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1  Conservation of soil values 
 

1.1 Soil composition and properties 

Soil is a naturally occurring mixture of minerals, organic matter, water and air. It forms the foundation for 

life in terrestrial ecosystems. Soil is formed over long periods of time from rocks and decaying plants and 

animals. In their natural state, the particles that make up soil usually pack loosely, forming a structure filled 

with pore spaces. There are a range sizes and shapes of the soil particles and the pore spaces between them 

(Figure 1). The pores contain soil solution (liquid) and air (gas) as well as being the habitat for a variety of 

living creatures, such as bacteria, fungi, smaller insects and worms (Figure 2). 

 

There are three main layers in most soils which are commonly referred to as soil horizons. A schematic 

representation of the three main soil horizons is shown in Figure 3. These are the topsoil, subsoil and the 

parent material. Each horizon has different characteristics. The properties of the different horizons 

determine the characteristics of the soil such as its fertility or productivity and how well it regenerates after 

disturbance. The soils of the jarrah forest are characterised by a very deeply weathered subsoil layer which 

is many metres deep. 

 

Soil contains a diverse range of living organisms (biota) including earthworms, ants, beetles, termites, 

spiders, nematodes, mites, centipedes, protozoa, mosses, bacteria, actinomycetes, algae, and fungi. The soil 

biota perform essential ecosystem processes, breaking down and redistributing organic matter, cycling 

nutrients, fixing nitrogen and aerating the soil. Without soil biota, and the soil structure that supports them, 

the forest ecosystem would collapse. 

 

There are a number of potential threats to soil values that should be recognised during planning and 

operational phases of forest management. The maintenance of soil structure and the soil processes 

responsible for nutrient cycling are fundamental to forest health. The time taken to repair damaged soil is 

longer than most planning or operational timeframes. For this reason, soils are sometimes referred to as non-

renewable resources. The prevention of damage through planning and management is preferable to seeking a 

cost effective cure after the damage has occurred. 

 

The following sections of this chapter outline key soil values and the potential threats to these values from 

timber harvesting and associated forest management activities. These are: 

 soil compaction 

 other mechanical disturbance of soil 

 soil erosion and surface water management 

 soil nutrition 

 soil salinity 

 soil chemistry 

 soil contamination. 
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Figure 1:  An example of the arrangement of different sized particles and pore spaces in topsoil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: An example of the composition of a topsoil layer with a description of the different 

components and their relative proportions. 

 

 

Component Description 

Mineral The mineral component reflects the 

rocks from which soil are formed. 

Dif ferent-sized mineral particles, such 

as sand, silt, and clay, give soil its 

texture and affect its chemistry.  

Organic The organic component is both live 

and dead. Fungi and bacteria help 

break down and cycle organic matter 

in the soil. 

Air  The air in soil is important for 

supporting plant and animal life.  

Water Soil water supports the plants and 

animals that live in soil. It is a solution 

that transports nutrients. 
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Figure 3: Schematic representation of soil layers with a description of the characteristics of each layer. 

 

For the purposes of managing soil disturbance during timber harvesting and associated activities, the soil 

disturbance categories based on soil horizons are outlined on Table 1. 

 

Table 1: Soil disturbance categories. 

 

Category Description 

Undisturbed Characterised by an intact litter layer. 

Lightly disturbed Characterised by the litter layer being disturbed or a light disturbance to the 

topsoil. 

Moderately disturbed Characterised by the topsoil mixed with subsoil or the topsoil partially removed. 

Severely disturbed Characterised by the topsoil completely removed and subsoil exposed or the 

topsoil mixed with subsoil, or the subsoil disturbed, or subsoil mixed with parent 

material or soil at greater than 50cm depth, or the subsoil partially removed. 

Very severely disturbed Disturbance that involves parent material or soil layers that are greater than 

50cm below the soil surface excluding caprock. 

 

Further information relating to the use of these categories for monitoring and managing soil disturbance can 

be found in SFM Manual No. 1 - Manual of Procedures for the Management of Soils Associated With 

Timber Harvesting in Native Forests. 

 

Layer Description 

Litter Litter includes the decayed and partially decayed organic 

matter (humus) sitting above the mineral earth. 

Topsoil Topsoil is the uppermost layer of soil beneath the litter that 

is darkened by the organic matter which has been 

incorporated into the soil. Topsoil is usually sandy or loamy 

in texture and contains the majority of fine roots. The 

thickness of the topsoil layer typically varies from only a 

few centimetres up to 40cm. 

Subsoil Subsoil is the layer of soil below the topsoil, which is 

lacking in organic matter. It is typically a lighter colour than 

the topsoil and may also have higher clay content or be a 

clay layer. 

Parent 

material 

Parent material is the unconsolidated material from which 

the topsoil and subsoil have developed by pedogenic 

processes. The predominant soils of the jarrah and karri 

forest are very deep. The parent material is often many 

metres below the soil surface such as more than 10m deep. 

Concreted laterite sometimes found near the soil surface is 

not the parent material of the underlying soil. 
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1.2 Soil compaction 

Compaction occurs when soil is compressed, or subjected to some other physical force that exceeds the soils 

strength and reduces the pore spaces between soil particles. When pore spaces are reduced, the density of 

the soil is increased. This is measured and expressed as the óbulk densityô (weight/volume) of the soil. Any 

mechanism that rearranges the soil particles to reduce soil pore space will increase the soil bulk density. 

During timber harvesting and associated activities, compaction is most commonly caused by the movement 

of vehicles and logs over the soil surface. Table 2 provides a description of soil compaction processes. 

 

Table 2: The main processes of soil compaction. 

 

From an ecological point of view, compaction is a damaging process. The consequences of soil compaction 

include: 

 reduced pore size which diminishes the water-holding capacity of the soil, limits the flow of water 

into the soil and limits the exchange of gases such as oxygen with the atmosphere 

 reduced biological activity which reduces soil permeability and affects water relations, soil fertility 

and nutrient cycling 

 lower biodiversity, particularly in micro-organisms, fungi and invertebrates 

 loss of forest productivity due to decreased germination success, lower soil volume available to 

roots, less feeder root surface area due to lower root growth, resulting in significantly lower growth 

rates for vegetation 

 Increased potential for erosion and subsequent deposition leading to soil movement and loss, off site 

impacts on aquatic systems due to deposition, stream turbidity, lower oxygen levels and potential 

eutrophication. 

 

These consequences occur because compaction damages soil structure and decreases the size of pores in the 

soil (see Figure 4). 
 

 
 

Figure 4:  Schematic diagram showing the effects of compaction on pore size. 

 

Compaction also restricts the growth of roots and fungal hyphae in the soil and diminishes the movement of 

soil microbes and invertebrates through the soil. The activity of soil fungi and micro-organisms declines, 

impacting soil processes such as the breakdown and incorporation of organic matter into the soil, nitrogen 

fixing and nutrient cycling. Water availability and root growth are restricted, and nutrient and water uptake 

by plants is reduced, lowering plant growth rates. These changes reduce biological activity in the soil, 

lowering forest productivity and potentially reducing biodiversity. The decreased infiltration rates can also 

increase surface water ponding, puddling, water-logging and overland flow, potentially causing erosion and 

increasing stream turbidity. 

Process Description 

Compression Packing of the soil resulting from a vertical force from wheels or tracks. 

Shearing Deformation of the soil resulting from horizontal force such as spinning or slipping 

wheels or tracks. 

Smearing Realignment of soil particles in a thin layer from random to parallel orientation by 

slipping tracks or wheels and sliding logs. 
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The extent and depth of compaction damage sustained by a soil depends on a number of factors including: 

 physical properties of the soil - particularly the particle sizes (soil texture), bulk density and organic 

matter content 

 soil moisture 

 the number of times a vehicle passes over the site 

 ground pressure of the machinery 

 operator skill. 

 

A brief description of the way each of these factors influences compaction is given in sections 1.2.1 to 1.2.5 

below. 

 

1.2.1 Physical properties 

The physical properties of a soil can be used to indicate its susceptibility to compaction and to determine 

how this may be managed. Table 3 describes how the physical properties of soil are related to compaction. 

 

Table 3: Soil physical properties that affect compaction. 
 

Physical soil 

factor affecting 

compaction 

Description 

Soil texture Generally, very coarse textured soils such as sands and gravels are more resistant to 

compaction, particularly when poorly graded (low variation in particle size). Soils 

with a range of particle sizes (well graded) are more susceptible to compaction, 

particularly when they contain high amounts of fine sand and silt. Fine textured soils 

(high in clay content) are resistant to compaction when they are dry because they 

contain many very fine pores which are resistant to compression. However, clay soils 

become highly susceptible to compaction when they are wet. 

Organic matter Soils high in organic matter are more difficult to compact compared to soils with low 

organic matter. Organic matter reduces susceptibility to compaction by providing 

resistance to deformation and also by increasing the soils ability to rebound after a 

compressive load. 

Bulk density In general, soils with higher bulk density are more resistant to compaction. However, 

bulk density as an indicator of susceptibility to compaction should be used with 

caution because it does not reflect the compressibility of a soil. For example, some 

sandy soils have a naturally high bulk density, but a low compressibility. When 

subject to load, these soils may exhibit a small increase in bulk density with a large 

increase in soil strength which can adversely affect root growth. Some clay soils such 

as those occurring in wandoo forest have a relatively high bulk density, but will 

become unsuitable for root growth following a very small increase in bulk density 

above natural levels. 

 

A schematic comparison of well-graded and uniformly graded soils is shown in Figure 5 below. 
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Figure 5:  Schematic comparison of well graded and uniformly graded soils. 

 

The trafficability and compaction risk (described as ócompactibilityô) in common forest soil types are 

directly related. This relationship is illustrated for soils of the south-west of Western Australia in Table 4 

below. 

 

Table 4: Trafficability and compatibility of various forest soils from the south-west of Western 

Australia for combined texture and local soil groups. 

