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5      A PLANNING PROCESS, FIELD TESTS AND PRACTICAL CONSIDERATIONS TO REFINE HARVESTING OPTIONS OR OPERATIONS
Use of the five soil hazard assessment keys, as discussed in chapter 2, provides an initial risk assessment of the site’s sensitivity to soil disturbance.  However, as indicated, other site and climatic factors must also be recognized, understood, and incorporated into the risk evaluation to help select the most appropriate harvesting options.   Options frequently become more limited as site sensitivity increases. 

Although determining soil disturbance hazards provides a good baseline for prescribing harvesting methods, there are several other factors which must be considered before finalizing the details for harvesting a site.  These other factors can influence the eventual impact of equipment operation on soil.  They include soil moisture, terrain, sensitive soils, site hydrology and climate.   
Even with favourable soil hazard ratings, unfavourable soil conditions can result with a change in climatic conditions. Discussion of climatic conditions` invokes the usage of terms such as “wet”, “dry”, “frozen” and “snowpack”.  These terms are often used when planning to limit soil disturbance from harvesting or other forest activities. Recognizing these conditions to determine the practical limits for operations is important (see sections 4.3.1.4.1, 4.3.1.5.1, and 4.3.1.5.2).  
Sensitive sites can either be narrowly defined, as per the legislation or they can be operationally recognized when unfavourable soil and/or climatic conditions present themselves. 
Suggestions of timber harvesting practices to aid in the development of timber harvesting prescriptions sensitive to site degradation concerns are presented in Figure 17.  Versions of this general table, modified to suit regional, district or management unit differences, could be developed on this pattern, addressing the profile of timber, terrain and soil sensitivity, as well as the profile of available contractors and available equipment.  Such an evaluation may indicate components of an operating area for which appropriate equipment or expertise is not locally available. 

It is suggested that if soil hazard ratings fall into the following categories, than it can be considered a sensitive site.
	Soil Hazard Category
	HazardRating 

for Coast
	Hazard Rating

 For Interior

	Compaction & puddling
	H, VH
	VH

	Displacement
	H, VH
	VH

	Surface soil erosion
	H, VH
	VH

	
	
	

	
	
	


Figure 26.  Key to logging practices suitable for various types and degrees of soil sensitivity.
	Slope

	Soil Hazard type and rating
	Harvest strategies to reduce soil disturbance

	
	Displ.1
	Mass Wasting
	Surf. Eros.
	Comp.
	Equipment   
	Logging method
	Bladed structure2

	all
	all
	VH3
	all
	all
	Cable
	Exclude from cutblock or cable yard

Road/landing locations are likely critical
	none

	>60%
	VH &H 
	all but VH
	all
	all 
	Cable4
	Hand fall & cable yard-grapple, high-lead or skyline
Road/landing locations are likely constraining
	none

	40-60%
	VH

H & M

H & M

H
M
	all but VH
H

M & L

M & L

M & L
	all

all

VH & H

M & L

M & L
	all

all

all

all

all


	Cable5

or 

Small Cat6

FMC /  KMC9
	Hand fall or mechanical fall and bunch, and cable yard – grapple, high-lead or skyline 

or

Use snow skidroads7, keep cuts <75 cm and control spacing (usually >30 m)

	backspar trails

or

snow skidroads8

	30-45%
	H

M

M

M & L

M & L
	all but VH
H

M & L

M & L
	all

all

VH

all but VH

all but VH
	all

all

all

H & VH

M & L
	FMC / KMC 

or

Grapple Skidder

LGP11

or 

Unrestricted12
Unrestricted
	Dispersed downhill skidding10 and prompt erosion – control-seeding of exposed mineral soil

Dispersed skidding 

Dispersed skidding over frozen ground, snowpack, or thick forest floor 13                or
Use designated skidtrail/skidroad network

Dispersed skidding   

or
Use designated skidtrail/skidroad network
	return skidroads8 and fireguards

skidroads with cuts <75 cm & spacing > 30 m and fireguards

	<30%
	H

H

M & L
M & L
	M & L
M & L

M & L

M & L
	all
all

all

all
	M & L

H & VH

H & VH

M & L
	Unrestricted

LGP

LGP

 or
Unrestricted

Unrestricted
	Dispersed skidding over snowpack, frozen ground or thick forest floor to landing or roadside

Use designated skidtails/skidroad network

Dispersed skidding over snowpack, frozen ground or thick forest floor to landing or roadside

Dispersed skidding to landing or roadside (avoid periods of wet ground conditions)
	Fireguards8 only

skidroads and fireguards

Fireguards only


1  Soil hazards: Displ. = displacement; Mass Wasting; Surf. Eros. = surface erosion; Comp. = compaction

2  Except haul roads.

3  Ratings: L = Low; M = moderate; H= high: VH = very high.  Ratings in bold print are the most constraining and drive the selection of logging equipment, logging methods and/or scheduling of operations.
4  Small areas of H – VH sensitivity in cutblocks that are predominantly of L-M sensitivity may be directionally felled and top-skidded with FMC/KMC (see footnote 9) or line skidder, without using bladed skidroads.
5  Where piece size is small, consider mechanical falling and bunching and grapple yarding of bunches, providing safety requirements are met.
6  Small cats are tractors less than 3.2 m overall width, including blade.  This refers to machines used to  
construct skidroads as well as to skid logs.
7  Snow skidroads are constructed predominantly out of snow with maximum 0.75 m cut.  Snow should be compact and at least one metre deep.
8  To minimize displacement impacts consider construction of backspar trails, snow skidroads, return skidroads and fireguards with a small excavator (backhoe).
9  FMC/KMC – flex-track, torsion suspension skidders.  The KMC is a modification of the original FMC.
10  Dispersed downhill skidding eliminates the need for bladed skidraods except for return skidroads, however, application of this technique must be tempered by consideration of operator safety and experience, and surface erosion risk (climate).  This tends to restrict this strategy to even ground conditions, shorter slope lengths (<50 m) and soils having reasonable bearing strength.
11   LPG: low ground pressure machines; i.e., nominal ground pressure < 43.4 KPa (6.3 p.s.i.). 
12  Equipment unrestricted; typically feller-buncher and grapple skidder, however, equipment that causes less disturbance may be a viable option.
13  Thick forest floor:  a forest floor of ?>20 cm of fibrous, LF-dominated organic material having significant bearing strength, which is capable of protecting underlying mineral soils from compaction for a number of equipment passes.

