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Executive Summary

Maintaining site productivity requires the conservation of soil resources, particularly by reducing or preventing soil disturbance.  There are various soil disturbance types ranging from rutting, compaction to roadways and landings. These soil disturbance regimes, however, are defined differently in each of the provinces and the regulations concerning these disturbance types also vary among the provinces.  This report summarizes how each of the provinces has defined different soil disturbance regimes and what guidelines and/or standards have been developed for these disturbance types. 

British Columbia has the most comprehensive definitions and guidelines in the country where specific criteria are given for various disturbance types as well as the amount of disturbance that can occur on the land base.  Rutting is the one soil disturbance that all provinces that have developed guidelines (B.C., Alberta, Quebec, Newfoundland) have identified as an important soil disturbance to be measured.  Definitions for rutting, however, vary across the country ranging in depth from 5 to 30 cm deep and anywhere from 2 to 10 m in length (rutting in the U.S. varies from 5 to 46 cm deep and 3 to 15 m in length).  The amount of rutting that can occur in a cutblock ranges from 1% (SK) to 10% (B.C.).  These varied definitions make it very difficult to compare disturbance types across the country.  Saskatchewan also has two definitions for rutting, one from the Saskatchewan Forest Impacts Monitoring Scientific Advisory Board and the other from the condition for Weyerhaeuser from the provincial government.  These two definitions will need to be harmonized in order to maintain consistency and comparison in future monitoring of forest impacts on soils in Saskatchewan.  Ontario has not defined their soil disturbance types but the province has identified best forest management practices to reduce various soil disturbance regimes. 

Background:

Objectives:

1) To describe soil disturbance limits from forest operations and methods for Weyerhaeuser to achieve those limits.

2) To review and establish soil classes and moisture conditions suitable for operating during periods when the ground is unfrozen.

Description:

Section 3.8.4 (e)

This report will include an evaluation of the current practice of stumped landings as well as limits for soil disturbance: i) for exposure of mineral soils, and ii) for soil horizon changes including displacement, mixing (site preparation), rutting and compaction.  Report to evaluate methods and reports on conformance with soil limits, assess available practices, methods and equipment to meet 20 year plan objectives and (new) limits, and an evaluation of direct planting.  The report will include a review and evaluation of forest practices and standards in other boreal forest jurisdictions. Operating standards (limits) and associated guidelines shall be developed and incorporated into the report.
Scope:

The purpose of the report is to establish Company standards (limits) for soil disturbance as a result of harvesting and silviculture operations.

Section 3.8.4 (g)

The report will include a review and evaluation of forest practices in other boreal forest jurisdictions. Operating standards (limits) and associated guidelines shall be developed for operating in various soils and moisture conditions when the ground is unfrozen.

This report shall include a definition of frozen soils (e.g. frost depths), for both organic and mineral soils. This definition shall be based on the load bearing capacity of the soils, and associated with their capability to support heavy machinery.

Scope:

The purpose of the report is to provide field personnel direction and options on how to operate in various soil and moisture conditions.

Section 3.8.4 (b)

The report should address PA 20 FMA condition 3.8.4 (b) and EA Approval section 8(2) that require reclamation/restoration of all roads and landings to approach a standard of no net loss of productive forest habitat and site productivity.

Introduction

Development of disturbance limits requires an understanding of what disturbances should be measured and how they are defined as well as knowing what other jurisdictions are doing for standards and guidelines.  Grigal (2000) in a review of forest management activities on site productivity investigated what activities had the greatest impact on soil properties (Table 1).  He found that the most important factors affecting long-term site productivity were related to the physical rather than the chemical or biological properties of the soil.  The two most important factors affecting long-term productivity were roadways and site disturbance while soil erosion, mass flow and compaction/rutting had a medium impact on productivity.  The extent and severity of these effects will vary for different forest regions due to harvesting practices, equipment, season of harvest, climate and soil type. Therefore, it is important that guidelines and standards for soil impacts reflect these factors.  

In order to describe soil limits it is also important to examine how other jurisdictions have defined soil disturbance criteria and what standards and guidelines have been implemented. However, definitions and standards will not be uniform across all forest regions due to the factors discussed above. In addition, the standards can also be affected by how one measures the soil disturbance criteria in the field.  Different sampling methodologies can produce different estimates of % soil disturbance which may or may not meet the standards and guidelines. Thus a uniform sampling methodology needs to be implemented by both industry and government in order to obtain comparable estimates of soil disturbance. In addition, if the definitions of soil disturbance are different between organizations or provinces, then the standards using those definitions may not be comparable across regions.  Despite these limitations, the criteria for the various types of soil disturbance regimes in each province is given in Table 2, and the standards and guidelines related to the soil disturbance types are presented in Table 3. Some provinces, however, have no regulations or definitions related to soil disturbance or simply no information could be found resulting in the tables having blank boxes for various categories. 