 
 

 

Trafficability  

 

 

Compactibility  

Texture groupings Local soil groupings 

Four texture 

groups 

 

Five texture groups 
Six texture 

groups 
Six soil groups 

 

Four soil groups 

       

Excellent Low   

 

Rocky or stony 

sand-gravel/duricrust 

 

Sand 

Loamy sand 

Clayey sand 

Lateritic uplands 

Lateritic uplands 

Upland sands, 

Blackwood 

Plateau uplands 

  Stony/ 

sandy 

 

Shallow sand/cemented 

layer 

 Deep sandy gravel 

Deep sands 

Sandy loam 

Fine sandy loam 

Light sandy clay 

loam 

Upland sands  

  Loam Shallow loam duplex 

Shallow loam/hardpan 

Deep loam duplex 

Loamy earths and 

gravels 

Loam 

Loam, fine sandy 

Silt loam 

Sandy clay loam 

Blackwood 

Plateau uplands 

Red loams (karri 

loam) 

  Sandy 

duplex/clay 

loam 

Earthy sands 

Shallow Sandy Duplex 

Duplex Sandy Gravel 

Deep Sand Duplex 

Clay loam 

Silty clay loam 

Fine sandy clay 

loam 

Red loams 

(karri loam) 

Shallow to clay 

(duplex soils 

under jarrah and 

karri, Blackwood 

Plateau shallow 

to clay) 

  

Clay Clay 

Sandy clay 

Silty clay loam 

Light clay 

Light medium 

clay 

Shallow to clay 

(duplex soils 

under jarrah and 

karri, Blackwood 

Plateau shallow 

to clay) 

Clay (orange 

earths under 

wandoo) 

Very poor Very high 
Medium clay 

Heavy clay 

Clay (orange 

earths under 

wandoo) 

Source of table: SFM Technical Report No. 2 - Review of factors affecting disturbance, compaction and trafficability of 

soils with particular reference to timber harvesting in the forests of south-west Western Australia. 
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1.2.2 Soil moisture 

Nearly all soils become increasingly prone to compaction as they become wetter. The strength of a soil can 

decrease 10 to 100 times when it becomes wet. Water films are formed around each soil particle weakening 

the bonds between them and reducing the soils strength. Water also lubricates soil particles, allowing them 

to slide together. 

 

When soil is moist in winter and spring, soil strength is greatly decreased, and soil compacts more readily. 

At this time of year soil compaction is mostly influenced by soil moisture and the ground pressure of 

vehicles is of less concern. During winter and spring when soil is moist it is most important to manage 

compaction by operating in drier or less susceptible soil types. The moisture status of soil is usually 

apparent through visual observation of how well it is holding up to heavy vehicle traffic. It is also possible 

to determine the moisture status by conducting a simple field test to determine if it is at its lower plastic 

limit. Maximum soil damage usually occurs when soil is at or near its lower plastic limit. 

 Lower plastic limit: is the moisture content when soil changes from being brittle to plastic and is the 

minimum moisture content at which the soil can be moulded. It is also the maximum moisture 

content at which the soil is friable. In most soils it is at or near the upper limit of water storage (field 

capacity). Puddling begins to occur at the lower plastic limit. 

 

1.2.3 Number of vehicle passes 

Compaction increases as vehicles repeatedly pass over the soil. Most of the compaction occurs with the first 

few passes. The general nature of this relationship is shown in Figure 6 below. 

 

 

 

Figure 6: The effect of the number of vehicle passes on soil bulk density. 

Source of picture: Froehlich et al. (1980). 

 

Figure 6 is indicative of the general response to repeated vehicle passes. The shape of this curve will change 

for different operating conditions and soil types. A similar response has been measured during winter 

harvesting in jarrah and karri forests with a range of soils and harvesting machinery (Whitford et. al. 2009). 

In the jarrah and karri studies, the increase in bulk density was primarily related to the total load of timber 

hauled over the extraction tracks, and much of the total increase in bulk density occurred after relatively 

little timber had been hauled over the extraction track. 

 

For the purposes of managing soil compaction during timber harvest activities, DEC has determined default 

ratings for soil disturbance based on the hierarchy of extraction tracks. These ratings are shown in Table 5 

below. 
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Table 5: Soil disturbance categories used by DEC based on extraction track hierarchy. 

 

Category of disturbance Extraction track hierarchy 

Lightly disturbed Tertiary  

Moderately disturbed Secondary 

Severely disturbed Primary 

 

Further information relating to the use of these categories for monitoring and managing soil disturbance can 

be found in DEC SFM Manual No. 1 - Manual of Procedures for the Management of Soils Associated With 

Timber Harvesting in Native Forests. 

 

Since the initial passes of machinery cause the greatest increases in soil compaction, the most effective way 

of minimising the extent of soil compaction is by forcing all machinery to work on the minimum number of 

tracks. A óherringboneô pattern of extraction (Figure 7) is widely recognised as one of the most efficient 

ways to extract timber resulting in the minimum number of tracks. Duplicate, parallel or criss-crossing 

tracks (Figure 8) multiply the area exposed to compaction during harvesting and the extraction of timber. 

 

 
 

Figure 7:  A óherringboneô extraction network is an efficient way to minimise the number of tracks 

used to extract logs. 

 

 
 

Figure 8: Duplicate, parallel and criss-crossing extraction tracks cause unnecessary multiplication of 

disturbance. 
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1.2.4 Ground pressure 

Ground pressure is a way of expressing the force applied to the soil by a particular vehicle and is expressed 

in kilopascals (kPa). The use of vehicles with lower ground pressure can contribute to minimising 

compaction. However, low ground pressure vehicles do not provide a solution to reducing the extent of soil 

compaction. There are two aspects of compaction: severity and extent. Lower ground pressure vehicles may 

slightly decrease the severity of compaction but will not necessarily decrease the extent of compaction. The 

extent of disturbance will be affected by the width of the track, wheel base of the vehicles as well as by the 

number of tracks and the extraction track pattern. 

 

Examples of typical ground pressures for harvesting equipment used in the south-west of Western Australia 

are shown in Table 6 below. The bearing capacity of a soil is expressed in kilopascals ranging from low 

bearing capacity (40 kPa) to high bearing capacity (more than 80 kPa). To minimise the risk of damaging 

soil, the ground pressure of vehicles can be matched to the bearing capacity of the soils they are operating 

on. This theoretical proposition should be used as a starting point for vehicle choice, but must be 

supplemented by field observation of soil disturbance. For example, tracked vehicles generally distribute 

ground pressure better than wheeled vehicles but have the disadvantage of causing scalping and mounding 

of the surface soil when the vehicle turns. 

 

Table 6: Indicative ground pressures of timber harvesting equipment used in the south-west of 

Western Australia. 

 
 

Vehicle type Application  Wheeled 

or tr acked 

Approx. loaded 

ground pressure 

(kPa) 

Skidders  Snigging  Wheeled 255  

Loader  Landing loader  Wheeled 310  

óBarkmateô Loads/docks  Tracked 40 (unloaded) 

Harvester ï 27 t Harvesting immature trees Tracked ~70  

Harvester ï 45 t Harvesting mature trees  Tracked 70  

Forwarder (6 wheel) Carrying out small logs Wheeled ~360  

Forwarder (8 wheel) Carrying out small logs Wheeled 360 

Source of Table: SFM Technical Report No. 2 - Review of factors affecting disturbance, compaction and trafficability 

of soils with particular reference to timber harvesting in the forests of south-west Western Australia. 

 

Ground pressure may be reduced by using cording, matting and brushing. These treatments have been used 

when soil is moist in an attempt to reduce soil disturbance by harvesting vehicles. The materials spread the 

ground pressure of the harvesting vehicles and separate the soil surface from the tyres and tracks of vehicles 

on extraction tracks and landings. The materials can be used individually or in combination. 

 Matting is a layer of bark, wood chips or other vegetation that is commonly used to cover cording 

and smooth out the track surface. Matting may be used alone as a means of reducing soil 

disturbance, however a substantial layer of material is needed for matting to be beneficial. The 

efficacy of the various types of matting material in reducing soil damage has not been established. 

 Brushing is a dense thick layer of small diameter log, branch and woody understorey material that is 

randomly laid to form an interlocked mat and distribute vehicle load over a wide area. Brushing is 

commonly used in karri thinning operations (Figure 9). A dense, even cover of brushing has been 

shown to effectively reduce soil damage (compaction, mixing, and rutting) in other forest types 

(Wood et al. 2003; McDonald and Siexas 1997). 

 Corduroying, or cording, is round or split log material that is closely and continuously laid at right 

angles to the direction of the extraction tracks, or placed on landings, to distribute the vehicle load 

over a large area and reduce soil compaction, mixing, and rutting. 
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Corduroying can reduce soil compaction in jarrah and karri harvesting (Whitford et al. 2009), and 

can have significant benefits is preventing rutting (see Section 1.3.2 below). However, the relatively 

small reduction in compaction provided by corduroying should be balanced against the cost and the 

associated negative environmental impacts of using corduroying. 

 

From a soil management perspective, it is almost always best to harvest the forest at times when the soil is 

dry, and cording, brushing and matting are not necessary.  Cording, brushing and matting can also have 

benefits in terms of reduced rutting (see Section 1.3.2 below). 

 

 

Figure 9: Brushing with tops and thinnings waste is successfully used in karri thinning operations 

to protect extraction tracks and reduce the incidence of rutting. 

 

1.2.5 Operator skill  

Reducing the static ground pressure of vehicles will not automatically lead to reduced soil impacts. Other 

factors to consider include the vehicle configuration (e.g. articulated versus skid steering) and the way in 

which they are operated. Skilled machine operators are highly valued for their role in increasing operational 

efficiency and minimising soil damage. The ground pressures shown in Table 6 above increase significantly 

with the skidding, bouncing, spinning and twisting actions of loaded vehicles. Smooth vehicle operation 

plays an important part in reducing these actions as well as minimising operational, maintenance, repair and 

rehabilitation costs. 