Note:  Where surface erosion is H or VH, particular attention should be paid to sediment and ersion control measures, including such measures as:

· thorough waterbarring of inactive haul roads, skidroads and heavily used skidtrails.

· Prompt seeding of grass-legume mixes.
Once all the site and climatic factors relating to soil disturbance, including the legal limits determined by the soil hazard ratings, have been considered, the planner can begin analyzing each of the possible harvesting options to select the best option.  

In most cases planners will rely on past experience and local knowledge to achieve prescribed management objectives when matching a system (and in some cases a contractor) to a particular site.  Assuming due diligence is applied; this standard approach should ensure satisfactory results. However, there will be situations where it will be necessary to re-evaluate harvesting options or conduct a more in-depth assessment.  
Some of these situations include: where the sensitive nature of the site may restrict normal operating practices; when operators move into new operating areas with different conditions than normally encountered (e.g. steeper terrain, more sensitive soil types); where there is a desire to extend the operating season; when new equipment or systems are being introduced into an area (e.g. less costly harvesting systems); when there is a need to deal with abnormal in-season weather conditions; or where operations require modification to address other resource objectives (e.g. partial cutting). 

A given harvesting strategy should meet the following four requirements:

1. it must be site specific and responsive to the soil sensitivities on site (and downslope),

2. it needs to offer a reasonable amount of independence from climatic interruptions,

3. it must incorporate rehabilitation, if necessary, to lower disturbance below guidelines,

4. and, it must instill enough confidence at all levels of approval and operations.

5.1    A Process to help select harvesting options

Synthesizing site, climatic and harvesting factors affecting soil disturbance for a given site to develop the appropriate harvesting strategy, may be facilitated by the following process.

A.  List of considerations / questions:

1. Identify critical site conditions
· by soil hazard assessment

· presence of specific site characteristics

2. Determine if critical site conditions warrant “special” attention as opposed to

    normal site conditions that planners and contractors are very familiar with, requiring 

    normal operating procedures.  If special attention then go to (3).

3. Come up with harvesting system and equipment options (see B below)

· Must be compatible with site and stand characteristics, access constraints (e.g. accessible by aerial, longline cable only), silvicultural systems (e.g. partial cut or clearcut, stumping), and any safety issues

· Consider availability, costs, harvesting productivity, etc

· Is use dependant on any other factors (e.g., timing) 

4.  For systems and equipment determine any special attachments (e.g. long choker

     winchline), methods or techniques (i.e. skidding patterns) that maybe necessary. 

5.  Determine if options in (3) & (4) are dependant on timing of operations (for: seasonal 

     weather conditions; heavy recreational usage; wildlife needs such as for calving, 

     kidding, spring forage; instream work windows; etc), if so, in what way – also specify 

     conditions that need to be present (e.g. compressible snow pack at least 50 cm deep,

     snow free to produce mineral soil exposure for conifer seeds).

6.  Select best option. Note possible alternatives (including methods, techniques, timing)

     to address other foreseeable events (early breakup, storm events, low snow packs, etc).

7.  Determine whether any special supervision or training is needed.

B.  List of system / equipment parameters and their associated affects that should be considered when selecting options: 

For cable systems:

A. Yarding distance – longer distances will decrease haul road spacing

B. Landing requirements – size and spacing will impact occupancy: use of roadside work areas can eliminate need for landings

C. Backspar trails –  construction of trails may be required

D. Yarding pattern -  determine whether pattern will result in disturbance patterns       that can concentrate water flow

E. Partial vs. full suspension – less potential ground disturbance will result if logs are fully suspended

For ground-based:

A. Skidding / forwarding distance – longer distances will reduce road spacing, but may increase number of machine passes

B. Landing requirements – size and spacing will impact occupancy; use of roadside work areas can eliminate need for landings

C. Skid trails – determine if construction will be required

D. Skidding pattern – skidding in a random pattern, on trails, or using a combination    will impact soil disturbance in different ways

E. Felling –  mechanized felling will add to on-block traffic, changes in skidding           pattern or trail spacing all which have the potential to impact soil disturbance

F. Processing – mechanized processing, whether at the stump or at the landing or roadside may affect soil disturbance    

Equipment:

A. Tractive systems (tracks, wheels, LGP) – consider terrain and slope suitability, at what slope will trails be required?

B. Grapple or choker equipped – this can affect skidding (and hookup) pattern

C. Type or size of trailbuilder – this will influence trail dimensions and associated impacts, as well as the suitability of trails for rehabilitation

D. Modifications – long winch line, wide tires, tracks over tires can all potentially decrease impacts

E. Loader – FEL (?????) or hydraulic, will affect size of landing

F. Equipment for rehabilitation – use of a (small) hoe will generally result in less overall disturbance than using a crawler tractor   

C.  Supervision
Harrison (1991) stated that “logging supervision is the single most important key to achieving low impact harvesting…”.  With respect to soil conservation it is essential that the supervisor have access to quality harvest plans that identify any critical site conditions (areas of high risk and hazard) and contain strategies for dealing with them.  This information must be communicated to the logging crew prior to and during operations.   

