site preparation and intermediate cuttings).
To help quantify the risks associated with soil disturbances, five hazard keys have been developed.  All five soil disturbance hazards can be used to describe soil/terrain conditions.  The Mass Wasting Hazard assessment may be of use whenever excavation is anticipated and there is a potential for minor cut and fill failures.  The Forest Floor Displacement Hazard can be determined whenever dispersed (random) skidding on steeper slopes, or where mechanical site preparation or stump removal is prescribed.  
The soil disturbance hazards can identify site conditions that are suitable for construction of excavated and bladed trails (skid roads or backspar trails). If site rehabilitation is required, hazard ratings can help determine the likelihood of success. 

Data required for conducting a soil disturbance hazard assessment

The data required for conducting a hazard assessment are summarized below. If additional information is required on methods for collecting and interpreting data refer to the SIL411 field guide (Curran et al. 2000), or consult with the government regional soil scientist.

Type of Information                                           Specific Data Item
Climatic information       


•  biogeoclimatic subzone/variant

Slope and terrain information 

•  slope gradient










•  slope length/uniformity








•  presence of slope instability indicators   






•  presence of hummocky terrain   

Site hydrology information

•  gully spacing










•  soil moisture regime









•  occurrence/depth of seepage

Soil information 



•  forest floor depth and dominant horizon   






•  soil texture and changes with depth







•  coarse fragment content (%) and changes with depth





•  depth to carbonates









•  depth to bedrock









•  depth and type of unfavourable subsoil






•  depth to water-restricting layer

The evaluation of soil sensitivity to disturbance involves working through the five hazard assessment keys described in the following sections.

Note on organic soils:

Organic soils, composed of >60 cm of wetland organic material, or upland soils (Folisols) with forest floors >40 cm thick, are particularly susceptible to rutting and puddling.  These materials have very low load-bearing strength and consequently a high soil displacement hazard and a very high soil compaction and puddling hazard.  A soil erosion hazard rating, however, has not yet been developed for organic soils.
Do we make a general precautionary statement here wrt harvesting activities around/on organic soils?
2.4.1   Soil Compaction and Puddling Hazard

2.4.1.1   What is compaction and pudding?
Soil compaction is the compression of soil that results from the rearrangement of soil structure in response to applied external forces. During compaction of a soil, soil bulk density increases and soil porosity decreases. Large soil pores or macropores are more vulnerable to destruction than are micropores, and hence compaction reduces macroporosity much more than microporosity.  The collapse of pore space and break-up of pore continuity affects soil thermal properties and air and water relationships which in turn influence chemical and biological reaction rates (Senyk and Wass 1999). 
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Figure 9.  Soil compaction impact and results.  Suggest a rework of the soil 


    compaction diagram above by Wulfsohn on page 70 of 1999 W/S)

Compaction can occur regardless of slope, terrain, or weather conditions. The degree of compaction is determined by a combination of soil factors and the kind and magnitude of the compactive forces.  Key factors include the amount and type of pressure and vibration applied, the thickness and nature of the forest floor, and the soil texture, soil structure and soil water content during compaction (Adams and Froehlich 1981).  Because coarse textured soils generally contain a larger proportion of macropores compared to finer textured soils, they are better able to withstand certain levels of compaction compared to finer soils.  The effect of compaction is also dependent on existing soil density.  Soils of inherent high density are more resistant to compaction; however, a small increase in density in such soils may adversely affect plant growth.
Soil puddling is a natural extension of the destruction of soil structure and the associated loss of macroporosity that results from working the soil when wet. Working soils in this condition produces a slurry since soil water content is at or above the liquid limit.  Puddling, when accompanied by excessive rutting, results in massive soils, with low permeability to water and air. This can reduce plant growth similar to that caused by severe compaction. Displacement of weak organic materials by rutting commonly intercepts the water table so that standing water is found in the ruts for prolonged periods.

2.4.1.2 What are the components of the compaction and puddling hazard key?
The science and rationale for the compaction hazard key were laid out in Carr et al. (1991). The upper 30 cm of soil is used to assess this hazard because increases in soil density from landings and skid roads are greatest at the soil surface. Beyond the 30 cm depth these density impacts decline rapidly. When coarse fragment volume exceeds 70%, it provides “bridging” support for harvesting equipment. Soil texture, soil moisture regime and depth of humus layer are also used in the compaction/puddling hazard assessment.

Organic soils are also included in this hazard key because they are susceptible to rutting.  Unlike mineral soils that develop ruts as a result of compaction or puddling, organic soils develop ruts as the structurally weak organic material is displaced.

The key uses soil texture and soil moisture regime to categorize compaction/puddling risk.  However, soil texture classes are often not well correlated with soil plasticity and soil moisture regime classes do not indicate soil moisture content which directly affect compactibility.  Therefore, further soil analysis is required (section 5.2.?) using the plasticity classes described earlier (section 2.2.4).  

2.4.1.3   The soil compaction and puddling hazard key
The soil compaction and puddling hazard key (Table 8) derives a hazard rating from the combined influences of soil texture, coarse fragment content, moisture regime, thickness of the forest floor horizon, and soil type (mineral or organic).  When the soil compaction hazard is rated as Very High in the Interior and High or Very High on the Coast the soil is considered to be “sensitive”.  