 

1.3 Other mechanical disturbance of soil 

In addition to compaction, there are several other types of mechanical disturbance that may be caused by 

vehicle activity or the movement of logs during timber harvesting. The other types considered in this section 

are shown in Table 7. 

 



15 

Commenced: 3 August 2009 

Effective from: 3 August 2009  
Custodian: Manager, Forest Policy and Practices Branch   
Approved by: Director, Sustainable Forest Management Division 

 

Table 7: Types of mechanical disturbance of soil. 

Disturbance Description 

Soil profile disturbance Involves the mixing and/or removal of soil layers which may be caused by 

vehicle activity or the movement of logs. Soil profile disturbance occurs 

when soil horizons such as the topsoil and subsoil are mixed together by 

mechanical action. 

Rutting This is a term given to the creation of depressed channels or grooves in the 

soil surface, usually by the action of vehicle tyres or tracks. Rutting 

involves the compaction and mixing of soil with the consequential loss of 

structure. Rutting may be caused by compaction of dry and damp soils, or 

by failure of soil strength in wet soil. 

Puddling Describes the combination of water and repeated mechanical disturbance of 

soil, often as a slurry or under saturated conditions. Puddling breaks down 

natural aggregates and realigns soil particles, resulting in dramatically 

poorer aeration and infiltration and exacerbating the effects of compaction. 

Scalping The removal of a layer of soil that is typically caused by the scraping of the 

soil surface e.g. gouges from dragging logs during extraction. 

 

1.3.1 Soil profile disturbance 

Soil profile disturbance changes the physical, chemical and/or biological properties of a soil. Bulk density is 

increased when subsoil is exposed and organic matter is removed or redistributed. Porosity and saturated 

hydraulic conductivity are usually reduced, which causes a reduction in drainage and biological activity. 

Fertility is reduced where organic matter, soil organisms and topsoil are buried or removed. Soil profile 

disturbance is an important factor in determining how susceptible to erosion a soil becomes after 

disturbance. 

 

The type and severity of soil profile disturbance is dependent on the type of machinery or vehicles in 

operation in the forest. Soil profile disturbance may occur across various soil types and seasonal conditions 

as a result of the intensity and type of equipment in use, or the nature of the operation being carried out. 

Common causes of soil profile disturbance are the action of vehicle tracks or tyres, the impact of falling or 

pushing trees and the dragging of trees or logs across the ground. 

 

1.3.2 Rutting and puddling 

Rutting and puddling are severe forms of soil structural decline that often result from compaction or failure 

of soil strength under moist soil conditions. Rutting and puddling often occur together and will inhibit plant 

growth due to reduced aeration and infiltration. Rutted and puddled soils may become anaerobic, leading to 

a higher chance of fungal infection. Tracks that are rutted and puddled may become pathways for the spread 

of disease. As water entry into the soil is retarded, this may contribute to overland flow and erosion. When 

dry, puddled or rutted soils usually have a hard surface crust which can prevent seedling establishment. 

 

Rutting and puddling are usually associated with moist soil conditions and often occur where there is heavy 

traffic load. Soils that are prone to damage and are at or near saturation may become rutted after a single 

pass. Observation for the onset of rutting and puddling can be used as a trigger to cease the use of machinery 

before damage occurs over a large area (Figures 10 and 11). 

 

Like compaction damage, the risk of rutting and puddling can be predicted and managed. The risk of 

damage is related to soil type, moisture status, vehicle configuration, load and type of operation. The 

planning process of coupe design and layout can be used to effectively limit the number of extraction tracks 

as well as identifying and avoiding soils that are most likely to be prone to damage under moist soil 

conditions so that they may be restricted to dry conditions only, or protected by cording, matting or brushing 

(outlined in Section 1.2.4 above). Once a rut has been formed the application of cording or matting will not 

fix damage that has occurred to the structure of the soil. 
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Figure 10: This landing is showing both puddling and mixing. 

 

 

 

Figure 11: An example of rutting together with puddling. 

 

1.3.3 Scalping 

Scalping involves the physical removal of surface soil material. The severity of scalping, and potential 

consequences are related to the depth of removal. The surface soil layers contain the majority of nutrients, 

organic matter and biological activity. Their removal can seriously deplete the productive capacity of soil. 

Additional consequences include reduced infiltration, particularly where a clay layer is exposed. In forest 

management activities, the majority of scalping occurs from the dragging of logs, displacement by vehicle 

tracks during tight turns or by pushing using the blade or forks of machinery. 
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Figure 12: Scalping of surface soil caused by óscrewingô of tracked vehicle conducting a tight turn. 

Scalping to the right of picture has resulted in mounding to the left of picture. 

 

1.4  Soil erosion and management of surface water 

Soil erosion is the detachment of soil particles and their transportation by water, wind or gravity. It is both a 

natural phenomenon and a consequence of land use in managed forests. Like compaction, the erosion of soil 

causes damage that is not easily repairable in conventional timeframes. Soil erosion removes fertile topsoil 

and organic matter from forest areas and can reduce forest productivity and biodiversity. Erosion causes off-

site effects when the materials removed are deposited at another site. The off -site effects of soil erosion 

include turbidity, silting and the eutrophication of streams and water bodies. 

 

Overland flow (often called surface runoff) is the primary agent for soil erosion in the forest of south-west 

Western Australia. Estimating the potential flow generation from a particular area or the likely change in 

flow following a change in surface condition, is an excellent method of assessing the risk of erosion. 

Significant losses of soil are associated with infrequent but extreme events. Effective assessment and 

management of erosion risk should focus on these events. 

 

The potential rate of erosion which may occur following disturbance within forest ecosystems is many times 

greater than the natural wearing away of the earthôs surface. In the south-west forest region, the potential for 

erosion is accentuated by the seasonal nature of the Mediterranean climate. Estimates of the fastest rates of 

soil formation in the forested hills of the south-west are around one millimetre every 500 years. Rates of 

erosion due to soil disturbance may range from as low as one milli metre per decade to many centimetres per 

day. Remedial works are generally expensive and only partially effective. Natural biological means of 

stabilisation are generally insufficient on their own. The occurrence of erosion due to activities that cause 

soil disturbance is generally easy to predict, manage and avoid. 

 

The natural soil and landscape will influence the rate of erosion. This includes factors such as steep slopes, 

dispersive clays and non-wetting characteristics (particularly sands in the south-west of Western Australia). 

The natural resistance of a landscape to erosion is related to factors such as slope, soil type, vegetation cover 

and climate which are generally easy to identify and categorise when planning control or prevention 

measures. 

 

The resistance of different soil types to erosion depends on factors such as texture, structure and chemistry. 

These can be summed up as the aggregate stability. A guide to interpreting soil stability using some general 

statements is given below (modified from Charman 1978): 
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1. coarse-grained (sandy) soils tend to be poorly aggregated and therefore highly detachable. They can 

suffer high rates of erosion when saturated under heavy rainfall (especially water repellent sands). 

However, they have high rates of infiltration and can absorb amounts of rainfall that would saturate 

finer textured soils. Because of their relative large size, sand grains are less susceptible to movement 

by splash or overland flow compared with finer textured soils 

2. in general, the more clayey soils have better aggregated profiles and are more resistant to erosion 

3. as clay contents in soil increase, the erosion characteristics of soils is determined more by the type 

of clay present than anything else 

4. dispersible soils are generally clayey, and their normally large aggregates are very stable when dry, 

but become highly unstable when wet 

5. soils with high silt and fine sand contents tend to lack coherence and be very unstable when wet and 

therefore highly erodible 

6. the most erosion-resistant soils are often well-structured non-dispersible clay loams. These have 

enough clay to ensure aggregation, and well-graded texture which ensures reasonable infiltration 

rates. 

 

Soil erosion can lead to physical, chemical and management effects including: 

 stream silting or turbidity leading to decreased biodiversity and reduced water quality 

 eutrophication of waterways and water bodies leading to decreased biodiversity and reduced water 

quality  

 the transfer of chemical and microbial contaminants attached to soil particles into rivers, streams, 

wetlands or reservoirs 

 deterioration of the quality of drinking water 

 reduced soil fertility due to the removal of fine clay and organic matter 

 damage to, and increased maintenance costs of, infrastructure such as water storage facilities, 

buildings and roads 

 reduced access and trafficability 

 decreased visual or scenic value. 

 

Forest management activities can increase the rate of soil erosion above natural levels. This can occur when 

the natural stability of the soil surface has been reduced or there is an increase in the erosive power of the 

surface water flow (through increased volume or intensity of water flow).  

 

Soil stability can be reduced by: 

 the removal of vegetation 

 change of surface roughness and cover due to scrub rolling, firebreak cultivation or vehicle traffic 

 modification of the natural path of surface water movement, particularly where surface water is 

concentrated by structures such as roads or tracks 

 ripping, mounding and cultivation 

 modification of the natural soil profile by exposing the subsoil through the removal of organic 

matter, or reducing the infiltration rate through compaction 

 the effects of salinity, acidity, waterlogging, dispersive or non-wetting soil characteristics or agents. 

 

Common types of soil erosion are described in Table 8 below. 



19 

Commenced: 3 August 2009 

Effective from: 3 August 2009  
Custodian: Manager, Forest Policy and Practices Branch   
Approved by: Director, Sustainable Forest Management Division 

 

Table 8: Common types of soil erosion. 

Type of erosion Description 

Sheet erosion Also referred to as inter-rill  erosion. This is the removal of a uniform layer of soil by 

raindrop splash or overland flow. No perceptible channels are formed and soil 

particles are either transported to rills, gullies and streams, or moved further down-

slope where they are liable to be displaced by subsequent erosion. Rates of soil loss 

with sheet erosion are sometimes relatively difficult to notice, such as a few 

millimetres per decade. 

Rill erosion This is the removal of soil by overland flow in numerous small channels (rills) which 

are commonly around five to 10 millimetres deep but may be as deep as 30 

centimetres. Rills typically form on cultivated or disturbed soils. Sandy soils are 

particularly prone to rill erosion. 