It is especially important that supervision focuses on operations that take place on areas and during periods when the risk of excessive soil disturbance is high.   These may include the following:

· Ground based and cable logging on sites with VH soil hazards 

· Ground based harvesting on steep slopes (incl. moderate ground with steep pitches)

· Ground based harvesting on wet areas – both localized and extensive (e.g. hygric, hydric sites incl. riparian areas, wetlands, local depressions)

· Creek crossings or draws

· Areas of adverse skidding

· Roadside work areas

· Areas adjacent to skidder landings

· Areas of poor deflection

· Broken topography, especially if it constrains ground skidding 

· Gully side walls

Periods during which most problems occur are as follows:

· fall before freezeup (Interior)

· late winter, approaching breakup (Interior)

· spring/early summer in the interior (often referred to as “startup” areas) 

· fall/winter (i.e. wet weather periods) on the coast 

· during “unseasonable” conditions such as mild winter temperatures, low snow pack conditions, or during heavy rainfall events

· at the beginning or near end of operations – esp. if unfamiliar with site, or trying to get the wood out before conditions become “too” adverse

There is also a need to consider the consequences of any soil disturbance; for example, if the cutblock is in a community watershed or if the localized activities may increase the risk of sediment delivery to streams, then increased supervision may be warranted.

5.2  Harvesting systems, equipment or cutblock layout considerations for the five soil disturbance hazards 

A rating of ‘High’ for any hazard will likely require special consideration by planning and operational staff and, may also require specific prescriptions and treatments, to prevent problems (manage and mitigate the hazard). Even moderate hazard ratings, when combined with extenuating circumstances (i.e. extended periods of inclement weather) may require modifications to the chosen method of harvest.  It these situations local knowledge becomes extremely important in determining the appropriate timeframe for operations. 

5.2.1  Where compaction is of concern

The implications for site water storage, runoff and tree growth caused by compaction are of concern particularly for areas rated with a High or Very High compaction hazard. But compaction even under moderate or low hazard ratings can be confounded during operations by other site factors. The predicted magnitude and impact of compacting forces by a chosen harvesting method can be increased or decreased by fluctuating site conditions.  It is possible for example, for a low hazard site to be severely affected by operating equipment under unfavourable conditions (Carr et al. 1991). These combinations can result in detrimental compaction occurring before soil disturbance limits are reached.
In many cases addressing a soil compaction concern involves modifying timber harvesting practices rather than modifying road and cutblock layout.  Compaction is essentially an off-road concern except where a very high hazard derives from clay rich materials that provide poor subgrade, and then an alternative road location should be considered.

By manipulating or altering the manageable factors such as machine type, traffic patterns, traffic repetition, and seasonal soil conditions (wetness, snow, frost) compaction prone sites can be harvested with minimal detrimental soil disturbance. Recall that managing soil wetness is crucial to minimizing soil compaction (McNabb 1999).

Below are a number of considerations for harvesting planners and operators to keep in mind when soil compaction is of concern within a cutblock.

Stratification of compaction sensitive areas

During the planning phase it is helpful to recognize whether the entire cutblock or just portions within it are sensitive to compaction.  If entirely susceptible, then consideration to suitability for cable logging should be given.  Such areas, if not suited to cable logging, may need to consider various strategies such as:
· dispersed skidding, season specific (dry, frozen)
· designated trails with rehabilitation
· wide spaced skid trails with rehabilitation 
If compaction sensitive areas can be stratified within the block there are a number of modifications to operational timing and/or harvesting practices that can be considered.  Depending on the size of “wet” areas and their distribution throughout a cutblock it may be possible to delineate the cutblock into wet and dry units, and plan for different operations or timing of harvesting within each.  Timing of operations in the wetter units may have to be scheduled to coincide with specific conditions when soil moisture would be less of a concern; for example, dry summer conditions, winter freeze up or snow pack conditions. 
In some situations these sensitive sites may be designated as machine free zones, or they may be suitable candidates for wildlife tree patches and thus be reserved from harvesting all together.  
Equipment modifications and adaptive techniques
Other ways of mitigating compaction impacts include the use of special harvesting equipment and techniques.  To limit impacts from ground-based equipment consider: 
· Reducing ground pressure – wide tires/tire chains

· Dispersing forces by using flex tracks

· Using machines with better load distribution

It should be noted that using low ground pressure equipment may still have unacceptable impacts if ground conditions are not suitable and/or they are used in a way that does not take advantage of the LGP attribute.  In Alberta, McNabb (1999) found that the soil (medium textured) was compacted when the soil water potential was at or wetter than field capacity.  This compaction occurred even with the use of low impact harvesting equipment (e.g. wide-tire skidder, wide-track crawler, or forwarder).  It was also found that most compaction from wide-tired skidders occurred within the first three cycles – therefore utilizing dispersed traffic patterns to reduce soil compaction would not work if three (3) or more passes were planned. 
Rollerson (1988, 1990) looked at the effects of varying the number of passes with loaded skidders equipped with wide (44”) tires on sites on Vancouver Island. He, like McNabb, also found that a relatively low number of skidder trips (10-20) will cause a significant portion of the compaction on a skid trail. 
To avoid machine impacts on local areas with sensitive ground (e.g. wet depressions, steep pitches) there are a number of other techniques that can be employed.

· Chokers

· Hoe forwarding   ????

· Slash mats 

· Winch across wetter areas

· Snow built trails

Hoe forwarding (chucking) is typically used in the Interior to bring wood to speed trails for grapple skidders.  Hoe chucking could also be used to feed logs to cable operations in areas of poor deflection (provided the soils are favourable to equipment operation).  Hoe chucking can often reduce the length or amount of excavated bladed trails.

