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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 antl &irms the foundation for

life in terrestrial ecosystemSoil is formed over long periods of time from rocks and decaying plants and
animals.In their natural statehe particles that makep soil usuallypack loosely, forming a structure filled
with pore spaceslhere are a ramgsizes and shapes$the soil particles and the pore spaces between them
(Figure 1) The pores contain soil solution (liquid) and air (gas)well as being the habitat for a variety of
living creatures, such as bactefiangi, smaller insectandworms(Figure 2)

There are three main layers in most seilsich are commonlyeferred to asoil horizons A schematic
representation of the three main soil horizons is shown in Figufé&se are the topsoil, subsoil and the
parent material.Each horizon ha different characteristics. The properties of the different horizons
determine the characteristics of the soil suckisafertility or productivity and how well it regenerates after
disturbanceThe soils of the jarrah forest are characterised by adeeply weathed subsoil layer which

IS many metres deep.

Soil contains a diverse range bfing organisms Riota) including earthworms ants, beetles, termites,
spiders,nematodes, mites, centipedes, protozoassespacteria,actinomycetesggae, andungi. Thesoil
biota perform essential ecosystem processes, breaking dowmedisgtributing organic matter, cycling
nutrients,fixing nitrogenand aerating the soil. Without sdiiota, and the soil structure that supports them,
the forest ecosystem wigucollapse.

There are a number of potential threats to soil values that should be recognised during planning and
operational phases of forest managemdiite maintenance ofoil structure and the soil processes
responsible for nutrient cycling are fundamtal to forest health. The time taken to repair damaged soil is
longer tharmostplanning or operational timeframes. For this reason, soils are sometimes referred to as non
renewable resourceghe prevention of damage through planning and managemaefésgble to seeking a

cost effective cure after the damage has occurred.

The following section®f this chapteoutline key soil values and tipotentialthreats to these values from
timber harvesting and associafedest management activities. These:ar

e soil compaction

e other mechanical disturbance of soil

e soil erosion and surface water management

e soil nutrition

e soil salinity

e soil chemistry

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

Organic
5%

Mineral
45%

Figure 1:

Component Description

Mineral The mineral component reflects tl
rocks from which soil are formeq
Differentsized mineral particles, suc
as sand, silt, and clay, give soil i
textureand affect its chemistry

Organic The organic component is both Ii\
and dead.Fungi and bacteria hel
break down and cycle organic mati
in the soil.

Air The air in sd is important for
supporting plant and animal life.

Water Soil water supports the plants al
animals that live in soil. It is a solutio
that transports nutrients.

Figure 2: An exanple of the omposition of a dpsoil layer

components and their relative proportions.
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Layer Description

Litter Litter includes the decayed and partially decayed org
matter (humus) sitting above the mineral earth.

Topsoil | Topsoilis the uppermost layer of soil beneath the litter
is darkened by the organic matter which has |
incorporated into the soil. Topsoil is usually sandy or lo
in texture and contains the majority of fine roots.
thickness of the topsoil layer typicalivaries from only i
few centimetres up to 40cm

Subsoil |Subsoil is the layer of soil below the topsoil, which
lacking in organic matter. It is typically a lighter colour tf
the topsoil and may also hawgher clay content or be
clay layer.

Parent Parent materials the unconsolidated material from wh
material |the topsoil and subsoil have developed by pedog
processes. The predominant soils of the jarrah and
forest are very deep. The parent material is often
metres below the dosurfacesuch asmore than 10ndeep
Concreted laterite sometimes found near the soil surfg
not the parent material of the underlying soil.

Figure 3: Schematic representation of soil layers with a dpson of the characteristics of each layer.

For the purposes of managing soil disturbance during timber hiayestd associatedctivities, the soil
disturbance categories based on soil horizwasoutlined 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 f
topsoil

Moderately disturbed | Characterised by thipsoil mixed with subsoil or the topsoil partially remove

Severely disturbed Characterised by the topsoil completely removed and subsoil exposed
topsoil mixed with subsoil, or the subsoil disturbed, or subsoil mixed with p
material or soiht greater than 50cm depth, or the subsoil partially removed

Very severely disturbed| Disturbance that involves parent material or soil layers that are greate
50cm below the soil surface excluding caprock

Further information relating to the ueéthese 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
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1.2 Soil compaction

Compactim occurswhensoil is compessed, or subjestito some other physical force theatceeds the soils
strength andeduces the pore spaces between soil partitlk®n pore spaces are reduci densityof

the soil is increased his is measured and expressed asdhdk density (weight/volume) of the soilAny
mechanism that rearranges the soil particles to reduce soil pore space will increase the soil bulk density.
During timber harvesitg and associatedctivities,compaction ignost commonlycaused by the movement

of vehicles adlogsover the soil surfac@able2 provides a description @il compaction processes

Table 2: The main processes afoil compaction
Process Description
Compression Packing of the soil resulting from a vertical force froimesls or tracks
Shearing Deformation of the soil resulting from horizontal force such as spinning or sl
wheels or tracks
Smearing Realignment of soil particles in a thin layer from random to parallel orientatig
slipping tracks or wheels antiding logs.

From an ecological point of view, compaction is a damaging protassmnsequences of soil compaction
include:

e reduced pore size which diminishes the watading capacity of the soil, limits the flow of water
into the soil and limits thexchange of gases such as oxygen with the atmosphere

¢ reduced biological activity whicheducessoil permeability andffectswater relations, soil fertility
and nutrient cycling

e |ower biodiversity, particularly in microrganisms, fungi and invertebrates

e 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 asubsequent 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 structurecasésitde size of pores in the
soil (see Figuret).

A
Water
Sor/ /70r71/2/:5
Non - compocted
Figure 4: Schematic diagram showing thiéeets of compaction on pore size

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

soil microbes and invertebrates through the soil. The activity of soil fungi and-anganisms declines,
impacting soil processes such as the breakdown and incorporation of organic matter into the soil, nitrogen
fixing and nutrient cyclingWater 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 sail,
lowering forest productivity and potentially reducing biodiversity. @eereased infiltration rates can also
increase surface water pondimmddling, watetoggingandoverland flow potentially causing erosion and
increasing stream turbidity.
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The extentand depth of compaction damage sustained by a soil depends on a afifab&ns including:

A brief
below:.

121

physical properties of the saiparticularlythe particle sizes (soiéxture, bulk density and organic
matter content

soil moisture
the number of times a vehicle passes over the site
ground pressure of the machiy

operator skil.

description of the way each of these factors influences compaction isigisegtions 1.2.1 to 1.2.5

Physical properties

The physical propertiesf a soil can be used tondicateits susceptibility to compaction artd determine
how this may be managed. Tallelescribes howhe physical propertiesf soil are related toompaction

Table 3: Soil physicalpropertieghat affect compaction
Physical soil Description
factor affecting
compaction
Soil texture Gererally, very coarse textured soils such as sands and gravels are more res

compaction particularly when poorly gradeflow variation in particle size)Soils
with a range of particle sizes (well graded) are more susceptible to comp
particularly when they contain high amounts of fine sand and silt. Fine textured
(high in clayconten} are resistant to compaction when they are dry because
contain many very fine pores which are resistant to compression. However, cl3
become higly susceptible to compaction when they are wet.