‘

Table 8.  SOIL COMPACTION AND PUDDLING HAZARD KEY

	
	HAZARD RATINGb

moisture regime

	SOIL TEXTUREa
(0-30 cm)
	Xeric-subhygricc
c(H horizons <20 cm)
	Subhygricd-subhydric
d(H horizons >20 cm)

	Fragmental

(coarse fragments >70%)
	L
	M

	< 70 %
	Sandy

S, LS
	L
	

	coarse
	Sandy Loam

SL, fSL
	M
	VHe

	Frag-
	Silty/Loamy

SiL, Si, L
	H
	

	ments
	Clayey

SCL, CL, SiCL,

SC, SiC, C
	VH
	


a
Use dominant soil texture and coarse fragment content of the upper 30 cm of mineral soil to assess compaction hazard.  If a pronounced textural change occurs within the upper 30 cm (e.g., silty over sandy soil), then use the more limiting soil texture, providing it amounts to 5 cm of the top 30 cm.

b
L=Low; M=Moderate; H=High; VH=Very High.

c
Use this column for subhygric sites with forest floor H horizons <20 cm thick.

d
Use this column for subhygric sites with forest floor H horizons > 20 cm thick.

e
Organic soils composed of more than 40 cm of wet organic material, or forest floors >40 cm (including Folisols < 40 cm), are susceptible to rutting because of their very low load-bearing strength materials make them easy to displace.
Soil texture abbreviations:

S
- sand
LS
- loamy sand

SL
- sandy loam
fSL
- fine sandy loam*

L
- loam
Si
- silt

SiL
- silt loam
SC
- sandy clay

SCL
- sandy clay loam
SiC
- silty clay

SiCL
- silty clay loam
C
- clay



CL
- clay loam

* For the purposes of this key, fSL, "fine sandy loam" means the soil contains 30 % or more fine or very fine sand, or more than 40 % fine and very fine sand combined.  Fine sand is 0.25 - 0.10 mm in diameter, very fine sand is 0.10 to 0.05 mm in diameter; these generally represent the limits of visible particles.

2.4.1.4   Why are compaction and puddling of concern?
Soil compaction is the most common soil modification resulting from the use of harvesting equipment on forest soils (McNabb 1999). When a soil undergoes compaction or puddling there is an alteration or loss of soil structure, particularly with respect to pore spaces. Any reduction in macroporosity slows the movement of soil air and soil water, and physically restricts root and mycelial penetration. As a general rule, when oxygen requirements for respiration in the soil exceed the rate at which soil air can be replaced from the atmosphere, root growth is reduced.  This can occur when air-filled porosity is less than approximately 10%, although root growth may not stop completely until air space is as low as 2% (Hope 2005, personal communication).  Fine textured soils loose much of their macroporosity with minimal compaction (Carr et al. 1999).

There is no consistent link between soil compaction, soil properties, and tree growth.  However, McNabb and Froehlich (1984) estimated that about 80% of the time compaction could be linked to reduced tree growth.  Several long term studies conducted by the Canadian Forest Service throughout BC corroborate McNabbs’ findings.  Senyk and Wass (1999) summarized 20 years of research looking at soil properties and tree growth on a broad range of soil and disturbance types within a variety of forested ecosystems across southern BC.  They concluded that soil compaction consistently resulted in poorer seedling survival and growth, within the first five to ten years of establishment.  However they did note that response varied with ecosystem and site, extent of compacted area and degree of compaction.  They further noted that after 7 to 10 years, tree toppling occurred on some disturbance types.  This was most noticeable where rapid above-ground tree growth occurred, on compacted soils, dense subsoils and in deposits overlying compacted soils.  In these cases rooting was extensive though very shallow (Wass and Smith 1994).

The variable response of tree growth to compaction is confounded by the variable response of soil hydraulic activity due to compaction. Changes can either be negative or positive depending on initial soil conditions.  Compacted soils can remain wetter longer, resulting in colder or poorly aerated soils. Senyk and Craigdallie (1997b) noted that compaction increased water holding capacity in some coarser textured soils.  These soils typically have lower compaction hazard ratings.

Wet organic soils commonly have a water table situated within 20-50 cm of the soil surface for much of the year.  Displacement of the structurally weak organic materials by rutting commonly intercepts the water table, creating ruts with standing water for prolonged periods.  Most tree roots are unable to grow through permanently saturated soil or open water because of the lack of available oxygen for root respiration.

Lower hydraulic conductivity and infiltration rates of compacted or puddled soil  increases runoff during rainfall and snowmelt.  This occurs, because under gravity, water drains from macropores whereas water is retained in micropores (Pluth 1999).  With loss of macroporosity due to compaction, this can lead to increased net export of water from a cutblock, which can affect down slope sites, natural drainage features, and other resource values due to erosion and sedimentation. Increased water export also means less water may be stored on site to support tree growth during summer dry periods
. 

Compaction is a long-lived phenomenon, and natural freeze-thaw and wet-dry cycles have not been observed to ameliorate equipment-induced compaction at depth.

2.4.2   Soil Displacement Hazard

This assessment is useful in the identification of sensitive soils.  Sensitive soils require careful planning to ensure excessive soil disturbance does not occur.

2.4.2.1   What is soil displacement?
Soil displacement is the mechanical movement of mineral soil materials by equipment and movement of logs. It involves excavation, scalping, exposure of underlying materials, and burial of fertile surface soils. The movement of soils by erosive processes (discussed in section 2.4.4) is not considered soil displacement.

Minor soil displacement may not be detrimental and can be beneficial.  Soil displacement that is detrimental generally removes or buries productive “topsoils”, exposes physically unfavourable, infertile or calcareous subsoils, or produces excessive water-filled rutting in organic soils.