Creating slash “mats” to cushion/reduce impacts is commonly used by feller-bunchers, hoe-forwarders and feller-processors. Forwarders will often travel on the slash mats left by feller-processors on roadside operations.  Unlike simple slash mats, puncheon or corduroy (i.e. logs are placed perpendicular to the trails) are generally used on multiple pass skid trails to keep the machines from bogging down – any use of these should be done in conjunction with planned rehabilitation treatments.  Douglas (unpublished report?) found that the use of puncheon on hoe-chucking trails near Holberg reduced site impacts (as was reflected in 5-year growth of seedlings) on trails used for 2 to 4 machine passes. 
A feller-buncher can be used to eliminate the need for skidder/forwarder traffic in sensitive areas. For instance, a feller-buncher can travel into an area, cut a tree and carry it out the same route it went in on; by repeating this several times log bunches can be assembled on drier or less sensitive ground.    
Before crossing short sections of soft or wet ground skidders can disengage a winch, and temporarily drop a load of choked logs. Once the skidder is on dryer or firmer ground it can winch the logs in and continue to the landing.  This avoids travelling loaded over the sensitive ground, thus reducing the likelihood of rutting and compaction.  This method can also be used on short adverse pitches; winching up over these areas can avoid tire or track slip.
Snow built trails, can reduce the level of soil disturbance associated with constructed  skid trails. Snow is mixed with mineral soil in the fill offsetting the need to excavate as much soil. An advantage of using small hoes is that they are able to place and compact snow into the fill when constructing winter trails, thus further reducing the amount of excavated  mineral soil. The quality or compressibility and depth of snow will also influence trail construction (see section 4.3.1.5.2). Kockx and Krag (1993) found that the zone of compacted/excavated soil for winter built trails, when measured in the summer, was considerably less than that of summer built trails on similar slopes. Most of the running surface of winter built skid roads became a loose, uncompacted mixture of organic debris and mineral soil once the snow melted, and was not expected to have any negative impacts on site productivity. 

Another strategy that is used intermittently in BC is to blade snow off the main trails and let the soil freeze before operating.  This is a good practice because these frozen trails often do not require rehabilitation, just water barring.  Frozen, crusty snow is often created by a single machine pass over a new area at the end of the day; the next morning the snow has usually setup hard and will protect the soil better

Timing between felling and skidding

McNabb (1999) found that an important part of managing soil wetness was to minimize the period between felling and skidding in boreal forests. This increases the opportunity for trees to (intercept and) transpire soil water and decrease soil water potential, and minimizes the risk that precipitation will recharge soil water prior to skidding.  Once the trees are cut, most soils will only drain to a soil water potential around that of field capacity, which still leaves the soils susceptible to significant compaction. 
5.2.1.1  Refining the compaction hazard rating for operational considerations
The soil compaction hazard key is a planning tool for an operation, while careful monitoring of equipment effects on the soil, and hand tests for soil moisture content are the operational tools.

Soils with high moisture contents generally have lower load bearing capacity.  They also remain wetter for longer periods which can influence the length of operating season. Sites will most often have higher soil moisture conditions (and therefore be most susceptible to soil disturbance) during late fall and late spring to early summer in the interior, and during fall and winter on the coast. If planning has not anticipated these factors, serious soil degradation can occur.  

The compaction hazard key relies heavily on soil texture.  Soil texture is often used to imply soil strength, but the differences in soil strength are much more complex than implied by soil texture.  The role of soil wetness as a factor affecting the compatibility of soil is generally underestimated (McNabb 1999). As already discussed, section 4.1.4, soil plasticity , rather than soil texture is thought to be a better predictor of how the soil actually behaves under compressive forces. A soil’s plasticity can be described as non-plastic, slightly plastic, plastic or very plastic.

Once the plasticity class has been determined then a decision about whether the soil it too wet to undergo compression can be made.  The following tests can be performed daily or as often as needed during the course of harvesting operations.

5.2.1.1.1  How wet is too wet? 

When soils are wet, essentially all pore spaces are filled with water. This condition is described as saturation.  Field capacity is reached when water drains under the force of gravity to a point where free drainage ends (i.e. a point of equilibrium).  It is this soil moisture condition which is of greatest concern with respect to soil degradation.  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 textured horizon over a finer 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).

Table 4.  Suggest Table 5 from LMH 47 might go here.  

Figure 10.   Suggest Figure 21 from LMH 47 might go here.
Identifying drainage class is helpful in determining choices of harvesting equipment, but it is still necessary for operations to be monitored on a daily basis with respect to moisture levels which can cause soil degradation.

Hand tests can mimic forces applied to the soil from machine traffic (the combined forces of compression, shearing, and some vibration) and appear to be the simplest criterion to apply.  To test if current soil moisture conditions could lead to compaction, use the full top 30 cm depth of the mineral soil. Soil wetness and texture can vary greatly within this depth.  Wetter soil, deeper in the soil horizon can distort under equipment pressure and vibration, particularly if the there are different textural layers (some layers behave in a plastic manner).  For example, in the Rocky Mountain Trench near Cranbrook rutting occurred from a single pass of a skidder on powdery dry, sandy soils, because the underlying clay was too wet.

Hand test procedure: About five pits in separate site locations should be tested to decide if and where site conditions are most favourable for mechanical operations on a particular day. Dig the pit and sample the wettest soil in the top 30 cm of the mineral soil, squeeze this soil hard in your hand to form a cast that looks like a bicycle handle-grip.