Organic matter | Soils high in organic matter are more difficult to compact compared to soils wit

organic matter. Organic matter reduassceptibility tocompactbn by providing
resistance to deformaticand also by increasing the soils ability to rebound aft
compressive load.

Bulk density In general, soils with higher bulk density are more resistant to compadtiarever,

bulk density as an indicator of susceptibility to compaction should be wgkq
caution because it does not reflect the compressibility of a soil. For example
sandy soils have a naturally high bulk density, but a low compressibility. \
subject to load, these soils may exhibit a small increase in bulk density with &
increase in soil strength which can adversely affect root growth. Some clagusi
as those occurring iwandooforest have a relatively high bulk density, but w
become unsuitable for root growth following a very small increase in bulk de
abo\e natural levels.

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

The trafficability and compactiorrisk ( des cr i bed as in éommongfaesttsoilbtypdsiatey 6 )
directly related. Thiselationshipis illustratedfor soils ofthe southwest of Western Australian Table4
below.

Table 4: Trafficability and compatibility ofvarious forest soils from the soutvest of Western
Australia for combined texture and local soil groups.
Texture groupings Local soil groupings
Trafficability Compactibility P — ShTeaie
ur textu ix textu o
groups | Fivetexture groups groups Six soil groups |Eour soil groups
Excellent Low
Rocky orst Sand
Ocky orstony Loamy sand |Lateritic upland
sandgravelfduricrust Clayey sand
Lateritic upland
Upland sands,
Stony/ Blackwood
sandy |Shallowsandtementeq Sandy loam Plateau upland
layer Fine sandy loar
Deepsandygravel Liaht sandv cla Upland sands
Deepsands 9 Ioamy
Loam Shallowloamduplex
Shallowloamhardpan Loam
Deeploamduplex | oo fine sand  Blackwood |Red loams (kar
Loamyearths and Siltloam | Plateau upland loam)
gravels Sandy clay loar]
Sandy Earthysands
duplextlay | Shallow Sandy Duple Shallow to clay
loam Duplex Sandy Grave| Clay loam (duplex soils
Deep Sand Duplex | Silty clay loam| Red loams |under jarrah an
Fine sandy clay (karri loam) |karri, Blackwoo
loam Plateau shalloy
to clay)
Shallow to clay
_Sandy clay (duplex soils
S'lty clay loam under jarrah an
LiLLq[hr;gﬁliﬁm karri, Blackwoo( Clay (orange
Clay Clay 9 Plateau shalloy earths under
clay
to clay) wandoo)
Very poor Very high Medium clay g;ar)t/h(soLz;ndgeer
Heavy clay wandoo)

Sourceof table:SFM Technical Report No. 2Review of factors affecting disturbance, compaction and trafficability of
soils with particular reference to timber harvesting in the forests of swat Western Australia
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1.2.2 Soil moigure

Nearly all soils become increasingly prone to compaction as they become wetter. The strength of a soil can
decreasd 0to 100times when ibecomeavet. Water films are formed around each soil particle weakening

the bonds between them and reducingsthiés strength. Water also lubricates soil particldswdhg them

to slide together.

When soil is moist in winter and spring, soil strength is greatly decreased, and soil camgactsadly.

At this time of year soil compaction imostly influencedby soil moistureand the ground pressure of
vehicles is of less concernDuring winter and spring when soil is moistis mostimportantto manage
compaction byoperaing in drier or less susceptibleoil types. The moisture status of soil is usually
appaent through visual observation of how well it is holding up to heavy vehicle trifficalso posdile

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 oasuwhen soil is at or near its lower plastic limit.

e 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 awhich 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 sstilofMloe compaction occurs with the first
few passes. The general nature of this relationship is shown in Bigatew.

o

o ® O N B
P R T TR |

HiN

INCREASE IN BULK DENSITY (%)
(Average over O-20 cm layer)

N

1

T T T

T
0 5 10 15 20 20
NUMBER OF VEHICLE TRIPS

Figure 6: The effect of the number of vehigbasses on soil bulk density.
Source of pictureFroehlichet al (1980)

Figure6 is indicative of the general resporserepeated vehicle pass@$e 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 k& forestswith a range of soils and harvesting machin@khitford et. al. 2009)

In thejarrah and karrstudiesthe increase in bulk densityas primarily related to thital load of timber

hauled over the extraction trackandmuch of the total inease in bulk densitgccurred after relatively

little timber had been hauled over the extraction track.

For the purposes of managing saiimpactionduring timber harvest activities, DEC has determined default
ratings for soil disturbance based on ther&ichy of extraction track3hese ratings are shown in Table 5
below.
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Table 5: Soil disturbance categories used by DESed on extraction tratkerarchy

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.-IManual of Procedures for the Managemengofls Associated With
Timber Harvesting in Native Forests

Since the initial passes of machinery cause the geiatereases in soil compactiahemost effective way

of minimising the extent of soil compaction is toycing all machineryo work on tle minimum number of
tracks.A dherringboné 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 ccrogsing
tracks (Figure 8) multigithe area exposed to compaction during harvestingreraktraction of timber.

Figure 7: A derringboné extraction network is an efficient way to minimise the number of srack
used to extract logs.

Figure 8: Duplicate, parallel and crisgossing extraction tracks cause unnecessaniiplication of
disturbance.
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1.2.4 Ground pressure

Ground pressure mway of expressing thiorce applied to the solly a particulavehicleand is expressed
in kilopascals (kPa).The use ofvehicles with lower ground pressure can contribute to minimising
compaction. Howevetow ground pressureehicles do notprovide a solutiortio redudng the extenof soil
compactionThere are two aspeots compaction severiy and extent. Lower ground pressureehicles may
slightly decrease thgeverityof compactiorbut will not necessarilydecrease the extent of compacti®he
extent of disturbance will be affected by the width of the tratleel base of theehicles as wellas bythe
number of tracks anithe extraction track pattern.

Examples of typical ground pressures for harvesting equipment usedsioutiievestof Western Australia

are shown in Tablé below. The bearingapacityof a soilis expressed in kilopascalanging from low
bearingcapacity(40 kPg to high bearingcapacity(more than80 kPg. To minimise the risk of damaging

soil, the ground pressure e¢hicles can be matched to the bearing capacity of the soils they are operating
on. This theoretical propadon should be used as a starting point fahicle choice but must be
supplemented by field observation of soil disturbance. For examatketlvehicles generally distribute
ground pressure better than wheelethicles but have the disadvantage of siag scalping and mounding

of the surfaceoil when the vehicle turns

Table 6: Indicative ground pressures timber harvestingequipment used inhe southwest of
Western Australia

Vehicle type Application Wheeled Approx. loaded
or tr acked ground pressure
(kPa)

Skidders Snigging Wheeled 255
Loader Landing loader Wheeled 310
@Barkmat® Loads/docks Tracked 40 (unloaded)
Harvestefi 27 t Harvestingmmature trees Tracked ~70
Harvestefi 45t Harvesting mature trees Tracked 70
Forwardern(6 whee) Carrying out small logs Wheeled ~360
Forwarden8 whee) Carnying out small logs Wheeled 360

Sourceof Table SFM Technical Report No. 2Review of factors affecting disturbance, compaction and trafficability
of soils wth particular reference to timber harvesting in the forests of st Western Australia

Ground pressure may be reduced by usimgliog, matting and brushin@hese treatmentsave been used
when soil is moist iran attempt to reduce soil disturbanog harvestingsehicles. The materialspread the
ground pressure of tHearvestingvehicles and separate the soil surface from the tyres and trackehafies
on extraction tracks and landings. The materials can be used individually or in combination.