Gully erosion The removal of soil in large channels more than 30 centimetres deep. Gullies are 

typically steep sided and have branches. Gully formation occurs as a result of 

overland flow or a combination of overland flow and seepage. 

Headward erosion This is a form of gully or rill enlargement in an upstream direction due to incision by 

concentrated overland flow and the formation of a waterfall and splash pool. The 

action of water at the waterfall and splash pool will lead to undercutting and 

slumping of the gully head. This type of erosion is commonly associated with 

roadside table drains and culverts. It is an indicator of potential rapid escalation of 

damage and should be addressed promptly. 

Tunnel erosion Also referred to as tunnelling. This occurs where sub-surface soil is less stable than 

the topsoil and is removed by erosion while the topsoil remains intact (until the 

tunnel collapses and a gully is formed). Field and laboratory tests are available to 

detect the presence of unstable subsoil. 

Streambank erosion This involves the removal of soil from the banks of streams by the action of water or 

sediment flowing in the stream. It is usually most severe on outside bends during 

high flows as this is where energy is most concentrated. 

Mass movement This includes slumps, earth flows, soil creep and landslides. Mass movement is a 

form of erosion where water is often involved but the primary agent of movement is 

gravity. It is most common in high rainfall areas on steep slopes with gradients in 

excess of 27 per cent, that have been cleared or have had significant amounts of 

vegetation removed. 

 

Increased erosive power by overland flow occurs through: 

 vegetation modification such as thinning, clearing or the spread of disease 

 concentration of overland flow by channels or barriers to the natural flow of water such as roads or 

tracks 

 discharge of water from structures used to manage surface water such as culverts, table drains, mitre 

drains or spreaders 

 the effects of fire including non-wetting behaviour, reduced cover and reduced evapotranspiration 

 reduced infiltration due to soil compaction, puddling or mixing 

 insufficient or ineffectively designed, installed or maintained structures used to manage surface 

water. 

 

Examples of forest management situations where there is a high risk of erosion are: 

 roads or firebreaks built on steep slopes, especially if they are long enough to generate significant 

overland flow 
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 areas receiving concentrated overland flow such as water diverted from roads, earthworks or below 

rock outcrops 

 heavily trafficked areas such as extraction tracks or landings 

 areas of forest affected by wildfire. 

 

1.4.1 Management of surface water 

Management of surface water is the process of managing the overland flow of water in such a way as to 

protect resources and environmental values. The management of surface water is critical to minimising 

many of the risks to soil and water values. Almost all structures used to manage surface water are designed 

to move and dissipate water to stable surfaces and undisturbed ground. Management of surface water is 

necessary on roads, extraction tracks and landings. 

 

Management of surface water can be used to improve safety, prevent erosion and turbidity. It can be used to 

extend the seasonal working range and overall working life of infrastructure such as roads, trails, landings 

and extraction tracks. Management of surface water reduces the cost of maintenance and repair of 

infrastructure and can reduce the spread of water borne diseases such as dieback. The two main areas of 

management of surface water involve structures that are installed to manage the overland flow of water and 

the suitable drainage of roads and tracks. 

 

In managing surface water, it is important to consider the nature of the surface in question as this has an 

important influence on flow generation: 

 forested areas yield less overland flow than cleared areas 

 dense vigorous forest yields less overland flow than sparse forest 

 cultivated soil generates less overland flow than uncultivated soil 

 vegetated and mulched areas yield less overland flow than un-vegetated and bare areas 

 well structured soils yield less overland flow than massive, compacted or hard-setting soils 

 loose sandy soils generate less overland flow than compacted, hard, clayey soils (e.g. landings) 

 deep soils generate less overland flow than shallow soils (e.g. with significant rock outcrop). 

 

Further detail on planning, installing and maintaining structures used to manage surface water can be found 

in DEC SFM Manual No 3 - Manual for the Management of Surface Water. 

  

1.5 Soil nutrition 

The soils in the south-west of the State are some of the most inherently infertile in the world that supports a 

productive forest. The productivity of the forest is achieved through the internal cycling of nutrients, mainly 

through the action of soil micro-organisms on organic matter (Figure 13). Changes imposed by management 

of the forest can have important implications on its nutrient balance due to the high proportion of the 

nutrients that are held within the plants and in the litter on the forest floor. A schematic representation of 

nutrient cycling in the forest is shown in Figure 13 below. 
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Figure 13: Schematic representation of nutrient cycling in the forest. 

 

Nutrient input to the forest system occurs very slowly from the weathering of rock and via the atmosphere 

through rainfall, aerosols and nitrogen fixed by bacteria. Nutrients are present in a variety of forms including 

plant and animal tissue, dead organic matter (humus), in soil water and attached to soil particles. Nutrients 

move from the soil and humus to soil organisms to soil water to plants and back to the soil. As they cycle, 

nutrients change their availability status. Soluble (readily available) nutrients are the most vulnerable to loss 

from the system. Another form of loss is volatilisation (release to the atmosphere) by fire. Uptake by plants 

or soil microbes competes against loss by erosion and leaching. Factors which contribute to biological 

activity help to prevent nutrient loss. Rapid uptake (from soluble states) relies on healthy levels of biological 

activity. Efficient storage (capture and holding) relies heavily on organic matter. Organic matter acts as a 

bank which captures, holds and redistributes nutrients according to supply and demand. Organic matter 

helps to buffer fluctuations in supply such as when a forest is burnt or harvested and nutrients are mobilised. 

Where higher proportions of organic matter are retained, more nutrient is captured to supply the 

regeneration phase. Soils low in organic matter, particularly those with low clay contents, are prone to 

nutrient loss. 

 

Nutrients, particularly phosphorus and sulphur, are made more available to plants after fire and are utilised 

very effectively by regenerating vegetation. Fire is an important mechanism for nutrient cycling within 

Western Australia. 

 

The jarrah forest is adapted to very infertile soil, summer drought and recurrent fires. This ecosystem 

contains relatively small amounts of nitrogen and extractable phosphorous. The soils only contain 

approximately a quarter of the nitrogen found in the karri forest soils. The jarrah forest also has low 

abundance of nitrogen fixing flora. Approximately 20 per cent of the total nitrogen in the jarrah ecosystem is 

contained in the trees. This is much greater than for other eucalypt ecosystems which contain between one 

and eight per cent in the trees compared to the soil. 

 

Total nitrogen in jarrah forest, and available phosphorous in both jarrah and karri forest are critical 

characteristics of these systems in determining capacity to meet demands for forest growth and the 

maintenance of a stable ecosystem following disturbance (OôConnell and Grove 1996). 

 

Nutrient loss may occur in managed forests through the hydrological cycle (by water), fire, or the removal of 

products such as logs and bark. In addition to permanent removal, forest nutrition can be affected by 
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management processes that make nutrients unavailable for a long time such as soil profile mixing, or that 

reduce biological activity such as compaction or the spread of disease. Organic matter is important in all of 

these processes. 

 

During the long term, activities which persistently remove nutrients from a site have the potential to reduce 

site productivity. In extreme cases on sensitive sites, the species mix and biodiversity may also change. The 

effects of nutrient depletion may appear within decades on highly sensitive sites, but may not appear for 

many thousands of years, if at all on stable, inherently fertile sites. Nutrient depletion is more likely to occur 

on soils that have a poor capacity to hold nutrients. These are usually sandy soils that are low in clay 

content, iron oxides and organic matter. 

 

In the short term, nutrient depletion may have important consequences for water quality and aquatic 

biodiversity. Stream and catchment systems have the ability to concentrate very small amounts of nutrient 

removed per hectare of forest to levels which may influence aquatic ecosystems. 

 

Some of the forest management activities that may cause loss of nutrients are described below: 

 

Soil disturbance 

Soil and organic matter removed during erosion will lead to nutrient loss. Compaction, puddling and mixing 

do not immediately remove nutrients from the system. However, they alter the status of nutrients, causing 

them to be less available and also to be produced or accumulated at slower rates. Certain activities will 

significantly damage the topsoil such as heavy vehicle movement on landings. This can result in long-term 

inability to retain nutrients. Topsoils may be removed from these high traffic areas and later returned to the 

site to avoid this nutrient decline occurring. 

 

Removal of forest product 

Most nutrients in vegetation are contained with the leaves and fine branches which are left on site. Any 

activity that increases the removal of these components results in nutrient loss. Each 100 tonnes of jarrah 

product removed from the forest equates to a loss of around 84 kilograms per hectare of nitrogen, three 

kilograms per hectare of phosphorus, 75 kilograms per hectare of potassium, and 52 kilograms per hectare of 

calcium (Hingston et al. 1980). This is not considered to be a significant risk in the short to medium term 

but may be a consideration in the long term. 

 

Fire 

Fire alters the physical status (more prone to erosion) and chemical status (more soluble) of nutrients. Some 

nutrients such as nitrogen, sulphur and possibly phosphorous may be lost into the atmosphere. These 

nutrients are released from the litter layer and green material. After a fire, nutrients are more available to 

plants, but are also more prone to loss through erosion or leaching. In relation to nutrition, fire may be 

regenerative or destructive depending on the intensity and frequency of burning in relation to the forest 

ecology. 

 

After fire, litter builds up on the forest floor to reach an equilibrium value of around 40 tonnes per hectare 

(t/ha) in karri and 10 to 20 t/ha in jarrah. The build-up is rapid in early years reaching 23 to 30 t/ha in about 

eight years for karri forest and eight t/ha in five to seven years in jarrah forest. The accumulation of 

nutrients in litter is rapid following fire and for all elements reaches about 50 per cent of equilibrium 

amounts within three to five years. The rate of transfer of nutrients from litter to soil may be grouped into 

three categories, shown in Table 9. 

 

Table 9: The relative rates at which nutrients are transferred from litter to soil. 
 

Nutrient  Rate of transport from litter to soil  

K, Na Released rapidly (direct leaching by rain). 