2.4.2.2   Why is soil displacement of concern?
The greatest concern of soil displacement is with shallow soils with adverse physical and chemical subsoil properties.  In such soils, the majority of nutrients are stored in the forest floor and uppermost mineral soil.  In addition, soil physical properties, notably bulk density and porosity, particulary macroporosity, become less favourable with depth (i.e., bulk density increases, soil porosity decreases).
Three aspects of displacement can produce soil degradation:

· redistribution and loss of nutrients, 

· exposure of unfavourable subsoils, such as dense parent material, subsoils with high coarse fragment contents, and calcareous (high pH) soils, and

· alteration of slope hydrology.

Displacement does not export soils and their nutrients from the treatment area, but redistributes them over relative short (tens of metres) distances.  Depending on the equipment used, the surface soils are variously mixed, buried or inverted.  The deeper the displacement, the more unfavourable materials that will be either mixed with surface soils, or inverted at the surface. Initially, seedling roots occupy surface soils, deeper soils become available only after years or decades of root proliferation.   Deeply buried organic material may be lost to the ecosystem, particularly if poor aeration or saturation prevents decomposition.

Exposed unfavourable subsoils (discussed in section 2.2.6) are poor rooting mediums (Kishchuk et al. 1999, Dumanski et al. 1972).  Mixing unfavourable subsoils with topsoils during rehabilitation may reduce tree growth.  Dykstra and Curran (1999) studied tree growth on rehabilitated skid roads and found poorer growth on rehabilitated portions associated with calcareous soils (Figure 10).




Figure 10.  Three-year height increment on rehabilitated skidroads at 1996 block height, all blocks and species studied (Pl – lodgepole pine; Se = Engelmann spruce; from Dykstra and Curran, 1999).  Lussier block is calcareous at 12 cm; data order is U (undisturbed), I (inner track), M (mid-road), and B (berm).

Soil displacement can also result in the reduction of total soil water holding capacity.  This can lead to increased runoff and a change in natural drainage patterns.  In addition, the exposed subsoils may also be more susceptible to other soil degrading processes such as soil compaction and puddling or erosion.
Displacement in wet, organic soils often reduces root and tree growth and can decrease available soil nutrients.  Where rutting is continuous, linear root systems may eventually result in trees prone to windfall. 

2.4.2.3   What are the components of the soil displacement hazard key?

The soil displacement key addresses two issues:  the effects of slope on (excavated and bladed trails) cut height and the nature of the exposed soil materials (Lewis et al. 1991).  Slope gradient, slope complexity and depth to unfavourable subsoil are the key factors in deriving this hazard. 

2.4.2.4   The soil displacement hazard key
Table 9.   SOIL DISPLACEMENT HAZARD KEY

Soil Displacement Hazard Key Definitions:

Unfavourable subsoils – includes:


-
dense parent materials – compact glacial till, silt or clay textured glaciolacustrine, or other soil parent materials (C horizons) that cannot be readily dug into with a shovel, especially when moist or dry (i.e., a pick or pulaski is required to loosen before digging).  Soil textures are usually clays and clay loams.  Soil structure is poorly developed, usually described as massive (when dug, the soil remains in large, amorphous, very firm clods).

-
dense, clayey Bt horizons – clay-enriched subsoils of Luvisols >5 cm thick and with clayey textures (clay and clay loams).  They cannot be readily dug with a shovel if moist or dry, and have firm to very firm soil consistence (soil peds do not break when crushed in the hand), or a massive structure (the soil when dug remains in large, amorphous clods).

-
sandy materials with sand or loamy sand texture – granular C horizon parent materials with a low content of silt and clay, and low water-holding and nutrient-storing capacity.  More important in dry Interior biogeoclimatic units than in moist-wet units.

-
fragmental materials – subsoils comprised of >80% (by volume) of stones, cobbles and gravels (coarse fragments  >2 mm diameter), with too little <2 mm soil to fill interstices greater than 1 mm.
Carbonate – a soil layer containing appreciable calcium carbonate (lime) in which the soil particles <2 mm in diameter effervesce (fizz) when contacted with 10% HCl (muriatic acid); these calcareous soils may have white coatings on coarse fragments; may have powdery white deposits in the soil.
Seepage – consider seepage only for subhygric, hygric and subhydric sites, as indicated by vegetation (site series).   For these sites, estimate typical depth of seepage by direct observation of seepage or water table (make allowances for recent weather and spring break-up); or by inference, using soil colours, either mottling or gleying.

Slopea

	Slope gradient (%)
	Points
	Slope gradient (%)
	Points

	  0
	0
	40
	  6

	  5
	1
	45
	  8

	10
	1
	50
	10

	15
	2
	55
	12

	20
	3
	60
	16

	25
	3
	65
	20

	30
	4
	70
	26

	35
	5
	75
	32


Slope complexity

	Terrain feature
	   Slope gradient %
	Points

	Close gully spacing:
	<30%
	2

	two or more >2 m deep sharp-edged
	30-45%
	4

	gullies occur per 100 m along the contour
	>45%
	6

	Hummocky terrain:

broken terrain with small, but steep-sided knolls or ridges,

(e.g., eskers, rocky knobs and drumlins) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +2


Subsoil conditions

	Depth should be measured from the bottom of LFH to:
	<30 cm
30-60 cm
61-90 cm
>90 cm

	Unfavourable subsoil, bedrock, seepage or carbonates
	__________________Points_________________


12
8
4
0


	Soil displacement hazard rating:  (point total)

	Low

<7
	Moderate

7-14
	High

15-24
	Very High

>24


organic soil

	Organic soils composed of >40 cm of wet, organic materials:                               High
Forest floors over bedrock or skeletal materials (e.g., Folisols):                   Very High


a
Use average slope to determine rating, but also consider the upper end of the slope range in formulating prescriptions.
2.4.3   Forest Floor Displacement Hazard

Assessment of the forest floor displacement hazard is recommended for planning dispersed skidding on slopes, rehabilitation of soil disturbance, and mechanical site preparation and root rot treatments.  Forest floor displacement is of particular concern when calcareous soils are present.