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

e Brushingis a dense thick layer of small diameter log, branch and woody understorey material that is
randomly laid to form an inteycked mat and distribute vehicle load over a wide area. Brushing is
commonly used in karri thinning operatio(iSgure 9) A dense, even cover of brushing has been
shown to effectively reduce soil damage (compaction, mixing, and rutting) in other fgpest t
(Woodet al. 2003; McDonald and Siexas 1997).

e 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 distributhitie 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 (Whéfald2009), and

can have significant benefits is preventing rutting Geation 1.3.2 below)However, he 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 perspectitas ialmost always best to harvest theegirat times when the soil is
dry, and cording, brushing and matting are not necess@aoyding, brushing and mattingan also have
benefits in terms of reduced rutting (setion 1.3.2 below).

Figure 9: Brushing with tops ahthinnings waste is successfully used in karri thinioperations
to protect extraction tracks and reduce the incidence of rutting.

1.2.5 Operator skill

Redudng the static ground pressure @€hicles will not automatically lead to reduced soil impacts. Other
factors to consider include theshicle configuration é.g. articulated ersis skid steering) and the way in
which they are operate8killed machine operators are highly valued for their role in increasing operational
efficiency and minimising soil dameagThe groundoressure shown in Tabl€ aboveincreasesignificantly

with the skidding, bouncing, spinningnd twisting actions of loaded/ehicles. Smoothvehicle operation
plays an important part in reducing these actions as well as minimising opdratiaimenance, repair and
rehabilitationcosts

1.3 Other mechanical disturbance of soil

In addition to compactigrthere are several othgrpes ofmechanicaldisturbancethat may be caused by
vehicleactivity or the movement of logs during timber harvestifihe other typesonsidered in this section
areshown in Tabl€.
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Table 7: Types of mechanical disturbanagsoil.
Disturbance Description
Soil profile disturbance Involvesthe mixing and/or removal of soil layers which may daused by

vehicle activity or the movement of logs. Soil profile disturbance oc
when soil horizons such as the topsoil and subsoil are nibgather by
mechanical action

Rutting This is a term given to the creation of depressed channels or gindhes
soil surface, usually by the action of vehicle tyres or tragkstting
involvesthe compaction and mixing of soil with tltensequential loss ¢
structure. Rutting may be caused by compaction of dry and damp sqg
by failure of soil strengtmiwet soil.

Puddling Describes theombination of water antepeatednechanicabisturbance ol
soil, often as a slurry or under saturated conditi®ugldlingbreaks down
natural aggregateand realigns soil particles, resulting in dramaticq
poorer aeation andnfiltration and exacerbating the effects of compactiq
Scalping The removal of a layer of soil that is typically caused by the scraping (
soil surface e.ggouges from dragging logs during extraction.

1.3.1 Soil profile disturbance

Soil profile disturbancehanges the physical, chemicandbr biological properties of a soil. Bulk density is
increasedvhen subsoilis exposed and ganic matter igemovedor redistributedPorosity and saturated
hydraulic conductivity araisually reduced which causes a reduction in drainage and biological activity
Fertility is reduced where organic matter, soil organisms and topsoil are buried or re®oWgatofile
disturbance isan important factorin determining how susceptibleto erosion a soil becomesditex
disturbance

The type and severity doil profile disturbance is dependent on the type of machinery or vehicles in
operation in the foresEoil profile disturbance may occur across various soil types and seasonal conditions
as a result of the intsity and type of equipment in use, or the nature of the operation being carried out.
Common causes il profile disturbance are the action of vehicle tracks or tyres, the impact of falling or
pushing trees and the dragging of trees or logs acrossahedyr

1.3.2 Rutting and puddling

Rutting and puddlingare severe forms of soil structural declthat oftenresult from compaction or failure
of soil strengthunder moist soil conditiongRutting andpouddling often occur together amdll inhibit plant
growth due to reduced aeration amdiltration. Rutted anguddledsoils may become anaerobic, leading to
a higher chance of fungal infectioftacks that are rutted apdiddledmay become pathways for the spread
of disease. As water entry into the soil is rééat, this may contribute wverland flowand erosion. When
dry, puddled or rutted soils usually have a hard surface crust which can meedlmg establishment

Rutting and puddling are usually associated with moist soil conditions and often occarthdre is heavy

traffic load. Soils that are prone to damage and are at or near saturation may become rutted after a single
passObservation for the onset aftting and puddlingan be used as a trigger to cease the use of machinery
before damage occarover a large arg&igures 10and11).

Like compactiondamage the risk ofrutting and puddlingcan be predicted anchanaged The risk of
damage isrelated to soil typemoisture statusyehicle configuration, loadand type & operation.The
planning pocess of coupe design and layout can be used to effediimélyhe numberof extraction track
as well asidentifying and avoidingsoils that are most likely to b@rone to damage under moist soil
conditionssothatthey may be restricted to dry condits only or protected by cording, matting or brushing
(outlined inSection 1.2.4 aboveOnce a rut has been formed the application of cordimgatting will not
fix damagethat 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 ruttingogether with puddling

1.3.3 Scalping

Scalpinginvolves the physical removal of surface soil material. The severity of scalping, and potential
consequences are related to the depth of remdlaal surface soil layers contain the majority of nutrients,
organic matter and biological activitfheir removal can seriously deplete the productive capacity of soil.
Additional consequences include redddnfiltration, particularly where a clay layer is exposed. In forest
management activitieshe majority of scalping occurs from the dragging of Jaijsplacement by vehicle
tracksduring tight turnsor by pushing using the blade or forssmachinery.
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Figure 12 Scalping of surface soil caused dsgrewingof trackedvehicleconducting aight turn.
Scalping to the right of picture has resulted in mounding to thefleftture.

1.4 Soil erosion and management of surface water

Soil erosion is the detachment of soil particles and their transportation by wiaiQr gravity It is both a
natural phenomenon and a consequence of land use in managed lfidtestsmpactionthe erosion of soil
causes damage that is not easfipairable in conventional timeframes. Soil erogiemoves fertile topsoil
and organic matter from forest areaxl can reductrest productivity and biodiversitferosioncaugsoff-
site effectswhen the materials removed are deposited at anothefThigedf-site effects of soil erosion
includeturbidity, silting andthe eutrophicatiorof streams and water bodies

Ovetand flow (often calledsurfacerunoff) is the primary agent for soil erosioin the forest of soutwest
Western AustraliaEstimatirg 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 extremdse\Eifective assessment and
management of erosion risk shotbdus 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 éagtrfaceln the southwestforest regionthe potential for
erosionis accentuated by the seasonal naturghefMediterranean climate. Estimates of the fastest rates of
soil formation in the forested hills of thewuthwestare aroundne millimetre every 500 yea. Rates of
erosion due to soil disturbano@yrange from as low asnemilli metreper decade tmanycentimetregper

day. Remedial works are generally expensive and only partially effediediral biological means of
stabilisation are generally insuffent on their own. The occurrence of erosion ttuactivities that cause

soil disturbance is generally easy to predithnagendavoid

The natural soil and landscape will influence the rate of erosion. This includes factors such as steep slopes,
dispersive clays and newetting characteristics (particularly sands in the sougbt of WesternAustralig.