Ca, Mg Released at similar rate to dry weight loss. 

N, P, S Release rate is less than dry weight loss. Litter contains a substantial proportion of total above 

ground stores. 
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Source of table: OôConnell and Grove (1996). 

 

There are a number of competing or opposing management issues associated with both high and low 

intensity fire outlined below. 

 

High-intensity fire: 

 facilitates regeneration of nitrogen fixing legumes 

 facilitates the establishment and/or release of the overstorey regeneration 

 consumes more ground stores and green material and volatilise a significantly higher proportion of 

nitrogen 

 may increase the damage to timber values of trees 

 may increase the rate of hollow formation in trees and also the loss of hollow-bearing trees 

 will increase the risk of erosion in vulnerable soils 

 may significantly affect water quality 

 increases the loss of habitat elements especially logs and dry trees 

 cause major impacts on biodiversity if high intensity fire is on a large-scale because of the scale of 

disturbance and the homogeneity of the burnt area 

 may increase losses of some species due to predation and loss of habitat. 

 

Low-intensity fire: 

 Burning following timber harvesting makes nutrients available for regeneration. 

 Burning litter following timber harvesting reduces the risk of high intensity fire that may damage 

trees. 

 Maintains biodiversity by reducing the scale of disturbance and maintaining heterogeneity in the 

burnt area. 

 

The interaction of these and many other factors needs to be considered to determine the implications for 

management. 

 

1.6 Soil salinity 

Although salinity is often viewed as an issue affecting cleared agricultural land, managed forests are also at 

risk of developing or being affected by soil salinity, particularly where there is cleared agricultural land 

within the catchment. The management of native forests is largely concerned with the control of 

groundwater levels. Details on this may be found in the water section. 

 

1.7 Acid sulfate soils 

Some areas, particularly near the south and west coast are known to contain acid sulfate soils. Acid sulfate 

soils are the common name given to naturally occurring sediments and soils containing iron sulphides. 

Where these soils occur, there is a risk that management activities may cause on-site or off-site effects. The 

activities that are more likely to have environmental impacts include those which either cause a sustained 

lowering of the water table, or where acid sulfate soil is excavated and exposed to oxidation (such as road 

cuttings, de-watering, trenching or extraction of basic raw material). The effects on water from acid sulfate 

soil include significant pH reduction, increased salinity and an increase in dissolved heavy metals. 
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Where acid sulfate soils occur, the best strategy is to avoid disturbance. Where this is not possible, specific 

management practices are required to reduce the risks. In some cases a management plan for acid sulfate soil 

may be required. 

 

1.8 Soil contamination 

Soil contamination has the potential to lead to the contamination of water. Potential contaminants from 

forest operations are hydrocarbons (diesel, oil and lubricants) and pesticides. Pesticides are applied for a 

range of purposes, including silvicultural treatments, fertiliser, treatment of disease, fire management and 

suppression, and for the control of weeds. Hydrocarbon spills are generally limited to small areas due to 

accidental spills during the re-fuelling of machinery and the periodic failure of hydraulic hoses. The best 

approach to managing contamination is a sequence of considerations designed to help manage impacts, 

which includes (in order of preference) avoid, minimise, rectify, reduce and offset. 

 

1.9 Rehabilitation of soil compaction 

Natural recovery from severe soil compaction is very slow. The primary natural method of repair is by 

biological activity (roots, soil flora and fauna). Recovery may take as little as 20 years for light damage at 

shallow depth, but more typically tens to hundreds of years depending on soil type, vegetation, moisture 

conditions, depth of the compacted layer and degree of compaction. Remedial treatments are designed to 

facilitate the onset of the biological processes of repair. 

 

Protecting and conserving the topsoil during operations will significantly improve the soil structure and 

revegetation of disturbed sites. Areas which have had soil damage need some of their structure and nutrients 

returned to enable soil processes to commence and ensure sustainable revegetation. 

 

Scarification and ripping are remedial treatments used to reduce the detrimental effects of compaction on 

plant growth and soil organisms. Scarification improves the aeration and drainage of the soil surface and is 

used to create a favourable seed bed for seed which is either broadcast or falls naturally from the 

surrounding forest. Ripping is used to improve aeration and infiltration. While ripping and scarification 

assist the biological processes required for long-term rehabilitation, they are not an immediate cure for the 

structural damage. 
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2 Conservation of water values 
 

Rivers, streams, and wetlands provide important services to the community. They supply water for drinking, 

irrigation, industrial and mining use and are a very important part of the landscape for biodiversity. Rivers, 

streams and wetlands provide important drainage services to the landscape while supporting productive 

fisheries and providing recreational opportunities. They also create and support the environment in which 

we live, including visual, social, cultural and spiritual values. In addition to surface water, the groundwater 

systems underneath the forest are an important part of the ecosystem. In south-west Western Australia, 

groundwater may be closely connected to rivers, streams and wetlands. The management of groundwater is 

integral to environmental management. 

 

This section covers the values of water that will be actively managed. 

 

2.1 Ecological values 

2.1.1 Aquatic biodiversity 

Biodiversity is the variety of species in an environment or ecosystem. The diversity of aquatic life is an 

important value that is linked to the ability of a waterway to be stable and provide ecosystem services. The 

types of aquatic life in waterways of the south-west is unique and ranges from tiny aquatic plankton, small 

invertebrates and fish, and larger creatures such as frogs, tortoises, snakes, waterbirds and water rats. 

 

The main cause of biodiversity decline within aquatic systems is the loss of habitat. Important elements of 

habitat include food source, light, exposure, flow regime and depth. 

 

Possible threats to aquatic biodiversity include a declining rainfall trend, increased domestic and 

commercial extraction of water, increasing salinity, recreational use, rising groundwater, high levels of 

nutrients and fragmentation due to clearing. 

 

Some of the factors with potential to contribute to decline in aquatic biodiversity in the forest landscape 

include: 

 loss of fringing vegetation 

 stream sedimentation, erosion and siltation from roading, harvesting and overland flow 

 structures such as stream crossings, culverts and water-points that alter stream flows and create 

barriers to fauna movement 

 salinisation of water from short term rises in the groundwater table 

 contamination by hydrocarbons from activities of refuelling and servicing of machinery, use of 

pesticide and fertilisers. 

 

2.1.2 Stream vegetation 

Stream vegetation is the vegetation that occurs in and around rivers, streams and wetlands. It is often 

referred to as fringing vegetation. In addition to its biodiversity value, the physical and chemical stability of 

aquatic systems is highly dependent on the presence of intact and continuous fringing vegetation. Where 

fringing vegetation is lost, bank instability and an escalating process of erosion, sediment input and weed 

infestation commences. Some of the important functions of fringing vegetation are listed in Table 10. 
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Table 10: Important functions of fringing vegetation. 

Function Description 

Corridors for 

movement 

Intact fringing vegetation provides corridors along which animals such as frogs, 

tortoises and crustaceans can move. 

Filters Vegetation has a protective role in filtering sediment and nutrient that may 

otherwise enter rivers, streams and wetlands. Dissolved nutrients (especially 

nitrate) are readily taken up by plants. Fringing vegetation also slows the rate of 

flow in the stream channel thus decreasing erosive potential. 

Food Leaves, twigs and woody debris are the main source of energy, carbon and 

nutrients for the aquatic ecosystem. 

Habitat Branches and litter provide shelter and micro-habitats for a large range of aquatic 

animals. The tannins released from degrading plant material reduce light 

penetration and hide animals. Coarse woody debris greatly increases the extent and 

diversity of habitat and also influences flow and increases variation in the range, 

depth and velocity of water. 

Landscape value Fringing vegetation enhances visual amenity. 

Stabilisation Vegetation helps maintain stream bank integrity by protecting soil against erosion 

and subsidence. 

Shade Shade helps to protect animals from predators, provides refuge during summer 

heat, and reduces the growth of aquatic plants and algae. 

 

2.2 Water quality 

2.2.1 Stream sediments and erosion 

A river or stream is in equilibrium when erosion and deposition (sedimentation) are in balance. Stream 

systems can be thrown out of equilibrium when the supply of sediment from their catchment increases. 

Conversely, a channel may be starved of sediment (for example when a tributary is diverted or cut off), 

leading to channel incision and subsequent widening through bank collapse. 

 

Sediment accumulation can deflect flow into the stream bank causing increased erosion. It can also retard 

stream flow and cause increased flooding risk further upstream. Large slugs of sediment may cause lateral 

erosion of the channel, which becomes broader and shallower. Fine sediment in suspension (turbidity) is 

able to block out light and reduce photosynthesis of aquatic plants and algae. Suspended sediment increases 

the erosive power of a stream on the floor and bank, and can damage the fine gills and mouth parts of 

invertebrates and the gills of fish. The rate at which material is broken down is slowed by sediment 

smothering organic material on the stream floor and reducing oxygen to detrital processors. Suspended 

particles absorb heat, so water temperature rises faster in turbid water than it does in clear water. Warm 

water holds less dissolved oxygen than cold water, so the concentration of dissolved oxygen decreases in 

turbid water. 

 

Sediment has a range of damaging effects on river infrastructure. For example, it can fill culverts, erode and 

undercut structures and reduce water point capacity. Where undercutting of stream banks occurs, whole 

trees may fall into the channel. In times of flood, these increase damaging effects when they pile up against 

bridge pylons, culverts or submerged objects. Where a stream is lined with vegetation the energy of water 

entering via surface flow is dissipated, reducing erosion and promoting the deposition of sediments. The 

result is that the water leaving the catchment is filtered. Where fringing vegetation is not maintained and 

disturbance activity in the forest creates flow, turbid water carrying sediment may be able to enter the river 

or stream system. The increased flow and sediment promotes erosion of streamline and scouring of the 

stream bed. 