If upon hard squeezing:

a) the soil directly expresses water or glistens from free water on the newly formed surface it is obviously too wet. Do not operate machinery on the soil;

b) For slightly plastic, plastic and very plastic soils if:


<25% of those parts of the hand that contacted the cast are moist, AND the cast 


easily breaks apart when tapped with index finger, THEN consider one to two


 machine passes acceptable;

c) For non-plastic soils if:


< 80% of those parts of the hand that contacted the cast are moist, AND the cast 


easily breaks apart when tapped with index finger, THEN consider one to two 


machine passes acceptable.

 (Hand tests have not been developed for sites dominated by forest floors or organic soils > 20 cm.)

Another practical test, described by McNabb (1999), is to make a clod in your hand and throw it against the machine - if it sticks, it is obviously too wet.  If it falls off and doesn’t break apart it is also probably too wet. On clay rich soils, a penetrometer can provide an estimation of soil strength (clays are soft when wet, hard when dry). Local experience and fine tuning will be required. These other tests will be evaluated in future trials.

5.2.1.1.2  Frozen ground.  How much frost is enough frost? 

Soils are often not frozen, even under shallow snow packs. Frozen soil primarily occurs in drier, low snowfall areas; however, the soil may be too dry to create hard frost, local experience is needed in considering frozen ground during prescription development.

For the rare situations where soils are frozen, hammer deformation or penetrometer tests appear to be the simplest criterion to apply. These tests, similar to the how wet is too wet hand test, mimic the forces applied to the soil from machine traffic. Penetrometer pressure will vary from person to person, but not significantly for the purposes required here. Using a “timber mark” type hammer and a soil penetrometer (simply a “T” of 9.5 mm metal rod with a 30 degree cone), it has been determined that once the frost is 7.5 cm in the mineral soil, it is next to impossible to get penetration with the penetrometer (i.e. < 1 cm).     

(Can we put in a diagram of a penetrometer here?)

Using this penetrometer criterion (i.e. no penetration) in harvesting trials where the soil was dry enough, no deformation of the soil under 7.5 cm of frost occurred. If only the forest floor or < 7.5 cm in the mineral soil is frozen, penetration is possible, but resistance can be felt. Resistance typical of unfrozen soils indicates total lack of frost, and inadequate support for equipment. Determinations should be based on at least 10 different penetrometer probings.  Note that drip lines around larger trees and depressional areas often have different soil water content, and hence different frost depths during the winter.

Below are the penetrometer interpretations, all are based on the assumption that the underlying, unfrozen soil is not wetter than the “how wet is too wet?” criteria. It is advisable to check, because if it’s too wet the frost can simply act like a layer of “cardboard” and transfer compaction to a deeper, less detectable depth, through deformation.

How much frost is enough penetrometer test:
No penetration (< 1 cm):  
3 machine passes acceptable

Frost resistance:

2 machine passes acceptable

No resistance:

use “how wet is too wet” test

5.2.1.1.3  Snowpack.  How much snow is enough snow? 

Snow condition is more transient than frost or wetness. A powdery dry snowpack can become wet and compressible in a few hours, under certain climatic conditions. There are two practical tests developed to check for adequate snow conditions to support ground-based harvesting operations: a boot, or a jump compression test. The boot or jump compression test also mimics the compression, shear, and vibration forces of machinery traffic; the criterion is the depth of snow left under a boot print. All depths should be the average of at least five readings. Depth criteria are based on the assumption that the underlying soil meets the how wet is too wet criteria, (check it, it won’t be frozen).
Below are the interpretations for the boot or jump compression tests.
Footprint and snow depth tests:
Wet or near wet, compressible snow (makes snowball):
Boot compression test > 30 cm, OR snow pack > 60 cm    



conduct normal operations

Boot compression test 15 - 30 cm, OR snow pack 30-60 cm
  



3 machine passes acceptable

Boot compression test 8-15 cm, OR snow pack 15-30 cm



1 or 2 machine passes acceptable, use frost test to confirm

Boot compression < 8cm



Use how wet or frost tests

Dry, fresh or granular snow (can’t make snowball):

Boot compression test > 30 cm, OR snow pack > 60 cm



3 machine passes acceptable

Boot compression test 15 - 30 cm, OR snow pack 30-60 cm
 



2 machine passes acceptable

Boot compression test 8-15 cm, OR snow pack 15-30 cm




1 machine pass acceptable, use frost test to confirm14
Boot compression < 8cm



Use how wet or frost tests

Frozen, crusty snow (you can walk on top of it):
Jump compression test > 20 cm, OR snow pack > 40 cm



Conduct normal operations

Jump compression test 10 - 20 cm, OR snow pack 20-40 cm  



5 machine passes acceptable

Jump compression test 8-15 cm, OR snow pack 10-20 cm



2 machine passes acceptable, use frost test to confirm 14
Jump compression < 8cm



Use how wet or frost tests
In the rarer cases where frost is present below a shallow snowpack, presence of frost in above tests may be considered additive in terms of number of passes.

(It is unclear what you mean in the above sentence)

Conducting other tests to reduce the risk of compaction
Soils are most susceptible to machine compaction when moist.  Thus scheduling operations when soils are dry or frozen to depths exceeding 15 cm can provide considerable protection from compaction.  However, it is important to note that soils frozen to depths of less than 15 cm, transmit compactive forces to the underlying unfrozen soil.

5.2.2  Where soil displacement is of concern

Manageable factors:  amount and extent of excavation; machine size/type; seasonal soil condition (wetness, snow, frost).