The natural resistance olandscape toresion is related to factors such as slope, soil type, vegetation cover
and climate which are generally eaRy identify and categorise when planning control or prevention
measures.

The resistance of diffent soil typedo erosiondepends on factors such as texture, structure and chemistry.
These carfbe summed up as the aggregate stability. A guide to intergrsoil stability using some general
statements is given belom¢gdified from Charman 1978):
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coarsegrained (sandy) soils tend to be poorly aggregated and therefore highly detachable. They can
suffer high rates of erosion when saturated under heavyaliajegpecially water repellent sands).
However, they have high rates of infiltration and can absorb amounts of rainfall thatsatwriate

finer textured soils. Because of their relative large size, sand grains are less susceptible to movement
by splastor overland flowcompaed with finer textured soils

in general, the more clayey soils have better aggregated profiles and are more te&sbaitn

as clay contents in soil increase, the erosion characteristics of soils is determined more by the type
of clay present than anyitig else

dispersible soils are generally clayey, and their normally large aggregates are very stable when dry,
butbecome highly unstable when wet

soils with high silt and fine sand contents tend to lack coherence and be vebjaindtan wet and
therebre highly erodible

the most erosionesistant soils are often wedtructured nordispersible clay loamsThese have
enough clay to ensure aggregation, and “geltled texture which ensures reasonable infiltration
rates.

Soil eroson can lead tphysical, chemical and management eff@ottuding:

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
qudity

the ransfer of chemical and microbial contaminants attached to soil particlesviets, streams,
wetlands or reservoirs

deterioration of the quality of drinking water
reduced soil fertility due to the removal of fine clay and organic matter

damageto, 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 abeaéleatls This canoccur when
the natural stability of the soil surface has been redurddere is an increase in the erosive power of the
surface water flow (through increased volume or intensity of water flow).

Soil stabilitycan be reduced by:

theremoval of vegetation
change of surface roughness and cover due to scrub rolling, firebreak cultivati@hiatetraffic

modification of the natural path of surface water movement, particularly where surface water is
concentrated by structures such@eds or tracks

ripping, mounding and cultivation

modification of the natural soil profildy exposingthe subsoilthroughthe removal of organic
matter, or reducintheinfiltration rate through compaction

the effects of salinity, acidity, waterloggingsgersive or nowvetting soil characteristics or agents.

Common types of soil erosion adescribedn Table 8 below.
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Table 8: Common types o$oil erosion

Type of gosion

Description

Sheeterosion

Also referred to as intaill erosion. This is the removal of a uniform layé soil by
raindrop splashor overland flow No perceptible channels are formed and

particles are either transported to rills, gullies and streams, or moved further
slope where they are liable te blisplaced by subsequent erosion. Rates of sail
with sheet erosion are sometimes relatively difficult to notice, such as ¢
millimetres per decade.

Rill erosion

This isthe removal of soil bpverland flowin numerous small channels (rills) whi
are commonly aroundive to 10 millimetres deep but may be as deep 38
centimetres Rills typically form on cultivated or disturbed soils. Sandy soils
particularly prone to rill erosion.

Gully erosion

The removal of soil in large channels more tt3hcentimetresdeep. Gullies are
typically steep sided and have branches. Gully formation occurs as a re
overland flowor a combination ofverland flowand seepage.

Headward erosion

This is a form of gully or rill enlargement in an upstream diogcdue to incision by
concentratedverland flowand the formation of a waterfall and splash pool.
action of water at the waterfall and splash pool will lead to undercutting
slumping of the gully headThis type of erosion is commonly associat@dh
roadside table drains and culverts. It is an indicator of potential rapid escalal
damage and should be addressed promptly.

Tunnel erosion

Also referred to as tunnelling. This occurs where-sutface soil is less stable th
the topsoil and igemoved by erosion while the topsoil remains intact (until
tunnel collapses and a gully is formed). Field and laboratory tests are avail
detect the presence of unstable subsoil.

Streambank erosion

This involves the removal of soil from the bankf streams by the action of water
sediment flowing in the stream. It is usually most severe on outside bends
high flows as this is where energy is most concentrated.

Mass movement

This includes slumps, earth flows, soil creep and landsliffEss movement is
form of erosion where water is often involved but the primary agent of movem
gravity. It is most common in high rainfall areas on steep slopes with gradie
excess of 27 per cent, that have been cleared or have had signifraanita of
vegetation removed.

Increaseerosive powerby overland flowoccursthrough

e vegetatiormodificationsuch as thinningclearingor the spread of disease

e concentratn of overland flowby channels obarriers to the natural flow of water suchraads or

tracks

e discharge of water fromtructures used to managuface watesuch as culverts, table drains, mitre

drains or spreaders

o the dfects of fire including noswetting behaviourreduced coveaind reduced evapotransyicen

e reduced infiltratio due to soil compactigpuddlingor mixing

e insufficient or ineffectivdy desigred installed or maintined structures used to manage surface

water

Examplesof forest managemesituations where there is a high risk of erosioa

e roads or firebreaksuilt on steep slopes, especially if they are long enough to generate significant
overland flow

Commenced: 3 August 2009

Effective from: 3 August 2009

Custodian Manager, Forest Policy and Practices Branch
Approved by: Director, Sustainable Forest Management Division



20

e areas receiving concentrategterland flowsuch as water diverted from roads, earthworks or below
rock outcrops

e heavily trafficked areas such as extraction teagklandings

o areas of foresaffected by wildfire

1.4.1 Managementof surface water

Management of lgface water ishte process of managiribe overland flow of watein such a way as to
protect resources and environmental valudsge management of surface wmts critical to minimising
many of the risks to soil and water valuAfmost all structures used to manage surface waterdesigned
to move and dissipate water to stable surfaces and undisturbed gktamagement of igface water is
necessary on roagextraction tracks and landings.

Management oflgface watercan 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 wgface water reduces the cost of maintenance and repair of
infrastructure and can reduce the spread of water borne diseases sliglbaak. The two main areas of
management ofusface water inglve structures that arestalled to manage traverland flowof water and

the suitable drainage of roads and tracks.

In managing surface watet, is important to consider the nature of the surface in question as this has an
important influence on flow generation:

o forested areageld lessoverland flowthan cleared areas

¢ dense vigorous forest yields lesgerland flowthan sparse forest

e cultivated soil generates lesserland flowthan uncultivated soll

e vegetated and mulched areas yield msland flowthan unvegetated and ba areas

o well structured soils yield lessserland flowthan massive, compacted or hagtting soils

¢ |oose sandy soils generate lessrland flowthan compacted, hard, clayey soils (e.g. landings)

¢ deep soils generate leggerland flowthan shallow soilge.g. with significant rock outcrop).