2.4.3.1   What is forest floor displacement?

Forest floor displacement is the mechanical movement of the upper layers of organic-rich materials by equipment and movement of logs. It involves excavation, scalping, mineral soil exposure, and burial of the forest floor. 

2.4.3.2   What are the effects and implications of forest floor displacement?
The effects of forest floor displacement range from beneficial to detrimental, depending on site factors (e.g. mineral soil characteristics) and how far the forest floor is displaced from potential growing sites for seedlings. Two aspects of forest floor displacement can produce soil degradation:


SYMBOL 183 \f "Symbol" \s 10 \h
redistribution and loss of nutrients and organic matter, and

SYMBOL 183 \f "Symbol" \s 10 \h
exposure of unfavourable rooting medium.

The importance of the forest floor in BC soil management has already been noted in section 2.2.7.  Conservation of forest floor layers is important in all forested ecosystems, particularly those growing on soils that are nutrient poor or have low water-holding capacity. On these sites, use of the forest floor displacement hazard should be considered in developing prescriptions.  
2.4.3.3   The forest floor displacement hazard key
Table 10.  FOREST FLOOR DISPLACEMENT HAZARD KEYa

Forest Floor Displacement Hazard Key Definitions:

Close gully spacing – 2 or more >2 m deep, sharp-edged gullies occur per 100 m along the contour.  
                                   Gentler, rounder gullies are not a concern, since extra excavation would not be 
                                          involved in crossing such gullies with a bladed structure.
Hummocky terrain – broken terrain with small, but steep-sided knolls or ridges, (e.g., eskers, rocky
         
                            knobs and drumlins).
Unfavourable subsoils – include:


-
dense parent materials – compact glacial till, silt or clay textured glaciolacustrine, or other soil 
                                   parent materials that cannot be readily dug into with a shovel (i.e., a pick or 
                                         pulaski is required to loosen before digging).

-
dense, clay rich Bt horizons – clay-enriched subsoils of Luvisols >5 cm thick and with clayey
                                   textures that cannot be readily dug with a shovel.

-
sandy materials with sand or loamy sand texture – granular materials with a low content of silt 
                                   and clay, and low water-holding and nutrient-storing capacity.

- fragmental materials – subsoils comprised of >70% coarse fragments (i.e., fragments  >2 mm 


                          diameter).

Carbonate – a soil layer containing appreciable calcium carbonate (lime) in which the soil particles <2
                      mm in diameter effervesce (fizz) when contacted with 10% HCl (muriatic acid).  These 
                         calcareous soils may have white coatings on coarse fragments; may have powdery white 
                         deposits in the soil.
Seepage – consider seepage only for subhygric, hygric and subhydric sites, as indicated by vegetation (site 
                 series).  For these sites, estimate typical depth of seepage by direct observation of seepage or water 
                     table (make allowances for recent weather and spring break-up); or by inference, using soil colours, 
                     either mottling or gleying.
	Forest floor
	
	
	

	LFHb
	< 6
	6-10
	11-20
	>20
	< 5
	5-10
	>10
	<10
	<10
	all

	Ah
	< 1
	< 1
	< 1
	< 1
	1-2
	1-2
	1-2
	3-5
	6-10
	>10

	(points)
	12
	8
	6
	4
	9
	6
	4
	4
	2
	0

	Dominant soil

matrix (top 30 cm)c

(points)
	Very Coarse

8
	Coarse

4
	Medium

2
	Fine

8

	Depth to unfavourable subsoil, bedrock, seepage, or carbonates

(points)
	<15 cm

12
	15-30 cm

8
	30-60 cm

2
	>60 cm

0

	Sloped

(points)
	> 60 %, gullied, or hummocky terrain

6
	30-60%

3
	<30%

0

	RATINGS
	< 9

Low
	9-14

Moderate
	15-25

High
	>25

Very High


a
The forest floor displacement hazard rating is determined from the total of points added up for: forest floor LFH depth/Ah depth; soil "matrix" (texture/coarse fragments); depth to unfavourable subsoil, bedrock, seepage, or carbonates; and slope/hummocky terrain.

b
Not including rotten wood.  The three boxes generally corrrespond to Mor, Moder, and Mull humus forms, respectively.

c
If first or top soil horizon is 15 cm or more, use it, otherwise use thickest layer in the top 30 cm of mineral soil.

d
Use average slope to determine a rating, but in formulating prescriptions also consider the upper end of the slope range.