Forest floor and soil displacement (i.e. scalping and gouging) is mostly limited to areas of poor deflection, and within yarding roads or corridors. Yarding roads for swing yarders are generally parallel to each other, which avoids concentrating water to a single location, as can occur with towers that are yarding in a radial pattern downhill to a landing.  Skyline systems are capable of fully suspending logs reducing much of the ground impacts that grapple and highlead systems can cause. Having adequate deflection is a function of ground profile, tower height on the yarder, and even log length. Araki (1996) compared conventional grapple yarding with yarding long logs, and found that the long log area experienced more soil disturbance because of the poorer deflection, the longer yarding distance (more turns per yarding road), and larger logs. Deflection is usually better with larger machines. Small yarders may also achieve full suspension, but usually over shorter distances.

Soil disturbance can occur with the construction or use of backspar trails that are used in grapple yarding when a mobile backspar is used.  These impacts can be mitigated by careful planned movement of the machine to avoid steep side slopes, using puncheon or a slash mat on wetter ground, by careful layout out of a setting to minimize backspar trail construction, or by planned rehabilitation of trails as logging progresses (??). 
For ground skidding systems, the amount of soil displacement is determined largely by the extent of cuts required to form the needed bladed skidroad network.  On simple slopes up to 30% (40-50% with tracked skidders), the extent of displacement is essentially determined by slope gradient, equipment size (unless snow is utilized in skidroad construction), skidroad pattern, skidroad spacing, and skidroad gradient.  

Controlling the depth of cut is also a very important consideration when constructing trails.  In B.C. soils are generally shallow and deep cuts that displace topsoils can expose unfavourable growing medium (e.g. dense subsoils, calcareous soils, etc) as well as burying  and/or mixing this unfavourable material with the topsoil.  Decreasing the depth of cut and the volume of unfavourable material that is excavated can avoid or at least mitigate adverse affects on the soil productivity.  The mixing of favourable and unfavourable material (as well as the volume ratio of the two) in the fill will also have implications on the success of any trail rehabilitation.  For cut depths another important consideration is the affects that it can have on subsurface water flow and therefore the natural soil hydrology of the site.  Reducing cut depths and especially keeping cuts above the water restricting layer will reduce the risk of interrupting and possibly intercepting subsurface flows (see Displacement Hazard). 

Small excavators are able to reduce the amount of excavation required and the overall width of a trail, when compared to crawler tractor built trails.  They can place more excavated material into the fill, rather than sidecasting it (as with crawlers).  In addition, they can place stumps and cull logs on the downslope side of the trail to act as retaining walls to reduce ravelling of material; this also facilitates rehabilitation of trails, as sidecast material is more easily retrieved. The Nelson Forest Region “ best rehabilitation practices”  (video – Curran) also promotes use of small hoes for trail construction as it allows forest floor and subsequent soil layers (top soil and subsoil) to be excavated and layered in the fill, in reverse order from the undisturbed state, rather than be mixed as with crawler tractors.  This allows the hoe to retrieve these same layers and place them into the excavation in the original order when rehabilitating the trails (see “rehabilitation” section?).  This is especially critical in situations where unfavourable subsoils are expected to be excavated.  
5.2.3  Where forest floor displacement is of concern
Need some text here!
Shallow rapidly drained soils with thin humus layers should be avoided by machine traffic.  The humus layers on these soils are important in aiding moisture retention and supplying nitrogen for plants (Feller 1983, Utzig and Walmsey 1988).  On thin soils use smaller machinery.
5.2.4  Where surface soil erosion is of concern

After mineral soil is exposed, rates of erosion are initially high and then decline after the first year.  Therefore, to be effective, erosion control measures must be applied promptly.
Roads are one of the most significant causes of increased erosion.  Road construction exposes large areas of mineral soil to removal by rainwater and snowmelt.  Fine-grained soils are particularly sensitive to such surface erosion.

Where sediment delivery potential is high, surface erosion hazard is important to assess.  Silty glaciolacustrine soils should be avoided for road building because they provide a poor subgrade that is highly susceptible to frost heaving.

The erosion and transport of sediment from roads is exacerbated by the greatly reduced infiltration capacity of mineral soils on cut banks, running surfaces (caused by compaction) and fill slopes (loss of organic horizons).  Roads and skid trails also intercept and concentrate surface runoff so that it has more energy to erode even stable slopes.

The compact surface and concentrated traffic of landings tend to generate considerable runoff and sediments, landings should be located away from surface water bodies.  A separation of 50 m is suggested.  Consider increasing this distance to 100 m in the following situations:

· where soils having moderate to very high surface eriosion or high to very high mass wasting hazards or subsurface seepage (likely to be intercepted during landing construction) occur, or in terrain having closely spaced creeks or gullies; or 

· where the stream or lake in question is either fish-bearing or licenced for consumption.

Cutblocks on steep slopes are often covered with shallow soils.  Shallow soils can often have Very High surface or mass erosion hazards and Very High displacement hazard. Logging and road construction may cause excessive soil displacement, slope failures or serious surface erosion. It is recommended that the Mass Wasting Hazard and slope instability indicators be used in the field whenever excavation and blading is anticipated.

Under the FPC, other assessments are used for haul road erosion and sediment delivery to streams.  Haul roads and landings are of concern because erosion and drainage diversions can lead to sedimentation and stability problems.  They require careful layout and attention to FPC requirements aimed at assessing erosion hazard on haul roads and minimizing erosion and sedimentation during construction and maintenance.
5.2.5  Where mass wasting is of concern

Alteration to the landscape through road building and timber removal will result in alteration to site and slope hydrology. Risk associated with mass wasting is very much related to road and cutblock layout, unlike the risk for compaction.  Whereas compaction may be possible on any slope gradient, mass wasting is largely slope related.  Planners must pay careful attention to the amount and extent of any proposed excavations on a side slope, particularly to how those excavations will affect water runoff.  The following are some considerations for road related construction and clear cutting on moderately steep (46-60%) to steep (>60%) slopes.