Further detail on planning, installing and maintaingtigictures used to manage surface weaarbe found
in DEC SFM Manual No3 - Manual for the Management 8urface Water

1.5 Soil nutrition

The soils in thesouthwestof the Stateare some of the most inherently infertile in the wahdtsuppors a
productive forestThe productivity oftheforest is achieved through the internal cycling of nutgemiainly
throughthe action of soimicro-organismson organianatter(Figure B). Changes imposed by management
of the forest can have important implications onntgrient balancedue to the high proportion of the
nutrients that are held within the plarisd in the litter on the forest flooA schematic represeation 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 $ofrom the weathering of rock anda the atmosphere
through rainfall, aerosols and nitrogen fixed by bacteria. Nutrients are present in a variety dfi¢brdisg

plant and animal tissue, dead organic matter (humuspiirwaterand attached to soil particles. Nutrients
move from thesoil andhumus to soil organisms to soil water to plants and back to the soil. As they cycle,
nutrients change their availability stat@luble (readily availablefutrients are thenost vulnerable to Ies

from the systemAnotherform of loss isvolatilisation (release to the atmosphet®) 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 oy lheadth of biological
activity. Efficient storage (capture and holding) relies heavily on organic m@itganic matter acts as a
bank whichcaptures holds and redistributes nutrients according to supply and demand. Organic matter
helps to buffer fluctations 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 thabelow clay contents, are prone to
nutrient loss.

Nutrients particularly phosphorus and sulphare made more available to plants after fire and are utilised
very effectively by regenerating vegetatidfire is an important mechanism for nutrient cggliwithin
Western Australia

The jarrah forest is adapted to very infertile soil, summer drought and recurrent fireecthjstem
contains relatively small amounts of nitrogen and extractable phosphordti® soils only contain
approximately a quarteof the nitrogenfound in the karri forest soilsThe jarrah forest also hasow
abundance dafitrogenfixing flora. Approximately20 per cenbf the total nitrogen in the jarrah ecosystem is
contained in the tree3his ismuch greater thafor other eucalpt ecosystemwhich containbetweenone
andeightper cenin the trees compared to the soil.

Total nitrogen injarrah forest and available phosphorous in bgtdrrah and karri forest are critical
characteristics of these systems in determining capaeityneet demands for forest growth aticke
maintenance of a stable ecasys following disturbancé O6 Connel 1198.nd Gr ov e

Nutrient lossmayoccur in managed forests through the hydrological cycle (by water)ofitlee removal of
productssuch aslogs 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 soilpesfile mixing, or that
reduce biological activity such as compaction or the spread edishs Organic mattés importantin all of
these processes.

During the long term, activities whicpersistentlyremove nutrients from a site have the potential to reduce
site productivity. In extreme cases on sensitive sites, the species mix and bitdivay 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 sltesent depletion is more likely to occur

on soilsthat have a poor capacity to hold nutrieftbese are usually sandy soils that are low in clay
content, iron oxides and organic matter.

In the short term, nutrient depletiamay have importantonsequences for water quality and aquatic
biodiversity. Stram 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 thedrest management activities that ntayisdoss of nutrients ardescribedelow.

Soil disturbance

Soil and organic matter removed during erosion will lead to nutrient @ssipaction, puddling and mixing

do not immediately remove nutrients from the system. However, they alter the status of nutrients, causing
them to be lessvailable and also to be produced or accumulated at slower Geesin activities will
significantly damage the topsalich as heavy vehicle movementlandings This canresult in longterm

inability to retain nutrients. Topsoileay be removedrom these high traffic areas and lateturned to the

site to avoid this nutrient decline occurring.

Removal of forest ppduct

Most nutrientsin vegetationare contained with the leaves and fine branches which are left on site. Any
activity that increases themoval of these componemssults innutrient lossEach 100tonnesof jarrah
product removed from the forest equates to a loss of arBdrkilograms per hectare of nitrogethree
kilograms per hectare ghosphorus75 kilograms per hectare gbtasfum, and52 kilograms per hectare of
calcium (Hingstonet al. 1980). This is not considered to be a significant risk in the short to medium term
but maybeaconsideationin the long term.

Fire

Fire alters the physical status (more prone to erosionchethical status (more soluble)) nutrients Some
nutrients such asnitrogen sulphur and possiblyphosphorousmay be lostinto the atmospherelrhese
nutrientsarereleased from the litter lay@nd green materialAfter a fire, nutrients are more availabio
plants, butare also more prone to loss through erosion or leacHimgelation to nutrition, fire may be
regenerative or destructive depending on the intensity and frequency of burning in relatiorfa@ghe
ecology.

After fire, litter builds upon the forest floor to reach an equilibrium value of arod@donnes per hectare
(t/h@) in karri and10to 20 t/hain jarrah Thebuild-upis rapid in early years reachi2® to 30 t/ha inabout
eight years forkarri forest andeight t/ha in five to seva years injarrah forest The accumulation of
nutrients in litter is rapid following fire and for all elements reaches abOuier centof equilibrium
amounts withinthreeto five years.The rate of transfer of nutrients from litter to soil may be grouped
threecategoriesshownin Table9.

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 ratés less than dry weight loskitter contains a substantial proportion of total ab
ground stores
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Sourceof table:O6 Connel | (129.d Gr ov e

There are a number afompeting or oppsing management issues associated viitdth high and low
intensityfire outlined below.

High-intensity fire:

o facilitates regeneration of nitrogéiring legumes
o facilitates the establishment and/or release of the overstorey regeneration

e consumes more grow stores and green material and volatilise a significantly higher proportion of
nitrogen

e may increase the damage to timber values of trees

e may increase the rate of hollow formation in traad also the loss of hollelearing trees
e will increase the rislbf erosion in vulnerable soils

e may significantly affect water quality

e increases the loss of habitat elements especially logs and dry trees

e cause major impacts on biodiversifyhigh intensity fire is on a largscalebecause of the scatd
disturbance aththe homogeneity of the burnt area

e may increase losses of some spedi@sto predation and loss of habitat.

Low-intensity fire:
e Burning following timber harvesting makes nutrients available for regeneration

e Burning litter following timber harvesting deices the risk of high intensity fire that may damage
trees

¢ Maintains biodiversity by reducing the scale of disturbance raauhtainingheterogeneityin the
burnt area

The interaction of these and many other factoegd to beconsidered to determinéd 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 saliniparticularly where there is cleared agrioul land

within the catchmentThe managementf native forests is largely concerned with the control of
groundwater levels. Detaitm this may be found ithe water section.

1.7 Acid sulfate soils

Some areg9articularlynear thesouth and west coast akrown to contain acid sidte soils Acid suffate

soils are the common name given to naturally occurring sediments and soils containing iron sulphides.
Where these soils occur, there is a risk that managemivitias may cause ogite or oftsite effed¢s. The
activities that are more likely to have environmental impacts include those which either cause a sustained
lowering of the water table, or where acidfatg soil is excavated and exposed to oxidation (such as road
cuttings, dewatering, trenchingr extraction of basic raw materialjhe effects on ater from acid state

soil include significant pH reduction, increased salinity andncrease in dissolvdgavymetals.
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Where acid stiate soils occur, the best strategy is to avoid disturbancerdithis is not possible, specific
eggement plan facid sufate soil

)

management practices are required to reduce the risks. In some oae
may be required.