Soil matrix

	Texture
	Coarse fragment content

	
	<30%
	30-70%
	>70%

	S, LS, SL
	Coarse
	Very Coarse
	Very Coarse

	fSL, Si
	Medium
	Coarse
	Very Coarse

	SiL, L
	Medium
	Medium
	Coarse

	SC, SiC, SCL,

SiCL, CL, C
	Fine

Fine
	Medium

Medium
	Medium

Medium


Soil texture abbreviations:

S
- sand
LS
- loamy sand

SL
- sandy loam
fSL
- fine sandy loam (defined in Compaction Hazard section)

L
- loam
Si
- silt

SiL
- silt loam
SC
- sandy clay

SCL
- sandy clay loam
SiC
- silty clay

SiCL
- silty clay loam
C
- clay

CL
- clay loam
2.4.3.4   Why is forest floor displacement of concern?

Forest floors typically represent a major component of the nutrient capital on a forest site. In the BC Interior, it is not uncommon for the forest floor to contain over 50% of the soil nitrogen and 80 % of the phosphorus (Table 6 section 2.2.8).  Given that many Interior sites are considered nitrogen deficient, conservation of the forest floor is important. 

Organic matter provides living space for more than 80% of soil fauna and microbes in the forest soil ecosystem.  The loss of organic matter through removal or displacement can directly influence biological activity, reducing the diversity and density of soil fauna and altering the structure and function of the soil fauna community (Battigelli and Berch 2002).

Should redo this portion with input from page 15 of Rationale manuscript
2.4.4   Surface Soil Erosion Hazard

This section presents a key for determining surface soil erosion hazard on areas to be harvested.  It does not apply to soil erosion from roads.  Best management practices to minimize such erosion are discussed in the FPC Forest Road Engineering Guidebook  (other references here?).
see page 136-141 in Hewlett 1982  Principles of Forest Hydrology 
see pages 186-198 in Satterlund and Adams 1992 
2.4.4.1   What is surface soil erosion?
Soil erosion refers to the wearing away of the earth's surface by water, wind and gravity.  Only water erosion is factored into the surface soil erosion hazard key which includes sheet, rill, and gully erosion.  Sheet erosion generally begins with the impact of raindrops on a bare soil surface, which loosens or dislodges soil particles downslope (occasionally upslope) (Hewlett, 1982).  The raindrop impact, together with flow of water over the soil surface, is capable of moving considerable material down slope. Transportation of the eroded soil in a thin sheet of water flowing overland is termed sheet erosion; this flow commonly only occurs for a few metres on a slope.  Rill erosion occurs when surface water is concentrated into many small channels a few centimeters deep.  It often precedes the formation of gullies which are essentially deep rills.  Gully erosion may be a serious hazard if concentrated drainage waters are diverted onto erodible soils, particularly when the soils are unprotected by forest floor layers.

In an undisturbed forest environment, vegetation and forest floor (litter and duff) protect the surface soil, preventing surface soil erosion or reducing it to negligible levels.  Even after harvest the forest floor dissipates the impact of rain, minimizing overland flow and protecting erodible soils (Toews and Brownlee, 1981).  The infiltration capacity of undisturbed forest soils is nearly always greater than prevailing rainfall intensities because forest floors absorb the energy of falling rain and permit it to slowly penetrate into the mineral soil layers.  To the degree that forest floors are disturbed by logging and road building, infiltration may be impaired and overland flow may occur (Hewlitt, 1982).
2.4.4.2   What are the effects and implications of surface soil erosion?  

There are both on-site impacts (soil movement, nutrient movement) and off-site impacts (reduced water quality, increased sedimentation, loss of habitat) associated with erosion.  On site impacts of erosion relate to the effects of the loss of organic-rich, fertile top soil (section 2.2.8), and the possible exposure of nutrient-poor or unfavourable subsoils (section 2.2.6).  These changes in soil conditions can have effects on both soil fertility and on-site water relations, both of which directly affect plant growth.  Eroded areas are also difficult to re-vegetate and consequently, may continue to erode.

In forested environments in BC there is generally more concern with off-site impacts of erosion than on-site impacts.  Eroded material can result in sediment delivery to streams and rivers, causing water quality problems both for fish and for humans.  Concerns over sedimentation have been presented and discussed widely in BC (References).  Erosion of road surfaces, can also reduce the effectiveness of ditches and culverts, and initiate road-related mass wasting events.  Gully erosion can create new drainage channels disrupting natural drainage patterns and create further instability.  The major erosion concerns are in steep or unstable terrain where a small disturbance may initiate larger and longer terms mass wasting and erosion problems (Toews and Brownlee, 1981).

2.4.4.3   What are the components of the surface soil erosion hazard key?
The science and rationale for the key are based on Carr et al. (1991).  Erosion hazard must consider both the inherent erodibility of the soil and the magnitude of the erosive forces.  The inherent erodibility of a soil is influenced primarily by surface soil textural properties, such as structure and cohesion.  The magnitude of the erosive forces is determined by the quantity of surface runoff and its associated energy.  Runoff depends on precipitation frequency, intensity, and duration and on soil permeability.  Soil permeability is inferred by an assessment of subsoil properties that determine the likelihood of overland flow versus movement of water through the soil.

The kinetic energy of surface runoff is derived from topographic features such as slope length, slope roughness and slope gradient (Wischmeier 1959). These factors determine the velocity and volume of overland flow, and therefore the kinetic energy available for erosion.  With increasing slope gradient and slope length, a predictable sequence from rill erosion to gully erosion is observed as flow concentrates in channels and becomes increasingly erosive downslope.

2.4.4.4   The surface soil erosion hazard key
   The surface soil erosion hazard key rates the susceptibility to water erosion of exposed mineral soil (i.e., when protective vegetation, forest floor and slash are removed).  Erosion of forest soils remains low when surface organic layers are intact.  The surface soil erosion rating has not been developed for organic soils.