Table 1. Assessment of extensive forest management activities on soil properties (Grigal, 2000)

Effect
Severity
Spatial Extent
Certainty
Duration
Deviation from Natural
Implications
Importance

Surface erosion
Low
Large
Medium
Medium
No
Water quality
Medium

Mass flow
High
Small
Low
Long
Yes
Water quality
Medium

Roads
High
Medium
High
Long
Yes
Access for management
High

Compaction/rutting
Medium
Medium
High
Medium to long
Yes

Medium

Site disturbance
Medium
Large
High
Medium
Yes
Collective measure
High

Nutrient loss by leaching
Low
Large
Medium
Short
No

Low

Nutrient loss in product
Medium
Large
High
Medium to long
Yes

Low

Biological disruption
Medium
Large
Medium
Medium
No

Low

Review of Practices and Standards for other Jurisdictions

British Columbia

British Columbia has the most comprehensive definitions and guidelines for soil disturbance regimes in Canada based on the Forest Practice Codes (B.C. Ministry of Forests, 2001a,b).  British Columbia is the only province to give definitions not only for rutting but also for compaction, gouges and scalps (Table 2) (B.C. Ministry of Forests, 2001a). The rutting length of 2 m is the shortest for all the provinces.  Permanent access structures (roads or other structures that provide access to the forest) should not occupy more than 7% of the total area of prescription.  Temporary access structures (roads, landings, quarries, bladed trails main skid trails, corduroyed trails etc) are grouped with other soil disturbance types (compaction, rutting etc) and fall under the soil disturbance guidelines according to region and soil sensitivity rating (Table 3).  

Alberta

Roads and road areas (stripped landings and displaced soil) in Alberta are not to exceed 5% of the total cutblock area (Alberta Land and Forest Service, 2001).  Soil disturbance such as displacement, compaction or rutting from harvesting operations can not exceed 2% of the cutblock area as measured by a linear transect method.  Ruts are defined as being 4 m long and the depth of the rut depends on whether you are in organic or mineral soils (Table 2).  

Saskatchewan

Provincial guidelines and/or regulations are currently being developed by the Forest Ecosystems Branch for the province.  For Weyerhaeuser’s Forest management area in upland cutblocks, ruts have been defined as being 10 m and 15 cm deep in mineral soil while in riparian management areas ruts are defined as being 5 m long and 12 cm deep. The definition of a rut in the upland cutblocks, however, contradicts the definition being used by the Saskatchewan Forest Impacts Monitoring Scientific Advisory Board where a rut is defined as being 5 m long (Enns, 2002). Thus, a uniform definition for rutting needs to be agreed upon before any measurements are taken to ensure consistency in monitoring soil disturbance in the province. A limit of 1% rutting has been assigned to the Weyerhaeuser FMA as part of their conditions for the 20 year plan.

Manitoba

No formal guidelines have been developed.  The Manitoba Model Forest in conjunction with Tembec Industries has been monitoring rutting on harvested blocks but no details are given as to the criteria for rutting (http://www.ManitobaModelForest.net/).

Ontario

Forest management guidelines have been developed (Archibald et al., 1997) for Ontario; however, there are no specific definitions (i.e. depth or length or rutting etc) or guidelines as to how much a certain disturbance can occur in a cutblock.  In the guidelines there is information related to compaction and rutting and soil erosion with descriptions of the disturbances, how the disturbance impacts the site, best management practices to reduce the disturbance as well as a broadly defined hazard rating system for the different types of disturbance based on several factors.

Quebec

Soil disturbance definitions are only given for rutting where ruts are 4 m in length and > 15 cm deep (Table 2) (Jetté et al., 2001).  Standards for rutting are somewhat different than the other provinces where the amount of rutting is dependent on the length of trails and the amount of skidtrails is determined on an area basis (Table 3).  The amount of skid trails is to be < 33% of the cutblock.  The loss of productive area is being monitored by sampling 40 m from the edge of the roads and landings; erosion events are measured by observation from roadways (Jean-Pierre Jetté, personal communication).