 

The banks of a river or stream are more likely to subside or erode when they are saturated. Intact stream 

reserves of fringing vegetation help to avoid saturated conditions and also stabilise soil with root and 

rhizome systems. 
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Increased sediment concentration (mainly fine particles causing turbidity) is a potential side effect of forest 

management activity on aquatic systems. The type, depth, location and periodicity of sediments have a 

significant effect on the aquatic biota that inhabit these substrates. Activities that can impact on turbidity 

and sediment load are described in Table 11. 

 

Depending on the nature of soils and the extent of erosion contributing to sedimentation, there will be a mix 

of coarse and fine particles entering the waterway. Finer particles are usually carried downstream and are 

associated with turbidity. Coarser particles are heavier and generally rolled along the stream bed and can 

cause the filling of natural pools along the river or stream, smothering habitat along the way. The effect of 

sedimentation and turbidity are summarised in Table 12. 

 

Table 11: Activities that impact on turbidity and sediment load. 

Activity  Description 

Harvesting  

 

Under natural conditions in forested catchments, very small volumes of 

surface water move slowly over the land surface, carrying very little 

sediment and only during heavy rainfall events. The majority of stream 

base-flow actually enters via groundwater in the lower reaches of the 

catchment. Following timber harvesting and silvicultural burning, there 

may be increased potential for larger volumes of water to move faster and 

carry more sediment. 

Roads and vehicle movement 

 

Unsealed roads and highly trafficked areas have the capacity to generate 

turbid (cloudy) water. As roads are compacted surfaces, most of the rain 

that falls on them is converted to overland flow. The potential for unsealed 

roads to generate turbid water increases with the number of vehicle passes 

and their loads and is related to moisture and the type of clay present. The 

most common cause of turbid water entering streams is where features such 

as roads or extraction tracks concentrate overland flow which is not 

subsequently dissipated in small regular volumes over stable land surfaces. 

Clearing or disturbance of 

fringing vegetation 

 

Fringing vegetation has an important role in reducing sediment load to 

rivers. In these areas, surface flow is slowed and filtered, allowing 

suspended sediment loads to settle out before entering waterways. This 

filtering effect can be disrupted where fringing vegetation is cleared or 

disturbed. The risk is increased where vehicle tracks concentrate overland 

flow and directly cross the fringing vegetation into streams. 
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Table 12: The effect of changes to sedimentation and turbidity on ecosystem elements and functions. 

Element or functions Effect 

Habitat Even small amounts of sediment can change the nature of the stream floor which 

makes it more or less suited to particular invertebrates. Increased sediment can 

affect suitability of the stream bed for egg laying by fish or other aquatic 

organisms. Sedimentation can affect river pools which are the only summer 

refuge available for many aquatic species and therefore essential to the 

maintenance of some populations. 

Stream flow and 

channel structure 

Sediment accumulation can deflect flow into the stream bank causing increased 

erosion. It can also retard stream flow and cause increased flooding risk further 

upstream. Channel may become broader and shallower when large slugs of 

sediment cause lateral erosion. 

Light penetration Fine sediment in suspension is able to block out light and reduce photosynthesis 

of aquatic plants and algae. 

Abrasiveness Suspended sediment increases the erosive power of a stream on the floor and 

bank and can damage the fine gills and mouth parts of invertebrates and the gills 

of fish.  

Rate of organic 

breakdown  

The rate at which organic material is broken down is slowed by sediment 

smothering organic material on the stream floor and reducing oxygen to detrital 

processors. 

Damage to 

infrastructure and 

resources 

Sediment has a range of damaging effects on infrastructure such as filling 

culverts and undercutting structures.  

Temperature and 

oxygen 

Suspended particles absorb heat so water temperature rises faster in turbid water 

than it does in clear water. The concentration of dissolved oxygen decreases in 

turbid water with the increasing temperature. 

 

The risk of sedimentation and stream erosion will vary according to: 

 the slope and erosion potential of forest land 

 the type of clay present (dispersive vs. stable) 

 the nature and materials of road construction and associated structures designed to manage surface 

water 

 management of surface water in harvested areas 

 integrity of fringing vegetation 

 intensity and load of vehicle movement 

 moisture status 

 high input areas ï haul roads, snig tracks and landings 

 structures or management activities close to the stream channel have a greater potential to cause 

damage 

 bridges, weirs, water points and other structures can increase the risk of erosion depending on how 

they are designed and placed in the stream zone 

 high risk activities such as downhill snigging on steep land 

 maintenance of structures designed to manage surface water such as culverts. 
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2.2.2 Salinity 

Studies into the effects of forest management on hydrogeology indicate that salt input into streams can occur 

when the leaf area of a forest is reduced and a saline groundwater is close to the soil surface. Salt input only 

occurs if groundwater rises to the extent that it makes a significant contribution to streamflow. This salinity 

risk is driven by a combination of factors including the patterns in mean annual rainfall (which decreases 

from near 1400 milli metres in the west and south to 700 milli metres further inland), mean annual 

evaporation (which increases from south-west to north-east), streamflow quantity (which decreases strongly 

from west and south to east and north across the forest), soil salt storage (which increases from west and 

south to further inland), groundwater salinity (which increases from west and south to further inland), depth 

to groundwater (which increases from west and south to further inland) and topography (with steeper slopes 

in the west and south and more subdued slopes further inland) (Shea and Herbert 1977, Schofield et al. 

1989). 

 

Operational controls that are effective in managing salt risk during timber harvesting are to not log all the 

area at once (phased harvesting), to control the level of cut (basal area limitations) and to protect stream 

zones from timber harvesting. The high rainfall zone (> 1100 milli metres per year) has a low risk of stream 

salinity because the storage of salt in the soil profile is low. The intermediate rainfall zone (1,100ï900 

milli metres per year) has a higher risk of stream salinity due to the groundwater level which may be in reach 

of the soil surface following timber harvesting and where salt storage in the soil is moderate. The low 

rainfall zone (< 900 milli metres per year) has a lower risk of stream salinity than the intermediate rainfall 

zone, despite the high salt storage in the soil profile, because the groundwater is too deep to reach the soil 

surface following timber harvesting and regeneration. 

 

A summary of the current knowledge regarding the effect of timber harvesting on stream salinity is given 

below: 

 Increases in groundwater levels of up to four and a half metres in high (greater than 1,100 

milli metres mean annual rainfall) and intermediate rainfall zones (900ï1,100 milli metres mean 

annual rainfall), and one metre in the low rainfall zone (less than 900 milli metres mean annual 

rainfall) following intensive harvesting and regeneration in the 1970s and 1980s. 

 More recent catchment experiments found no increase in groundwater level in the intermediate 

rainfall zone following timber harvesting. 

 Increases in stream salinity have been greatest from catchments without stream buffers or phased 

harvesting. 

 Return to pre-harvest conditions is expected to take 10 to 15 years, depending on regeneration. 

 The potential for increases in stream salinity resulting from timber harvesting is greatest in the 

intermediate rainfall zone due to the possible shallow depth to groundwater and the high soil salt 

storage. 

 

2.2.3 Nutrients and other contaminants 

Under natural conditions, the river systems of south-western Australia function on very low nutrient levels 

and no significant input of contaminants. Most nutrients are naturally derived from the fringing vegetation 

together with a small contribution from overland flow. Nutrients are cycled within and between the plants 

and animals of the aquatic ecosystem, gradually passing downstream and into estuaries or the ocean. 

Nutrients and contaminants may be stored or tied up for considerable periods of time in sediments at the 

bottom of lakes or pools. Because the ecology of streams and rivers operates on very low nutrient levels, it is 

sensitive to changes that may be induced by forest management. Contaminants posing risks to water values 

include petroleum, hydrocarbons, toxic metals, surfactants, disinfectants, litter and oxygen scavengers and 

inputs which change the pH of the water. 

 

Broad-scale forest management has a lower potential to impact on stream nutrient levels when compared to 

agriculture, horticulture, mining and industrial uses. However, without management, certain activities have 

the potential to alter levels enough to affect the ecology of stream environments. The input of additional 
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nutrients and contaminants into river systems usually occurs through surface flow, although groundwater 

may also be a source in some cases. Nutrients and other contaminants may be in solution or attached to 

particles of clay or organic matter. As water is required as a major vector for transport, the control of water 

movement over land is an important factor to consider. 

 

A point source is where nutrients or contaminants are concentrated in a defined area. Examples of point 

sources include rubbish tips and waste dumps, septic tanks, log stockpiles, buildings, storage areas and 

spillage of fuels, oils or other chemicals. The risk of contamination from point sources increases with 

proximity to waterways, as well as the volume of product and overland flow involved. The type of product 

(how mobile or how concentrated it is) is also a factor. 

 

Where it is unavoidable to have point sources of potential contamination in proximity to waterways, the risk 

of causing damage can be assessed and managed by siting appropriately according to landscape and soil 

type, by building structures to defined standards and operating to defined procedures. 

 

Diffuse sources of nutrient or contaminant are those that occur over a broad area. They are generally lower 

in concentration compared to point sources. Examples of diffuse sources include ash following a burning 

event or a sheet erosion event that occurs on a slope following a summer thunderstorm. The risk of input 

from diffuse sources often depends on how well the vector of transport (usually water) is managed. 

 

Examples of high risk situations include: 

 heavy rainfall on a steep, recently harvested forest coupe that has been recently burnt and where 

soils that are susceptible to erosion 

 roads running down a long slope where structures designed to manage surface water are not in place 

 a landing sited on clay soils adjacent to a stream reserve. 

 

2.2.4 Acid sulfate soils 

Acid sulfate soils are covered in Section 1.7. In some soil landscapes the activation of acid sulfate soils has 

the potential to cause serious contamination of water and aquatic ecosystems. 

 

2.3 Water quantity 

An emerging issue relevant to the protection of wetlands, streams and the aquatic ecosystem within forested 

catchments is the impact of a drying climate. Recent monitoring indicates that it requires a greater depth of 

rainfall than previously before seasonal streams flow, and they are flowing for a shorter period. Also, some 

perennial streams are now ceasing to flow on occasions (for example, the historically perennial Wungong 

River ceased to flow for 15 weeks in 2007). Groundwater monitoring is also reflecting this drying trend. 