Road related

Road construction can contribute to failure by altering the pre-existing strengths and stresses on the slope through cuts and fills and the sidecasting of waste materials.  For example, cutslope failures may result from the removal of support materials upslope. 

Road fill and sidecast failures are a consequence of loading and oversteepening of slopes, with failures occurring typically during saturating rainfall and snowmelt.  Concentration and diversion of drainage by roads because of inadequate ditching and culverting are often contributing factors to failure of fill or sidecast.  This may well be the most common mechanism in the drier Interior climates where saturated zones are not normally developed on steep slopes.  Such water diversions can also contribute to mantle failures a considerable distance downslope from roads because of the formation of localized zones of saturation and resulting pore water pressure.

Road excavation and sidecasting should be minimized in terrain with marginal slope stability or where dry raveling in granular materials or shallow mantle failures in non-or weakly cohesive materials (i.e., debris slides or debris avalanches) are anticipated. The following strategies are suggested:

· Keep road width to a minimum, while ensuring that road safety concerns are met.  

· Constuct with an hydraulic excavator (backhoe), preferable to a bulldozer.  The backhoe’s versatility provides for better control of both cuts and fills, less waste of material, the formation of clean subgrades free of organic and woody debris (and logs), and good ditching concurrent with subgrade construction.  Subgrades overlying weak, deteriorating woody materials have been implicated in a number of road-related slope failures (Krag et al. 1986).

· Do not bury slash and debris under fill or sidecast either at gully crossings or where sideslopes exceed 50%.  Fill failure becomes a significant risk as these materials deteriorate.

· Utilize special road benching techniques (consultation with forest district engineering staff is advisable), such as backcasting and multi-benching (Chatwin et al. 1991).  Where subgrade integrity and consequent hauling safety are suspect, full-bench the road.  In general, do this on slopes greater than 65-70%.  Since full-benching significantly increases cut height and excavated volume, particularly on steep slopes, it usually must be combined with endhauling.

· Endhaul waste material rather than sidecasting it, unless the slope moderates considerably a short distance downslope.

Note:  If clay rich till, glaciolacustrine or weak bedrock materials are present or anticipated, also consider:

· Load the toe of slumps, do not excavate.  Conversely, unload the head of slumps or potential slumps by excavation and endhaul the excavated material to a safe disposal site.  If minor excavation of toe area is unavoidable, support the toe with an equivalent load of rip-rap.

· Install special drainage (e.g., interception or diversion ditches; perforated pipe) to control slumps by controlling groundwater.  Consultation with engineering staff, regional specialists, or geotechnical consultants is advisable.

 Clearcut related
Mass movements involving mantle failure can occur on both open slopes and gullied slopes, apparently independent of roads but after clearcutting.  Reduced soil strength as roots decay and weaken has been demonstrated, particularly west of the Coast-Cascade mountain crest (O’Loughlin, 1972).  Although much less significant than in wetter coastal climates, similar processes have been documented in drier Interior environments (Burroughs and Thomas, 1977).  Burroughs and Thomas (1977) concluded that roots of < 1 cm diameter have the greatest effect on slope stability, adding to soil strength.  Root strength decreases rapidly following cutting, resulting in an acute period of vulnerability on marginally stable slopes until the regenerating forest renews the stabilizing root network.  The timing and length of this period of weakness depends on tree species, speed of regeneration, and time to crown (root) closure.  In Interior forests, where little research has been undertaken, it is likely to be from 2 to 20 or more years. 
5.3  Harvesting systems, equipment or cutblock layout for other site considerations

5.3.1  Where Ash soils exist

5.3.2  Where Sandy soils exist
Sandy soils are common in the BC Southern Interior. Sandy soils vary considerably in their physical, chemical, and biological properties.  They are often considered less sensitive to disturbance; however, they can be susceptible to erosion, displacement and even compaction.  Due to their texture sandy soils can be easily eroded by water action or have high raveling hazard.  Careful attention to drainage control measures normally reduces the risk of soil erosion.  On steeper slopes, the mass wasting hazard provides an interpretation of the potential for dry ravelling.  Operating on sandy slopes under dry conditions is not recommended. Sandy soils have low cohesive strength when dry and rutting can occur.
Compaction and displacement are always of concern whenever mechanical operations are planned, even on sandy soils.  
5.4  Harvesting systems, equipment or cutblock layout for seasonal weather and climatic considerations

5.4.1  Close trail spacing with rehabilitation

This strategy is applicable to a wide number of sites. Some licensees have found it economical to construct closer spaced, lower grade, temporary haul roads and promptly rehabilitate these once the harvesting is completed. Research has demonstrated that soil disturbance can be controlled using this strategy, and rehabilitation of the designated trails is likely to restore slope hydrology and soil productivity. Winter trails require less rehabilitation, particularly on flatter ground where waterbarring may be all that is required.  

On steeper ground, closer spaced trails usually means excavated and bladed trails, more slash, and lack of site preparation-type disturbance between trails - consider the combined designated and dispersed skidding strategy below (section 5.5.2).

Suggested trail spacing for the “close trail spacing with rehabilitation” strategy is provided as follows:

Clearcuts: Spacing BETWEEN TRAILS could be reduced to 25 m, provided proper rehabilitation measures are undertaken to lower disturbance levels below legal limits.

Partial cutting: Spacing BETWEEN TRAILS should be at least 30 m, with some backward travel occurring off the trails, under appropriate seasonal soil conditions, to strike a balance between thinning thickets and creating some site preparation, while protecting a reasonable amount of advanced regeneration. (Some silviculture systems specialists feel that a certain amount of backing off trails to pick up logs is less damaging than extensive pulling of line and yarding to the trails.)