New Brunswick

No information available

Nova Scotia

No information available

Newfoundland

Based on the report by the Department of Forest Resources and Agrifoods, Forest Engineering and Industry Services (Anonymous, 2000) operating areas are randomly selected (stratified by logging system and season) for logging surveys (utilization), cutover disturbance, regeneration, terrain classification and slope surveys. Statistical significance is based on being within 20% of the mean at a 90% confidence interval. Disturbance surveys consist of undegraded, compacted, bulldozed and slash cover. No definitions are given as to what compacted soil means and how it is measured. The Newfoundland Environmental Protection Guidelines state that no more than 10% of the total productive forest in a cutblock can be disturbed. If this limit is exceeded, a rehabilitation plan would need to be implemented to reduce the disturbance below 10%.  Newfoundland also uses a terrain classification system for determining trafficability based on ground strength, ground roughness and slope or grade. 

Other Jurisdictions:

In Sweden, when doing thinning trials, ruts can not be greater than 10 cm deep (Myhrman, 1990).  In the United States, a Forest Health Monitoring program has been established by the Forest Service to define soil disturbance criteria and thresholds (Page-Dumroese et al., 2000; Powers et al., 1998).  A threshold of 15 -20% (depending on region) has been given for the total amount of detrimental disturbance on a cutblock, excluding the road systems (Table 4).  Within each forest region, definitions and thresholds are also given for various types of soil disturbance regimes (Table 4).  Rutting depths vary from > 15 to 46 cm and lengths of 3 to >15 m. Compaction is also defined based on a measure of bulk density, porosity or soil strength.

Table 2. Comparison of soil disturbance definition criteria for the Canadian Provinces

Province
Compaction
Rutting
Gouges
Scalps

B.C.
Occupies 100% of 100 m2 area and > 5 m wide

Assessment:

coarse platy structure

loss of normal structure compared to undisturbed soil

change in density from undisturbed using shovel or crushing soil with fingers


> 30 cm wide and 2 m long

High to very high hazard sites: ruts  5 or 15 cm deep from mineral soil surface

Low to mod. hazard sites: ruts  15 cm deep from forest floor surface
Deep Gouge: excavations > 30 cm deep or to bedrock from mineral soil surface

Wide Gouge: excavations > 5 cm deep or to bedrock from mineral soil surface on > 80% of 1.8 X 1.8 m area

Long Gouge: excavations > 5 cm deep or to bedrock from mineral soil surface on 100% of 1 X 3 m area
Wide Scalp: forest floor removal on > 80% of 1.8 X 1.8 m area

Very Wide Scalp: forest floor removal on > 80% of 3 X 3 m area

Continuous Scalp: continuous forest floor removal for > 5 m length (no width criteria)

Alberta

> 20 cm deep for organic layer > 30 cm deep 

>10 cm deep into mineral soil when organic layer < 30 cm

> 4 m continuous length even if stumps, logs or rocks lift vehicle (4 m equivalent to one tire rotation)



Sask.

RMA – 12 cm deep and 5 m long ; cutblocks – 15 cm deep in mineral soil and 10 m long



Manitoba





Ontario
Increase in soil bulk density from heavy equipment, occurs over broad areas; no specific criteria given
Creation of trench or furrows by breaking thru forest floor; no specific criteria given as to depth and length



Quebec

> 20 cm deep and 4 m long



N.B.





N.S.





NFD
Increase in soil density from machine traffic, includes wheel/track impressions and rutting – but no exact definition given
Is mentioned but no specifics given to definition



Table 3. Comparison of standards and limits between provinces

Province
Access structures
Compaction
Rutting
Gouges
Scalping
Reference

B.C.
Permanent access  7% of NAR, unless special conditions;

roadside work areas – level of soil disturbance ≤ 25% of area in NAR;

temporary access structures follow soil disturbance standards
VH Sensitivity – 5% for Coast & Interior;

L, M, H sensitivity – 5% Coast & 10% Interior
BC Ministry of Forests, 2001b

Alberta
≤ 5% of block area (includes stripped landings and displaced soil areas)
< 2% of block area
Alberta Lands & Forest Service, 2001

Sask.


< 1% (condition on Weyer. 20 yr plan)




Manitoba







Ontario
None given
None given
None given
None given
None given
Archibald et al., 1997

Quebec
<33% of block can be in skid trails

< 20 % of trail length can be rutted in cutblock


Jetté et al., 2001

N.B.







N.S.