Records from monitored bores within the forest are showing sustained falls of two to four metres (and 

greater) over 10 years. The management of fire and silvicultural treatment are two of the main tools 

available to forest managers to influence forest water balance. 

 

Thinning of the forest in some high rainfall experimental studies (Bari and Ruprecht 2003) indicates the 

potential to significantly increase streamflow. Maximum increases ranging from eight to 18 per cent of mean 

annual rainfall (90 to 200 milli metres) have been achieved by forest thinning, depending on the level of 

reduction of vegetation cover and catchment characteristics. Increased water yields are transient and usually 

return to pre-harvest levels after around 12 to 15 years, although this may be extended to 25 years by control 

of coppice regeneration. The increase in yield is generally greater for higher levels of annual rainfall and 

higher intensity of forest thinning. The increase is dependent on the effectiveness of the control of 

regeneration. 

 

There is the possibility that at certain stages the regenerating forest could use more water than the 

established mature forest. These trends have been observed in water catchment areas in Victoria and New 

South Wales. These trends are summarised in Australiaôs State of the Forest Report 2008 (Montreal Process 

Implementation Group for Australia 2008). In New South Wales, the results of research based on three long-
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term hydrological studies in three forest types have been published in recent years (Lane and Mackay 2001, 

Cornish and Vertessy 2001, Roberts 2001). The studies all found an increase in water yield after timber 

harvesting. The increase persisted for at least three years, after which yield briefly returned to pre-harvest 

levels before progressively declining by up to 20 per cent of pre-harvest yield at 16 years post-harvest. This 

relatively low decrease in water yield is expected to level out as the regenerating forest reaches about 20 

years post-harvest and then to increase gradually as the forest matures and growth rates (and therefore water 

use) decline. This conclusion is supported by earlier work in Eucalyptus regnans forest in Victoria, which 

showed that sapwood area and hence growth rates and water use declined with age (Roberts et al. 2001). 

 

In summary, the practices likely to affect water yields from forests include the timing, scale and spacing of 

timber harvesting, thinning or clearing; fire management and modifications to rotation length. 

 

2.4 Water for human consumption 

2.4.1 Public drinking water source areas 

Public drinking water is obtained in approximately equal proportions from groundwater and surface water 

sources. Both surface water and groundwater catchments are under pressure from competing uses. Crown 

land provides an important source of drinking water. It is recognised that there is an important balance 

between ensuring water resources are conserved and the need for the quality to be protected. 

 

The protection of proclaimed Public Drinking Water Source Areas (PDWSA) relies on statutory measures 

largely available through the Country Areas Water Supply Act 1947 (CAWS Act) and the Metropolitan 

Water Supply, Sewerage, and Drainage Act 1909 and the associated by-laws. The objective of the 

legislation is to prevent deterioration of the water quality, control development and regulate the transient 

activities of the public in surface water catchments. The specific requirements for each PDWSA are 

provided in drinking water source protection plans. The areas may have been proclaimed as Water Reserves, 

Catchment Areas or Underground Water Pollution Control Areas. PDWSA proclaimed under the CAWS 

Act may control the removal of indigenous undergrowth and trees. Proponents that work on DEC-managed 

land who remove indigenous undergrowth and trees may be required to obtain a licence from the 

Department of Water. 

 

The PDWSA are divided into three priority classification areas with different land use compatibilities. 

Activities within a PDWSA are regulated according to risk and impact. Some of the activities that 

potentially relate to forest management include pesticide use, fertiliser application, harvesting, roading, 

management of surface water and waste management. Requirements in relation to priority classification in 

PDWSA are shown in Table 13 below. 

 

Table 13: Priority level requirements in Public Drinking Water Source Areas. 

Priority level Requirement 

Priority 1 (P1) These areas are managed to ensure no degradation of the drinking water source. The 

guiding principle is risk avoidance. P1 areas normally encompass land owned or 

managed by State agencies but may include some private land. Most land uses create 

some risk to water quality and are therefore deemed incompatible with P1 areas. 

Timber harvesting is deemed compatible provided best environmental management 

practices are used. This may result in specific conditions on pesticide and fertiliser 

use through planning or environmental approval processes. 

Priority 2 (P2) These areas are managed to ensure there is no increased risk of water source 

contamination/pollution. The guiding principle for these areas is risk minimisation. 

Timber harvesting is deemed compatible provided best environmental management 

practices are used. This may result in specific conditions on pesticide and fertiliser 

use through planning or environmental approval processes. 

Priority 3 (P3) These areas are managed to manage the risk of pollution to the water source from 

catchment activities. This is achieved through guided risk management for land use 

activities. Timber harvesting is deemed acceptable activity in these areas. Pesticides 

are controlled by general restrictions specified by the Health Department to all 
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priority areas. 

Unassigned These areas have not yet been classified to a priority area. The óLand use 

compatibility in PDWSA ï Water Quality Protection Noteô provides an assessment 

that allows users to determine which priority level the area should be managed to 

while still unassigned. Under this assessment DEC-managed land needs to be 

managed in accordance with Priority 1. 

 

In addition to the three Priority Classification Areas, specified protection zones are defined to protect 

drinking water sources form contamination in the immediate vicinity of water extraction facilities. Within 

these zones by laws may prohibit, restrict or approve defined land uses and activities to prevent water source 

contamination or pollutions. Special conditions such as restrictions on storage and use of pesticides apply 

within these zones. The types of zones are shown in Table 14 below. 

 

Table 14: Protection zones in Public Drinking Water Source Areas. 

Protection zones Description 

Wellhead Protection 

Zones 

Wellhead Protection Zones are used to protect underground sources of drinking 

water. They are usually circular with a radius of 500 metres in P1 and 300 

metres in P2 and P3 areas. Wellhead Protection Zones do not extend outside 

PDWSA boundaries. 

Reservoir Protection 

Zones or Prohibited 

Zones (as they are called 

in the by-laws) 

Reservoir Protection Zones are used to protect above-ground sources of water. 

There is a statutory two-kilometre-wide buffer area around the top water level 

of storage reservoirs. Public access is prohibited in Reservoir Protection Zones 

to prevent contamination of water from physical, chemical or biological 

contamination. 

 

Public Drinking Water Source Areas may be harnessed or unharnessed. Harnessed catchments are those 

currently being used for consumption. Unharnessed catchments are not currently being used for 

consumption but status may change at any time in the future. The same management restrictions apply for 

both harnessed and unharnessed catchments. However, the management of turbidity issues becomes more 

critical on harnessed catchments while contamination of soil and water is also important. 

 

There are three main types of contamination that may adversely impact drinking water quality. 

Microbiological contamination is often associated with faecal material from humans or domestic animals. 

Contamination may potentially arise from fuel spills, pesticides or fertilisers. Physical contamination 

includes turbidly from erosion and overland flow from unsealed roads, reservoir banks and disturbance to 

soil surrounding reservoirs. Of all contaminants, pathogens pose the most significant risk to public health. 

 

The risk of contamination is minimised and the level of treatment required is reduced by protecting drinking 

water at the source. Preventing contamination at the source of water provides greater surety than removal of 

contaminants by treatment. The other major influence on quality is salinisation which is discussed in Section 

2.2.2. 

 

The Water Corporation is currently compliant with Australian Drinking Water Guidelines 1996 (National 

Health and Medical Research Council 1996) and is implementing the requirements to meet Australian 

Drinking Water Guidelines 2004 (National Health and Medical Research Council 2004). These documents 

specify the quantities of contaminants and salinity required to meet drinking water standards. 
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4 Glossary 
 

Term Definition 

Annual exceedence probability  The probability that a given rainfall total accumulated over a given duration will be 

exceeded in any one year. 

Average recurrence interval The average, or expected, value of the periods between exceedances of a given 

rainfall total accumulated over a given duration. 

Brushing A dense thick layer of small diameter log, branch and woody understorey material 

that is randomly laid to form an interlocked mat and distribute vehicle load over a 

wide area. 

Clay A soil texture class consisting primarily of fine grained minerals less than 0.002 

milli metres in diameter, which is generally plastic at appropriate water contents and 

will harden when dried. 

Compression Packing resulting from a vertical force from wheels or tracks 

Coupe  

 

An area of forest that is planned for timber harvesting as a single unit. It may 

contain more than one silvicultural objective, such as a number of discrete gaps or 

clearfells or a combination of both. 

Cording/corduroy  

 

Corduroy, or cording, is round or split log material that is closely and continuously 

laid at right angles to the direction of the extraction tracks, or placed on landings, 

to distribute the vehicle load over a large area and reduce soil compaction, mixing, 

and rutting. 

Disturbance  

 

Any range of conditions affecting the condition of a natural area. Disturbance may 

be natural (e.g. fire) or human induced (e.g. timber harvesting). 

Erosion The wearing away of the land surface by rain, running water, wind, ice, gravity, or 

other natural or anthropogenic agents. 

Eutrophication Artificially high nutrient levels in a stream or water body. 

Extraction track  

 

A track along which logs are pulled or carried from the felling point at the stump to 

a landing or point of loading. 

Forwarder  A self-propelled vehicle, usually self-loading, that is used to extract logs by 

carrying them completely off the ground, usually in a bunker behind the cabin. 

Free water Free water is defined as any puddles or overland flow anywhere in the fellerôs 

block, but in particular on the extraction track.  

Gouge See ólog gougeô. 

Gully erosion The removal of soil in large channels more than 30 centimetres deep. Gullies are 

typically steep sided and have branches. Gully formation occurs as a result of 

overland flow or a combination of overland flow and seepage. 

Habitat  The set of conditions required for a population to effectively survive. 

Headward erosion Gully or rill enlargement in an upstream direction due to incision by concentrated 

overland flow and the formation of a waterfall and splash pool. The action of water 

at the waterfall and splash pool will lead to undercutting and slumping of the gully 

head. This type of erosion is commonly associated with roadside table drains and 

culverts. It is an indicator of potential rapid escalation of damage, and should be 

addressed promptly. 