Also note that the surface soil erosion hazard key is designed for determining the erosion hazard of surface soils exposed in cutblocks by harvesting activities, especially skidding.  It is not designed for predicting erosion from roads and ditches, where the subsoil is exposed.
Table 11.  SURFACE SOIL EROSION HAZARD KEY
	
	Degree of contribution of factors

	Site

factors
	Low
	Moderate
	High
	Very high

	Climate

precipitation factor

(points)
	low

2
	moderate

4
	high

6
	very high

8

	Topography

slope gradient (%)

(points)

 length/uniformity

(points)
	0-10

1

-------------
short broken

1
	11-20

3

---------------
short uniform

2
	21-50

6

--------------
long broken

3
	>50

9

----------------

long uniform

4

	Depth to water-restricting layer (cm)

(points)
	>90

1
	61-90

2
	30-60

3
	<30

4

	Surface soil detachability
(0-15 cm)a
(points)
	SC,C,SiC

1
	SiCL,CL,SCL

2
	SL,L

4
	Si,SiL,fSL,LS,S

8

	Surface coarse fragments (0-15 cm)a
(points)
	>60
1
	31-60

2
	16-30

3
	<16

4

	Subsoil permeability

(16-60 cm)a
 (points)
	S,LS,SL,fSL

1
	L,SiL,Si

2
	CL,SCL,SiCL

3
	C,SC,SiC

4

	Soil erosion hazard ratingb
(point total)
	Low

<16
	Moderate

16-22
	High

23-31
	Very high

>31


a
If two contrasting textures or coarse fragment contents occur in the depth, use the one with the highest point rating.

b Gently sloping areas with long, uniform slopes may rate as high soil erosion hazard.  This is because substantial erosion can occur 
    on these sites given the right conditions.
Definitions used in this key:


Precipitation factor -  integrates precipitation type, frequency, intensity and duration and the biogeoclimatic subzone/variant.  Extract appropriate class from tables in Appendix A.

Short slopes - <150 m unbroken slope length between level or adverse slopes that will impede the continued flow of water.

Long slopes - >150 m unbroken slope length between level or adverse slopes that will impede the continued flow of water.

Broken slopes - variable, complex or benched slopes.

Water-restricting layer - restricting to downward flow of water, but not necessarily to root growth.  Includes impermeable, dense, compact or cemented layers; bedrock; or permanent water table.

2.4.4.5   Risk of sediment delivery to streams

Whenever logging activities are proposed near streams and other water bodies, a risk rating for sediment delivery should accompany the surface soil erosion hazard assessment.  This is particularly important when a high or very high surface soil erosion hazard has been identified.  
Completing the surface soil erosion hazard and the rating system for sediment delivery risk are recommended when:  there are fisheries or potable water values nearby; and whenever  excavated trails are planned, particularly in community watersheds.  
Table 12 illustrates how slope and proximity to streams can affect the risk of sediment delivery.  Other factors such as slope shape and soil permeability should also be considered.  The rating for a specific site may not strictly follow these guidelines.  Modifications may be necessary to suit local conditions.

Table 12.  Assessment of risk of sediment delivery to streams

	Risk of sediment

Delivery to streams
	Proximity of stream channel to cutblock or standards unit (SU)

	
	No stream channel in or adjacent to cutblock or SU
	Minor* stream channel in or adjacent to cutblock or SU
	Major** stream channel in or adjacent to cutblock or SU

	Very low
	Gentle to steep slope
	
	

	Low
	
	Gentle slope
	

	Moderate
	
	Moderate slope
	Gentle slope

	High
	
	Steep slope
	Moderate slope

	Very High
	
	
	Steep slope

	
	Slope steepness downslope from cutblock or SU to stream channel


*   Minor streams are those perennial steams with channel widths that are less than or equal to 1.5 m, or any ephemeral stream.

** Major streams are perennial streams with channel widths that are greater than 1.5 m.
Note:  A perennial stream is any stream where, in most years, flows after July 15 (during the summer period).
Suggested references that could provide increased coverage of this topic.
MacDonald et al.  1991.  See pages 98 to 108
Carr and Wright 1992.  A soil erosion and sediment control planning system for Managed forest land: a case study at Shomar Creek, QCI.
Brooks et al. 1993  Sediment yield ;; 173-181

Environment Canada  A-8 (1992c) 
Jordan (2001a) pg 175 in Watershed Assessment in the SI of BC W/S

Henderson and Toews 2001   same W/S  pg 189
2.4.5 Mass Wasting Hazard
see Wilford and Schwab 1982    thick blue hydrology book
Mass wasting hazard is not the same as landslide likelihood which primarily refers to larger events. Small scale mass wasting is of concern because it can result in loss of soil, including top layers. Loss of surface soil layers may expose unfavourable substrates.  Mass wasting can lead to off-site impacts including sedimentation of water courses and drainage diversions within and below the cutblock.  For these reasons it is important to determine the mass wasting hazard or gully hazard (section 2.3.6.1) when planning for any excavation (i.e. excavated and bladed trails) on moderately steep (46-60%) to steep (>60%) slopes or for root rot treatments. 
2.4.5.1   What is mass wasting?
Mass wasting refers to all forms of detachment and transportation by gravity (Hewlett, 1982).  Small disturbance-related slope failures like slips, soil creep and mud flows, as well as rock falls, talus, and dry ravel are considered in mass wasting hazard assessment. 