NFD
≤10% of total forest in operating area can be excessively disturbed




Environ. Protection Guidelines, Schedule IV, no date

Table 4. Threshold guidelines for various soil disturbance types in different Forest Service Regions of the United States. 

Disturbance Type
Forest Service Region†
Threshold Value





Operational Area
1,2,4,6,8,10

9


Total of all detrimental disturbances should not exceed 15% of the operating block, excluding system roads.

Total of all detrimental disturbances should not exceed 20% of the operating block, excluding system roads.

Displacement
1

2

4

5

6

8

9

10
Loss of either  2.5 cm of surface soil or one-half of humus-enriched A horizon, whichever is less.

Soil loss from a continguous area > 9 m2.

Removal of > 50% of humus-enriched surface soil or 5 cm of soil from an area  1 m2. 

Organic matter in upper 30 cm is < 85% of SOM found under natural conditions.

Removal of > 50% of surface soil or humus-enriched A1 and/or AC horizons from an area  9.3 m2 and 1.5 m wide.

Removal of > 50% of humus-enriched A horizon from a continuous area  5.6 m2 and 1 m wide.

Removal to a depth of one-half the thickness of the A horizon over an area  5.6 m2 and 1 m wide.

Removal of forest floor and 50% of surface soil from an area  9.3 m2 and 1.5 m wide.

Compaction
1

2

3

4

5

6

8

9,10
Bulk density increase of 15% (20% on volcanic soils).

BD increased > 15% over natural conditions or exceeding 1.25 to 1.60 g cm-3, depending on soil texture.

BD increased by 15%. Soil strength increased by > 50%.

Reduction of > 10% in total soil porosity or a doubling of soil strength in any 5 cm increment of the surface soil.

Reduction of > 10% in total soil porosity. Threshold determined for each soil type.

BD increase by 15%, reduction of 50% of macropores from undisturbed and/or 15% reduction in macropores measured by air permeameter for soils other than volcanic soils; BD increase of 20% for volcanic soils.

BD increase of 15% and >20% decrease in macroporosity over natural conditions.

BD increase of 15% over natural conditions.

Rutting and Puddling


1

4, 10

6

8

9


Soil puddling present; ruts  5 cm deep.

Ruts in mineral or organic soil. 

Ruts  15 cm deep.

Ruts  15 cm deep for a continuous distance of > 15 m, ruts > 30 cm deep for > 3 m, and ruts > 46 cm deep for any distance.

Ruts > 46 cm deep anywhere in block, or ruts > 30 cm deep for > 3 m.

† Forest Service regions: 1 - Northern; 2 - Rocky Mountains; 3 - Southwestern; 4 - Intermountain; 5 - Pacific Southwest; 6 - Pacific Northwest; 8 - Southern; 9 - Eastern; 10 - Alaska

(Source: Page-Dumroese et al. 2000; Powers et al. 1998)

There are many documents and practical field guides related to minimizing soil disturbance during harvesting operations and they are listed below:

Archibald, D.J., W.B. Whiltshire, D.M. Morris, and B.D. Batchelor. 1997. Forest management guidelines for the protection of the physical environment. Ontario Ministry of Natural Resources, Queens Press, Toronto.

Arnup, R.W. 1998. The extent, effects and management of forestry-related soil disturbance, with reference to implications for the clay belt: a literature review. Ont. Ministry Natural Resources, Northeast Science and Technology. TR-037.

Arnup, R. 2000. Minimizing soil disturbance in forestry operations: A practical field guide. Lake Abitibi Model Forest, Cochrane, ON.

Ehnes, J. and D. Sidders. A guide to harvesting practices to regenerate a natural forest. Manitoba Model Forest, Pine Falls, MB.

MacDonald, A.J. 1999. Harvesting systems and equipment in British Columbia. B.C. Ministry of Forests, Forest Engineering Research Institute of Canada, Handbook No. HB-12.

McMorland, B. and S. Corrandini. 1999. Impact of machine traffic on soil and regeneration. Proceedings of Feric’s Machine Traffic / Soil Interaction workshop. FERIC Special Report No. SR-133.

Peacock, H. 1996. Guidelines for environmentally responsible forestry operations in Manitoba: A practical guide towards sustainable forestry operations. Manitoba Model Forest, Pine Falls, MB.

Forest Science Program. 2002. Forest soil conservation and rehabilitation in B.C.: Opportunities, challenges and techniques. B.C. Ministry of Forests.
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