Intermediate rainfall zone Areas receiving between 900 and 1,100 milli metres of mean annual rainfall. 

Inter -rill erosion See ósheet erosionô. 

Landing A cleared area in the forest to which logs are yarded or skidded for loading on to 

trucks for transport. The landing is considered to be the area where there is 

repeated vehicle movement and/or severe soil disturbance resulting from the 

movement or stockpiling of logs. 

Litter layer  The surface layer of the forest floor that is not in an advanced stage of 

decomposition, usually consisting of freshly fallen leaves, needles, twigs, stems, 

bark and fruit. 

Log gouge A furrow or depression in the soil caused by the action of dragging logs during 

extraction. Where they occur, they are generally found running down the centre of 

the extraction track. 
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Term Definition 

Lower plastic limit  The moisture content when soil changes from being brittle to plastic and is the 

minimum moisture content at which the soil can be moulded. It is also the 

maximum moisture content at which the soil is friable. In most soils it is at or near 

the upper limit of water storage (field capacity). Puddling begins to occur at the 

lower plastic limit. 

Low rainfall zone Areas receiving less than 900-milli metre-mean annual rainfall. 

Mass movement Includes slumps, earth flows, soil creep and landslides. Mass movement is a form 

of erosion where water is often involved but the primary agent of movement is 

gravity. It is most common in high rainfall areas on steep slopes with gradients in 

excess of around 27 per cent (15°), that have been cleared or had significant 

amounts of vegetation removed. 

Matting  Material such as bark or wood chips that is used to cover an extraction track or 

landing, whether by itself or in addition to cording, to reduce soil disturbance, 

improve trafficability or reduce unevenness of cording to improve operator 

comfort. 

Mitre drain A drain to conduct overland flow from table drains to a disposal area away from a 

road. 

Monitoring  

 

Regular assessment of a management program and of the resources being managed, 

checking that desired outcomes are achieved, and adjusting the plan where 

necessary. 

Mounding Heaping of the soil. This is caused by the movement and deposition of soil onto the 

ground, or by the upward movement of the soil due to pressure applied to the 

adjacent ground. 

Parent material The unconsolidated or less chemically weathered mineral material from which the 

soil horizons are developed by pedogenic processes. For the purpose of DEC 

assessment of soil disturbance, parent material is also considered as soil material at 

a depth greater than 50 centimetres below ground level. 

Peak flow The maximum flow through a watercourse which will recur with a stated ARI or 

AEP. The maximum flow for a given frequency may be based on measured data, 

calculated using statistical analysis of peak flow data, or calculated using 

hydrologic analysis techniques. Projected peak flows are used in the design of 

culverts, bridges, and dam spillways. 

Pedogenic process A pedogenic process is any chemical or physical process that contributes to the 

formation of soil through the break-down or combination of minerals and mineral 

material. 

Primary extraction track  The main extraction track that leads into a landing. 

Puddling The combination of water and repeated mechanical disturbance of soil, often as a 

slurry or under saturated conditions. Puddling breaks down natural soil aggregates 

and realigns soil particles, generally resulting in dramatically poorer aeration and 

drainage and exacerbating the effects of compaction. 

Rain Precipitation of liquid water particles, either in the form of drops of more than 0.5 

milli metres in diameter, or of widely scattered smaller drops. May be distinguished 

from drizzle by the fact that drops are scattered. Rain is associated with the 

following cloud types; altostratus, nimbostratus, stratocumulus, cumulus and 

cumulonimbus. Rain does not include drizzle or intermittent light showers. It does 

include persistent light showers, intermittent medium or heavy showers or more 

intense forms of precipitation. 

Rational method The rational method is a probabilistic or statistical method used in estimating peak 

flow (floods) for a given ARI in order to design surface water management 

structures. 

Rill erosion The removal of soil by overland flow in numerous small channels (rills) which are 

commonly around 5 to 10 milli metres deep but may be as deep as 30 centimetres. 

Rills typically form on cultivated or disturbed soils. Sandy soils are particularly 

prone to rill erosion. 

Ripping Mechanical penetration and shattering of soil, generally beneath the topsoil, for the 

purpose of breaking up compacted soil to facilitate penetration of plant roots and 

water. Ripping is usually undertaken using a winged-tyne mounted on the rear of a 

bulldozer. 
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Term Definition 

Rolling dip A trafficable dip excavated on a grade and with gentle side slopes to divert water 

off a track or road. Spoil is runoff downhill from the dip on gentler slopes or 

incorporated into side slopes of downhill bund. 

Rut A rut is a depression in the soil surface initially caused by the passage of vehicle 

tyres or tracks over the soil surface. Rut development may also involve the 

processes of soil removal, mixing and puddling. 

Rutting  A term given to the creation of depressed channels or grooves in the soil surface, 

usually by the action of vehicle tyres or tracks. Rutting involves the compaction 

and mixing of soil with the consequential loss of structure. Rutting may be caused 

by compaction of dry and damp soils, or by failure of soil strength in wet soil. 

Scalping Removal of a layer of soil. Typically caused by scraping of the soil surface. 

Scarification Loosening of the soil surface to assist germination and establishment of seedlings. 

Sheet erosion (Or inter-rill erosion) is the removal of a uniform layer of soil by raindrop splash 

and/or overland flow. No perceptible channels are formed and soil particles are 

either transported to rills, gullies and streams or moved further down-slope where 

they are liable to be displaced by subsequent erosion. 

Soil compaction The process by which soil particles are rearranged, resulting in a decrease in void 

space and causing closer contact with one another, thereby increasing bulk density. 

Soil compaction can result from applied loads, vibration or pressure from 

harvesting or site preparation equipment. Compaction can cause decreased tree 

growth, increased overland flow and erosion. 

Soil contamination Soil contamination is the presence of man-made chemicals or some other alteration 

in the natural soil environment which causes harm 

Soil damage An undesirable level of soil disturbance. 

Soil disturbance Any range of events affecting the condition of the soil in an area. Soil disturbance 

may be natural (e.g. fire) or human induced (e.g. timber harvesting) and may be 

beneficial (e.g. facilitating establishment of seedlings) or detrimental (e.g. causing 

compaction). 

Soil profile disturbance The mixing and/or removal of soil layers which may be caused by vehicle activity 

or the movement of logs. 

Soil disturbance categories Undisturbed ï characterised by an intact litter layer. 

Li ghtly disturbed ï characterised by the litter layer being disturbed or a light 

disturbance to the topsoil. 

Moderately disturbed ï characterised by the topsoil mixed with subsoil or the 

topsoil partially removed. 

Severely disturbed ï characterised by the topsoil completely removed and subsoil 

exposed or the topsoil mixed with subsoil, or the subsoil disturbed, or subsoil 

mixed with parent material or soil at greater than 50 centimetres deep, or the 

subsoil partially removed. 

Very severely disturbed ï disturbance that involves parent material or soil layers 

that are greater than 50 centimetres below the soil surface (excluding caprock), or 

meets any of the definitions of very severe soil disturbance in Appendix 3. 

Soil mixing A type of soil profile disturbance which occurs when soil horizons such as the 

topsoil and subsoil are mixed. 

Soil strength A measure of the capacity of a soil mass to withstand stresses without giving way 

to those stresses by rupturing (failing suddenly and quickly) or becoming deformed 

(failing gradually by compression). Soil strength is measured in megapascals (MPa) 

which indicate penetration resistance. 

Spreader (Sometime called catch drain.) A short section of bank constructed on a grade and 

diverting channeled flow of closed tracks, shallow gullies or gully fill. Structures 

are used to divert water to a safe disposal area. Often used with level sills at the 

discharge end. 

Streambank erosion The removal of soil from the banks of streams by the action of water or sediment 

flowing in the stream. It is usually most severe on outside bends during high flows 

as this is where energy is most concentrated. 

Subsoil The layer of soil below the topsoil, which is lacking in organic matter. It is 

typically a lighter colour than the topsoil and may also have a higher clay content, 

or be a clay layer. 
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Term Definition 

Surface water management The process of managing overland flow in such a way as to protect the environment 

and resources. 

Table drain A side drain of a road constructed adjacent and parallel to the roadôs shoulders. 

Thinning  A felling made in an immature stand usually for the purpose of improving the 

growth of trees that remain and encouraging regeneration without permanently 

breaking the canopy. Thinning can also have other purposes such as water 

production. 

Timber harvesting  The cutting, felling, and gathering of forest timber undertaken as part of a planned 

sequence of silvicultural activities including the regeneration of the forest. 

Topsoil The uppermost layer of soil beneath the litter that is darkened by the organic matter 

which has been incorporated into the soil and contains the majority of fine roots. 

Trafficability Index SDI 

(TI SDI) 

A predictor of the deficiency of soil moisture in a hypothetical soil profile having 

200-milli metre capacity. The predictor uses rainfall input, runoff, evaporation and 

transpiration by plants. The measure is zero when soils are at field capacity and 

2,000 when completely dry. 

Trigger values The concentrations (or loads) of the key performance indicators measured for the 

ecosystem, below which there exists a low risk that adverse biological (ecological) 

effects will occur. They indicate a risk of impact if exceeded and should ótriggerô 

some action, either further ecosystem specific investigations or implementation of 

management/remedial actions. 

Traverse culvert A culvert installed under a road or track to relieve flow in uphill table drains. 

Tunnel erosion (Or tunnelling) Occurs where sub-surface soil is less stable than the topsoil and 

removed by erosion while the topsoil remains intact (until the tunnel collapses and 

a gully is formed). Field and laboratory tests are available to detect the presence of 

unstable subsoil. 

Turbidity  Discoloration of water due to suspended solids, dissolved solids, chemicals, algae 

etc. 

Upper plastic limit  (Or liquid limit) is the moisture content at which the soil changes from a plastic 

solid to a viscous liquid. 

Wind erosion A type of erosion in which soil is detached and transported from the land surface 

by the action of wind. 

 

 