1.8 Soil contamination

Soil contamination has the potential to lead to the contaminatiomatdr. Potential contaminas from
forest operations are hydrocarbons (diesel, oil and lubricants) and pestRedésides are applied for a
range of purposes, including silvicultural treatments, feetilitreatment ofdisease, fire management and
suppresgin, and for the control of weeds. Hydrocarbon spills are generally limited to arealt due to
accidentalspills during there-fuelling of machiney and theperiodic failure of hydraulic hose¥he best
approach to managingontaminationis a sequence ofonsiderations 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 fronmsevere soilcompaction is venslow. The primary naturainethod & repair is by
biological activity (roots, soil flora and fauna). Recovery may take as littR) ggars for light damage at
shallow depth, but more typically tens to hundreds of years depending on soil type, vegetation, moisture
conditions, depth of theompacted layer and degree of compaction. Remedial treatments are designed to
facilitate the onset of thddiogical processes of repair.

Protecting and conserving the topsoil during operations will significantly improve the soil structure and
revegetatia of disturbed sites. Areas which have had soil damage need some of their stmdturgients
returned to enable soil processes to commence and exnstdpablerevegetation

Scarification andipping are remedial treatmentsedto reduce the detmentaleffects of compaction on

plant growth and soil organismScarificationimproves 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 foest. Ripping is used toimprove aerationand infiltration While ripping and scarification

assist thebiological processesequired for longterm rehabilitationthey arenot an immediate cure for the
structural damage.
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2 Conservation of water values

Rivers, streams, and wetlangsovide 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 biodiRavsity,
streams and wetlandsrovide important diaage 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, sociatultural and spiritual value$n addition to surface ater, the groundwater
systems underneath the forest are an important part of the ecosystem. lwesiwWesternAustralia,
groundwatemay beclosely connected tdvers, streams and wetlands. The management of groundwater is
integral toenvironmental maagement.

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

2.1 Ecological values
2.1.1 Agquatic biodiversity

Biodiversity is the variety of species in an environment or ecosystem. The diversity of aquatic life is an
important value that is lked to the ability of a waterway to be stable and provide ecosystem services. The
typesof aquatic life in waterways of the soutfest is unique and ranges from tiny aquatic plankton, small
invertebrates and fish, and larger creatures such as foogsses 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 lireats to aquatic biodivetg include a declining rainfall trend, increased domestic and
commercial extractiorof water, increasing salinity, recreational use, rising groundwater, high levels of
nutrients and fragmentation due to clearing.

Some of the factorwith potential tocontribute to decline in aquatic biodiversity in the forest landscape
include:

e |oss of fringng vegetation
e stream sedimentation, erosion and siltation from roadiagyesting andverland flow

e structures suclas stream crossings, culverts and wateints that alter stream flows and create
barriers to fauna movement

e salinisation of water from short temsesin the groundwater table

e contaminationby hydrocarbons from activities of refuelling and servicing of machinery, use of
pesticide and fertilisers.

2.1.2 Stream vegetation

Streamvegetationis the vegetationthat occursin and around rivers streamsand wetlands|t is often
referred to as fringg vegetationln addition to its biodiversity value, the physical and chemical stability of
aquatic systems is highldependent on the presence of intact and continuous fringing veget&ftiene

fringing vegetation is lost, bank instability and an escalating process of erosion, sediment input and weed
infestation commenceSome of the important functions of fringinggetation are listeith Table 10
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Table 10: Important functions of fringingegetation.
Function Description
Corridorsfor Intact fringing vegetation provides corridors along which animsalsh asfrogs,
movement tortoisesand custaceansan move.
Filters Vegetation has a protective role in filtering sediment and nutrient that

otherwise enterrivers, streams and wetland®issolved nutrients (especial
nitrate) are readily taken up by planEinging vegetation also slowihe rate of
flow in the stream channel thus decreasing erosive potential.

Food Leaves, twigs and woody debris are the main source of energy, carbg
nutrients for the aquatic ecosystem
Habitat Branches and litter provide shelter and mibatitats fo a large range of aquat

animals The tannins released fromdegrading plant material reduce ligh
penetration and hide animafSoarse woody debris greatly increases the exten
diversity of habitatand also influences flow and increases variatiorthia range
depth and velocity of water.

Landscape value Fringing vegetation enhances visual amenity.

Stabilisation Vegetation helps maintain stream bank integrity by protedailgagainst erosio
and subsidence.

Shade Shade helps to protect animal®rfr predators, provides refuge during sumi

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 b&teeen
systens 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 subsequedewing throgh bank collapse.

Sediment accumulation can deflect flow into the strés@mmk causing increased erosidtncan also retard
streamflow and cause increased flooding risk further upstrdaarge slugs of sediment may cause lateral
erosion of the channel,hich becomes broader and shallowine sediment in suspensi¢turbidity) is

able to block out light and reduce photosynthesis of aquatic plants andSgpended sediment increases

the erosive power of a stream on the floor and bank, and can daneafjeet gills and mouth parts of
invertebrates and the gills of fisfthe rate at which material is broken down is slowed by sediment
smothering organic material on the stream floor and reducing oxygen to detrital procSsspended
particles absorb h&aso water temperature rises faster in turbid water than it does in clear Waten.

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 mfeastructure For example, it can fill culverts, erode and
undercut structures and reduce water point capaéityere undercutting of stream banks occurs, whole
trees may fall into the channdh times of flood, these increase damaging effects whenpihe up against
bridge pylons, culvertsr submerged object8Vhere a stream is lined with vegetation the energy of water
entering via surface flow is dissipated, reducing erosion and promoting the deposition of seditrents.
result is that the water dging the catchment is filteredlVhere fringing vegetation is not maintained and
disturbance activity in the forest creates flaurpid water carrying sediment may be able to enterritrer

or stream systemrlhe increased flow and sediment promotes erosif streamline and scouring of the
stream bed.

The banks of a river or stream are more likely to subside or erode when tregtuaegedIntact stream
reserves of fringing vegetation help to avoid saturated conditions and also stabilise soil widmdoot
rhizome systems.
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Increased sediment concentration (mainly fine particles causing turbidéy)dgentialside effectof forest
management activity on aquatic systems. The type, depth, location and periodicity of setiamena
significant effecton the aquatic biota that inhabit these substrafedivities that can impact oturbidity
and sedimenibadare described iffable 11.

Depending on the nature of soils and the extent of erosion contributing to sedimentation, there will be a mix
of coare and fine particles entering the waterwBiner particles are usually carried downstream and are
associated with turbidityCoarser particles are heavier and generally rolled along the stream bed and can
cause the filling of natural pools along the riverstream, smothering habitat along the way. The effect of
sedimentation and turbidity are summarise@able .

Table 11 Activities that impact onurbidity and sedimernibad
Activity Description
Harvesting Under natural enditions in forested catchments, very small volumes

surface water move slowly over the land surface, carrying very |
sediment and only during heavy rainfall everlthe majority of stream
baseflow actually enters via groundwater in the lower hes of the
catchment.Following timber harvestingand silvicultural burningthere
may beincreased potential for larger volumes of water to move faste
carry more sediment.