Suggested spacing for designated trails (NOT Very High compaction
):

Silv. system

Min. trail spacing

Max. pre-rehab. disturbance




between    center-center

Partial cutting


30 m

34

13 (15) %

Clearcutting

25 m

29

15%

Use of trail spacing closer than the above table is a serious concern because of increased site disturbance and potential for hydrologic effects, particularly in partial cutting. The concern is that many partial cuts are preparatory cuts, with another entry possible as soon as 8 to 15 years. Follow this with the shelterwood removal, or another type of entry within 20 to 30 years and we essentially have harvesting corridors that we can right off in terms of contribution to long run sustained yield - we don’t want up to 20% of the productive land base in this non-productive category (permanent trails).  Use of random skidding under appropriate winter or dry soils conditions is more preferrable because of reduced permanent access - these need to be balanced with potential for compaction on light disturbance and damage to residual trees.

5.4.2  Combination designated and dispersed skidding

Under many site and climatic conditions, rarely is there an ideal operating window for fully dispersed (random) skidding and there is always some concentration of traffic around landings. The key is to layout trails that can be used when wetter conditions prevail. At the ends of the trails and off to the “corners” of the block, dispersed traffic is planned. 

This strategy is applicable to a wide number of sites. The length of actual excavated and bladed trails can often be minimized, and rehabilitation is likely to restore soil productivity. Simple rehabilitation methods, like ripping behind a cat, can be used on main trails on less sensitive sites and with low trail and slope gradients.

In practice, it is often best to plan for designated trails and then take advantage of the weather when it is stable, and use the trails when it is not favourable (it is much easier to go from designated to dispersed, and make the decision about if it is dry enough, rather than to go day by day asking “is it too wet today?”). 

If skidding between trails, care must be taken in choosing an optimum trail spacing to avoid ending up with areas of more than 2 or 3 passes over the ground (that is when some disturbance often starts counting, even under favourable conditions because of equipment turning, rocking, etc.). Factors affecting trail spacing include timber type (piece size and total pieces), equipment yarding capacity, presence of surface roughness (e.g. rock, old slash, old stumps), and microtopography.

Taking advantage of seasonal soil conditions can save time and money in terms of harvesting and creation of more favourable “site prep” type disturbance by random skidding. If soil conditions remain poor, simply fill in designated trails between the existing ones and harvest as per close trail spacing, with rehabilitation as required (see 5.5.1).

Operational overview; layout considerations; falling and yarding comments:

Roadside harvesting is encouraged to reduce the size and number of landings required. Given due consideration to other resource values and issues, spur road density may be increased up to about twice what would normally be required. Cost savings are achieved by reducing skidding distances and turn around times. Long-term productivity and allowable annual cut benefits are possible by having less landbase in permanent access if all spur roads and single pass landings are rehabilitated. Environmental benefits accrue from having less road system in excavated state during a rotation (during which it is reasonable to expect a 100 year runoff event that would exceed the capacity of some road deactivation?). Layout needs to consider drainage and lay of land. 

The detailed comments regarding construction and rehabilitation in the section on rehabilitation of skid trials apply.

Some contractors and supervisors do a good job of trying to avoid creating excavated and bladed trails, and this strategy is often used in their “pedo-righteous quest” for minimizing deep soil disturbance. 
The primary cautions are that excess disturbance can result if the plan is not carefully followed and monitored, or if drainage problems arise or are encountered.

Miscellaneous text
Weather and climate considerations:

Dispersed skidding can be used during times of favourable seasonal soil conditions. (Hoe-chucking can often occur under less favourable conditions; proceed with caution.)

Operational overview; layout considerations; falling and yarding comments:

Cost savings can range as high as for closer spaced designated trails, but may be less because of the cost of the excavator and depend highly on the skill of the operator. Site preparation costs can be saved if creating suitable disturbance during harvesting. Layout needs to consider drainage, lay of land, lean of trees. If a feller-buncher is used, a cutting front can be cut while driving between trails - on slopes most of turning should occur on the trails, or carefully on or adjacent to stumps, to prevent extra disturbance unless this is creating prescribed disturbance types for site preparation purposes. On the coast, hoe-chucking often involves multiple handling of each piece of wood; in the Interior, handling is minimized through layout of speedtrails, but some layouts may require some multiple handling, using a moving front of timber that is re-forwarded towards the speedtrail for the skidders. Factors affecting trail spacing include timber type (piece size and total pieces), equipment yarding capacity, presence of surface roughness (e.g. rock, old slash, old stumps), and microtopography.

If seasonal soil conditions are a factor, then the timeframe when these conditions occur needs to be determined. If the timeframe is difficult to pinpoint, then simple field tests developed for determining “how wet is too wet”, “how much frost is enough frost” or “how much snow is enough snow” in order to protect the soil are available (see sections 4.3.1.4.1, 4.3.1.5.1, 4.3.1.5.2).

Under many site and climatic conditions, we cannot count on an ideal operating window for fully dispersed (random skidding). The key is to layout trails that can be used under wetter conditions.  Close trail spacing with rehabilitation is a strategy that can be considered. 

� Recall that soils may not be frozen, even under shallow snowpacks, use penetrometer test for frost.


� Very High compaction hazard sites: treat as described in the paragraph at the beginning of this section on “Sensitive sites.”


� On a given site, the protection of other resource values, or advanced regeneration, may require wider spacing; see notwithstanding paragraph below regarding tighter spacings.


� See text, below this table, about partial cutting and concerns regarding increased loss of forest landbase to permanent access network; take advantage of seasonal soil conditions as much as possible to limit main trails, the resulting disturbance during harvesting should usually be less than 13 % (if site preparation type disturbance is prescribed, pre-rehab. level of 15 % MAY be acceptable) PROVIDED the final number is under 10 %.
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