The mass wasting and landslide hazards are correlated. A very high mass wasting hazard may indicate a possible landslide hazard, and such sites should be checked by a qualified slope stability specialist. Presence of small, disturbance-related slope failures can lead to larger landslides through drainage diversion or failure of "stacked" excavations up a hillside, such as in switchbacks or contour skid roads.

The mass wasting hazard assessment should be done during cutblock or road alignment data collection. If indicators of potential slope instability (section 2.3.5) are assessed at the same time as mass wasting, then areas of possible landslide concern can be brought to the attention of a slope stability specialist. Terrain stability mapping may overlook small areas of landslide hazard.  Therefore, it is important that indicators of potential slope instability and mass wasting hazard be assessed in addition to terrain stability.
2.4.5.2   What are the components of the mass wasting hazard key?
Soil texture, soil depth to a consolidated layer, and soil moisture are helpful in assessing slope stability.  These factors influence shear strength.  Soil instability is assumed to increase as soils become finer-textured, as slope increases and as soil moisture increases (Sauder and Wellburn 1989).  Together with information on bedrock geology and landforms these factors provide input to the potential for mass wasting.

2.4.5.3   The mass wasting hazard key
The mass wasting hazard key is used differently for the Coast and Interior.  It has two parts.  One part consists of a table of field indicators (section 2.3.5) of potential slope instability which helps identify areas that require a detailed terrain stability field assessment. This table is applicable to both the Coast and Interior.

In the Interior dry raveling is assessed where non-cohesive or fragmental materials are present, along with a cutslope or fill slope failure assessment. On the Coast the FPC Gully Assessment Procedure Guidebook outlines how to determine if a gully hazard is present.
Table 13.  MASS WASTING HAZARD KEY
Definitions used in the key:

Precipitation factor -  integrates precipitation type, frequency, intensity and duration and the biogeoclimatic subzone/variant.  Extract appropriate class from tables in Appendix A.
Continuous slopes - >150 m slope length between slope segments at least 20 m wide and <30% slope gradient, or between ridge crests and valley bottoms.
Discontinuous slopes - <150 m slope length between slope segments at least 20 m wide and <30% slope gradient (i.e., variable, complex or benchy slopes), or between ridge crests and valley bottoms.
Gullied - two or more >2 m deep sharp-edged gullies occur per 100 m along the contour.
Water-restricting layer - restricting to downward flow of water, but not necessarily to root growth.  Includes impermeable, dense, compact or cemented layers; bedrock; or permanent water table.
Texture groupings -  Use predominant textural group overlying the restricting layer or the most limiting soil texture in the profile.  Clayey = SC, SiC, SCL, SiCL, CL, C.
Dry ravelling (use on dry Interior sites only) – is a concern if the site is underlain by non-cohesive materials (i.e., sands (S,LS), gravels, volcanic pumice or fragmental material with > 70 % coarse fragment content (e.g., rubbly talus).
	Non-cohesive or fragmental materials

(sand or > 70 % coarse fragments)
	SLOPE %


	Sands or coarse fragments that are rounded, subrounded, flat/platy, or fine gravelly angular
	< 30
	30 - 45
	46 - 60
	> 60

	Angular, interlocking coarse fragments, or compacted/cemented/consolidated materials
	< 40
	40 - 55
	56 - 70
	> 70

	RATING
	LOW
	MODERATE
	HIGH
	VERY HIGH



Cutslope or fill slope failure (use on Interior sites only): 

 add the points for each of the following site factors to determine the hazard for excavation-related cutslope and fill slope failures in more cohesive soil materials.

	Precipitation factor

(points)
	low

0
	moderate

3
	high

6
	very high

9

	Soil moisture regime¹

(points)
	very xeric – 

submesic

0
	mesic

10
	subhygric - hygric

18
	subhydric

22

	Slope %

(points)


	< 30

0
	30 - 40

3
	41 - 50

6
	51 - 60

12
	61 - 70

24
	> 70

36

	Slope
	slopes < 30 %
	slopes > 30 % 

	gullying/

continuity²

(points)
	not gullied

0
	gullied

4
	discontinuous

2
	continuous

5
	gullied

10

	Soil Texture³

(points)


	Sandy

0
	SL, fSL

5
	Si, SiL, L

10
	Clayey

15

	Depth to water restricting layer4
(points)
	> 90

0
	61 - 90

2
	30 - 60

3
	< 30 

4



	Point Total


	 22
	22 - 38
	39 - 53
	> 53

	RATING


	Low
	Moderate
	High
	Very high


¹  It is acceptable to assign moisture regime ratings part way between values, as long as your actions are defendable and the wetter  

   conditions in the standards unit are the ones being rated.
²  The continuity of the underlying bedrock is also important on some sites.

3  Use the predominant soil texture grouping overlying the restricting layer or the most limiting texture in the profile (which ever is 
    rated highest).

4  Deep materials can also pose a hazard, but this is somewhat compensated for by texture (deep deposits that are of concern on 
    slopes are often finer textured). 