Roads and vehicle movemer| Unsealed roads and highly trafficked areas héreedapacity to genera
turbid (cloudy) water. As roads are compacted surfaces, most of th
that falls on them is converted ewerland flow The potential founsealed
roads to generate turbigaterincreases with the number of vehicle pas
and thér loads and is related to moisture and the type of clay present
most common cause of turbichterentering streams is where features s
as roads or extraction tracks concentrateerland flow which is not
subsequently dissipated in small reguldumes over stable land surface

Clearing or disturbance of | Fringing vegetation has an important role in reducing sediment loz
fringing vegetation rivers. In these areas, surface flow is slowed and filtered, allo
suspended sediment loads to settut before entering waterwaysbhis
filtering effect can be disrupted where fringing vegetation is cleare
disturbed.The risk is increased where vehicle tracks concentraéeland
flow and directly cross the fringing vegetation into streams.
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of changes to sedimentation and turbidityecosystem elements and functions

Element or functions

Effect

Habitat

Even small amounts of sediment can change the nature of the stream flooi
makesit more or less suited to particular invertebratéiscreased sediment cd
affect suitability of the stream bed for egg laying by fish or other aq
organisms.Sedimentation caraffect river pools which are the only summe
refuge available for many aquatic speciasd atherefore essential to t
maintenance of some populations.

Stream flow and
channel structure

Sediment accumulation can deflect flow into the stream bank causing inc
erosion.It can also retard stream flow and cause increased flooding riskifl
upstream Channel may become broader and shallower when large sly
sediment cause lateral erosion

Light penetration

Fine sediment in suspension is able to block out light and reduce photosy
of agquatic plants and algae.

Abrasiveness

Suspendeé sediment increases the erosive power of a stream on the flog
bank and can damage the fine gills and mouth parts of invertebrates and t
of fish.

Rate of organic

The rate at whichorganic material is broken down is slowed by sedith

breakdown smothering organic material on the stream floor and reducing oxygen to d
processors.

Damage to Sediment has a range of damaging effects on infrastrustuch asfilling

infrastructure and culvertsand undercting structures.

resources

Tempeature and
oxygen

Suspended particles absorb heat so water temperature rises faster in turb
than it does in clear watefhe concentration of dissolved oxygen decrease
turbid water with the increasing temperature.

The risk of sedimentation drstream erosion will vary according to:

water

moisture status

damage

the slope and erosion potential of forest land
the type of clay present (dispersie stable)

the nature and materials of road construction and assosiatexdures designed to managyeface

managementf surface water in harvested areas
integrity of fringing vegetation

intensity and loa@f vehicle movement

high input area$ haul roads, snig tracks and landings

structures or management activities close to the stream channel havees gpéential to cause

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

they are desigmkeand placed in the stream zone
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2.2.2 Salinity

Studies into the effects of forest management on hydrogeology intheat&lt input into streams can occur
when the leaf area of a forestrexlucedanda saline groundwater is close teetsoil surfaceSalt input only
occurs ifgroundwater rises to the extent that it makes a significant contribution to streaififlisvgalinity
risk is driven by a combination of factors including the patternm@anannualrainfall (which decreases
from near 1400 ifii metresin the west and southto 700 milli metres further inland, mean annual
evaporation (which increases fra@authwestto northreast), streamflow quantity (which decreasgengly
from westand southto eastand northacross the forestkoil salt storagéwhich increasedrom westand
southto further inland, groundwater salinity (which increases from west and south to further intayth
to groundwatei(which increases from weahd southo further inland and topography (with stéper slopes
in the westand south and more subdued slopes further inlg8kdea and Herbert 1977, Schofigtdal
1989)

Operational controls that are effective in managing salt risk during timber harvesting are to not log all the
area at once (phasédrvesting, to control the level of cut (basal area limitations) and to protect stream
zones from timber harvestinghe highrainfall zone $ 1100 nilli metresper yeay has a low risk of stream

salinity because the storage of salt in the soil profile i Bhe intermediate rainfall zone ,{D0 900

milli metresper yeay has ahigher risk ofstreamsalinity due to the groundwater lewehich may be in reach

of the soil surface following timber harvestimgd where salt storage in the sois moderate The low

rainfall zone € 900 nilli metresper yeay has a lower risk of stream salinity than theermediate rainfall

zone despite the high salt storage in the soil profile, because the groundwater is too deep to reach the soil
surface following timber harvaag and regeneration.

A summary of the current knowledgegarding the effect of timber harvesting on stream salisifyiven
below:

e Increases in groundwater levels @b to four and a halfmetresin high (greater than ,100
milli metres mean annual rairdll) and intermediate rainfall zones (9AQLO0 nilli metres mean
annual rainfall), andne metre in the low rainfall zone (less than 90dllinmetresmean annual
rainfall) following intensive harvesting and regeneratiothe 1970s and 1980s

e More recent atchment 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 preharvestconditions is expected to také to 15 years, depending on regeneration

e The potential for increases in stream salinity resulting ftomioer harvestings greatest in the
intermediate rainfall zone due to the possible shallow depth to groundwater arightiseihsalt
storage.

2.2.3 Nutrients and other contaminants

Under natural conditions, the river systems of sautistern Australia function on very low nutrient levels

and no significant input of contaminanbost nutrients are naturally derived from thenfiing vegetation
together with a small contribution from overland floMutrients are cycled within and between the plants

and animals of thequatic ecosystengradually passing downstream and into estuaries or the ocean.
Nutrients and contaminants may &red or tied up for considerable periods of time in sediments at the
bottom of lakes or pool®ecause the ecology of streams and rivers operates on very low nutrient levels, it is
sensitive to changes that may be induced by forest managebestaminats 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.

Broadscale forest management has a lower potential to impact on stutaeminlevels when compared to
agriculture, horticulture, mining and industrial usdswever, without managemerertain activities have
the potential to alter levels enough to affect the ecology of stream environfieatsput of additional
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nutrientsand contaminants into river systems usually occurs through surface flow, although groundwater
may also be a source in some cadhdtrients and other contaminants may be in solution or attached to
particles of clay or organic matteks water is requireds 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 defineBxaraples of point
sources include rubbish tips and waste psirseptic tanks, log stockpiles, buildings, storage areas and
spillage of fuels, oils or other chemicalBhe risk of contamination from point sources increases with
proximity to waterways, as well as the volume of product and overland flow invdalibhedype 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 appropriatelypgd¢o 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 broathaneare generally lower

in concentration compared toipbsourcesExamples of diffuse sources include ash following a burning
event or a sheet erosion event that occurs on a slope following a summer thundéistorisk of input
from diffuse sources often depends on how well the vector of transport Yusagdr) is managed.

Examples of high risk situations include:

e heavy rainfallon a steepfecently harvestetbrest coupe that has been recently bamd where
soils that are susceptible to erosion

e roads running down a long slope whetaictures desigieto managsurface water are not in place

¢ alanding sited on clay soils adjacent to a stream reserve.

2.2.4 Acid sulfate soils

Acid sulfatesoils are covered in Section 1IA.some soil landscapéset activation ofcid sulfate soils has
the potential taxau® seriousontamination of water aratjuatic ecosystems

2.3 Water quantity

An emerging issue relevant to the protection of wetlands, streams and the aguatic ecosystem within forested
catchments is the impact of a drying climate. Recent monitoring indidete# tequires 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 caased 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) overlO years. The management of fire and silMiaral treatment are two of the main tools
available to forest managersitdluence forest water balance.