2.4.5.4   Where can mass wasting occur?

In granular, non-cohesive sands, gravels and rubbly colluvium, mass movement involves the continual dry raveling of material whenever the surface dries.  This can continue for many years until a stable angle of repose (about 28-30°) is attained.  
Accumulations of groundwater or seepage water that produce zones of saturation and pore water pressure are involved in most mass movements, with the notable exception of the dry raveling of over-steepened, non-cohesive materials.  Concern for mass wasting is greatest on the Coast and in the wetter Interior biogeoclimatic zones, particularly in the ICH, CWH, wetter SBS and ESSF, and in the BWBS when the soil water/soil frost regime is upset.       (needs further explanation)
Failures can be experienced in materials that are slightly plastic to very plastic.  These slope failures are strongly influenced by soil water conditions.  Failures can occur when shallow 
(< 1 m), somewhat plastic soils become saturated above an underlying impermeable layer (usually compact glacial till or bedrock).  This layer can develop significant pore pressure and reduce the frictional resistance to sliding, to the point where movement is initiated.  In deep, plastic materials (e.g., clayey till or glacio-lacustrine materials), deeper, often progressive rotational failures are likely, particularly when a critical height of cut is exceeded.

2.4.5.5   What are the effects and implications of mass wasting?
The effects caused by mass wasting on the landscape would almost always be considered to be materially adverse to other forest resources.    Do we need this, is it self evident, do we expand this section?
2.5 Hazard assessments provide initial risk rating for soils
Developing soil conserving, harvesting options for a proposed cutblock will be facilitated by careful consideration of the soil and terrain attributes.  Hazard ratings for these observed attributes will help to identify risks to other forest resources.  

The initial risk ratings can be useful in identifying modifications to the planned cutblock with respect to a number of items such as:

· cutblock boundary location
· access type and/or location

· sensitive soil areas

· standard unit boundaries within the block

· harvesting equipment or method
· yarding/ skidding equipment or method.
All these considerations will be factored into a final prescription along with a detailed map for the cutblock.  For the purposes of the logging operators maps outlining sensitive soil areas will be an asset.
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� Soil porosity can be further refined as textural (within aggregates) or structural (between aggregates) (Satterland and Adams 1992).


� However, large pores may also be created by mammals, insects, worms and decaying roots (Satterland and Adams 1992).


� The terms light and heavy do not refer to the weight of the soil, but to the ease with which they can be tilled (Gardiner and Miller 2004).  E.g. the dry weight of a cubic foot of sand is actually greater in most cases than that of clay (Brady 1974).


� Gravitational water occupying macropores is of little use to plants because it generally reduces soil aeration (Brady 1974). 


� Capillary water provides most of the water taken up by plants (Brady 1974).


� Soils are seldom saturated in the aerated zone above the water table, most soils contain some trapped air (Satterland and Adams 1992).


� At field capacity water has drained from the macropores (replaced by air) and the micro or capillary pores are still filled with water (Brady 1974).


� Most soils reach field capacity from 12 to 24 hours depending on incoming precipitation (Satterland and Adams 1992).


� Using soil plasticity classes will not alter the soil compaction hazard for a site, but highlights those soil conditions that are more likely to lead to compaction and rutting (Curran et al. 2000).


� Refer to page 51 (carbonates) of LMH 47 (Curran et al. 2000) for general instructions on how to conduct an effervescence field test.


� 30% by area of southeastern BC, compared to 10% by area of province of BC.


� To gain an appreciation of the importance and complexity of these organisms in the soil ecosystem refer to a summary on Soil Biodiversity provided by Chapman and Kranabetter (1995).


� The consequences of not recognizing the hazards associated with lacustrine soils on gentle slopes are presented in a Forest Practices Board (2000b) special investigation (960023) concluded November 2000.  As a result of the investigation the Board recommended that assessments of both soil erosion hazard and risk of sediment delivery to streams, be more widely applied than just within community watersheds.  


� For a description of landslide types (listed in Table 7) refer to pages 3-5 in A Guide for Management of Landslide-Prone Terrain in the Pacific Northwest, LMH 18 (Chatwin et al. 1994).


� Study areas included two Coastal (Kyuquot and Gordon River) and one Interior (Revelstoke), considered to be the most landslide prone in the province.


� A system for management of unstable terrain was established by government under the Forest Practices Code 1995-2002.  Under specific conditions, requirements for conducting TSFA’s, leaving riparian reserves, choosing road locations and cutblock sizes; and implementing road building criteria were mandatory.  


� A Forest Practices Board (FPB 2001) complaint investigation (990189) concluded August 2001 illustrates the importance of considering surrounding unstable terrain.  The 2005 FPB (2005a) special investigation into landslides in BC noted that assessments of surrounding areas often overlook impacts to natural drainage pathways and stand windfirmness.


� Guidelines for Terrain Stability Assessments in the Forest Sector published in 2003 (APEGBC 2003).


�This is a short summary of information provided in Chatwin et al. (1994).  Consult for more details.


� Wilford et al. (1996) provide an excellent discussion on gullies, much contained in this section.


� Forest Practices Code Gully Assessment Procedures Guidebook (GAP), Version 4.1, February 2001.


� Harvesting slash can alter gully system processes therefore, it is important to conduct a post harvest assessment; this may call for gully rehabilitation or road deactivation measures.


� Average precipitation ranges from 100 to >500 cm per year; most of the annual rainfall occurs during winter storms between October and April (Chatwin et al. 1994).


� Surface erosion in gullies can be a significant issue in fine textured soils, particularly when in proximity to fish bearing waters.  Surface erosion does not directly cause debris flows or debris floods (Wilford et al. 1996).


� Snow avalanches can pose safety hazards and road maintenance problems in some gully systems.


� Either using the gully assessment procedures, conducting a TSFA, or assessing for the other five soil hazards.


� These hydrologic effects are recognized by hydrologists for concentrated disturbance like main skid trails; however, the effects of dispersed trafficis influenced by many factors (personal comm., D.Toews, Research Hydrologist, BCMOF, Nelson).
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