Thinning of the forest in some high rainfall experimental studies (Bari and Ruprecht 2003) indicates the
potential to significantly increase strefiom. Maximum increases ranging froeightto 18 per ceniof mean

annual rainfall (90 to 200 ifh metreg have been achieved by forest thinning, depending on the level of
reduction of vegetation cover and catchment characteristics. Increased waterrgiétdasaent and usually
return to preharvest levels after arourd@ to 15 years although this may be extended to 25 years by control

of coppice regeneratio.he increase in yield is generally greater for higher levels of annual rainfall and
higher intensity of forest thinmg. The increase is dependent ¢time 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 foresthese trends have beebserved in water catchment areas in Victoria and New
SouthWales These trends are summarised\urstraliads State of the Forest Report 20(Montreal Process
Implementation Group for Australia 200&). New South Wales, the results of research basedrealong-
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term hydrological studies in three forest types Hasen published in recent yedksine and Mackag001,
Cornish and Vertess2001 Roberts2001). The studies all found aimcrease in water yield aftéimber
harvesting. Thencrease persistefor at least three years, after which yibkiefly returned to prdarvest
levels before progressiveteclining by up t@®0 per centof preharvest yield at 16 yeapostharvest. This
relatively low decrease in water yield éxpected tdevel out asthe regenerating forest reachedsout20
years posharvest and then to increase gradua#iythe forest matures and growth rates (and therefore water
use) decline. This conclusion is supported by earlier Wwoikucalyptus regnanfrest in Victoria, whib
showed thasapwood area and hence growth rates and water use dedlihedje(Robertset al. 2001)

In summary, bie practices likely to affect water yields from forestdude the timing, scale and spacing of
timberharvesting, thinningr clearing;fire managemerdandmodifications to rotation length

2.4 Water for human consumption
2.4.1 Public drinking water source areas

Public drinking water is obtained approximatelyequal proportions frongroundwater and surface water
sources. Both surface water antundwater 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 qualitptechedp

The protection of proclaimed Public Drinking Water Source Areas (PDWSA) relies on statutory measures
largely available through th€ountry Areas Water Supply Act 194CAWS Act) and theMetropolitan

Water Supply, Sewerage, and Drainage Act 190@ the associatetly-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 catchmerithe specific requirements for each PDWSA are
provided indrinking watersourceprotectionplans. The areas may have been proclaimafa@gr Reserves,
Catchment Areas or Underground Water Pollution Control AreBdVSA proclaimed under the CAWS

Act may control the removal of indigenous undergrowtt &rees. Proponents that work on DiE@anaged

land who remove indigenous undergrowth and trees/ be required to obtain a licence from the
Department of Water.

The PDWSA are divided into three priority classification areas with different land use cdoifijeti
Activities within a PDWSA are regulated according to risk and imp8cine of the activities that
potentially relate to forest management include pesticide use, fertiliser application, harvesting, roading
managementf surface wateandwaste maagementRequirements in relation to priority classification in
PDWSA are shown in Table 13 below.

Table 13 Priority level requirements Public Drinking Water Source Areas
Priority level Requirement
Priority 1 (P1) These aremare managed to ensure no degradation of the drinking water Sbhieg

guiding principle is risk avoidancd?1 areas normally encompass land owne
managed by State agencies but may include some privateMastlland uses creal
some risk to water @ity and are therefore deemed incompatible with P1 a
Timber harvestings deemed compatible provided best environmental manage
practices are usedhis may result in specific conditions on pesticide and fertil
use through planning or enviroemtal approval processes.

Priority 2 (P2) These areas are managed to ensure there is no increased risk of water
contamination/pollutionThe guiding principle for these areas is risk minimisat
Timber harvestings deemed compatible provided besivironmental manageme
practices are usedhis may result in specific conditions on pesticide and fertil
use through planning or environmental approval processes.

Priority 3 (P3) These areas are managed to manage the risk of pollution to theswatee from
catchment activitiesThis is achieved through guided risk management for lang
activities. Timber harvestings deemed acceptable activity in these arBasticides
are controlled by general restrictions specified by the Health Depdrtmeall
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priority areas.

Unassigned These areas have not yet been classified to a priority drdae 6L a
compatibility in PDWSAI Wat er Qual ity Protectio
that allows uses to determine which priority level the area ddobe managed t
while still unassigned. Under this assessment DiDagedland needs to b
managed in accordance with Priority 1.

In addition to the three Priority Classification Areas, specified protection zones are defined to protect
drinking water sarces form contamination in the immediate vicinity of water extraction faciliiéthin

these zones by laws may prohibit, restrict or approve defined land uses and activities to prevent water source
contamination or pollutionsSpecial conditions such aestrictions on storage and use of pesticides apply
within these zoned he types of zones ashown in Table 1%elow.

Table 14: Protectionzonesin Public Drinking Water Source Areas

Protection zones Description

Wellhead Protetion Wellhead Protection Zonese used to protect underground sources of drin
Zones water. They are usually circular with a radius of 50@tresin P1 and 30(

metresin P2 and P3 aread®Vellhead Protection Zone$o not extend outsid
PDWSA boundaries

Reservoir Protection Reservoir Protection Zonese used to protect abegeound sources of wate
Zones or Prohibited There is a statutortwo-kilometrewide buffer area around the top water le
Zones (as they are calleq of storage reervoirs.Public access is prohibited Reservoir Protection Zoneg
in the bylaws) to prevent contamination of water from physical, chemical or biolog

contamination.

Public Drinking Water Source Areasmay be harnessed or unharnessed. Harnessed catchments are those
currently being used for consumption. Unharnessed catchments are not currently being used for
consumption bustatusmay change at aryme in the future The samananagement restrictions apgtyr

both harmessed and unhagased catchmentslowever the management of turbidity issues becomes more
critical on haressed catchments while contamination of soil and water idrafsortant.

There are three main types of contamination that may adversely impact drinking water quality.
Microbiological contaminatiornis 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 araverland flowfrom unsealed roads, reseivbanks and disturbance to

soil surrounding reservoir€f 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 atthe sourcePreventing contamination at the source of water provides greater surety than removal of
contaminants by treatmerithe other major influence on quality is salinisation whetiiscussed in Section

2.2.2

The Water Corporation is currently cquiiant with Australian Drinking Water Guidelines 199€ational
Health and Medical Research CountB96) and is implementing the requirements to méetstralian
Drinking Water Guideline2004 (National Health and Medical Research Cou6i04) These doaments
specify the quantities of contaminants and salinity required to meet drinking water standards.
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4 Glossary

Term

Definition

Annual exceedenceprobability

The probability that a given rainfall total accumulated over a given duration w
exceeded imny one year.

Averagerecurrenceinterval

The average, or expected, value of the periods between exceedances of a gi
rainfall total accumulated over a given duration.

Brushing A dense thick layer of small diameter log, branch and woody understotesiaha
that is randomly laid to form an interlocked mat and distribute vehicle load ov
wide area.

Clay A soil texture class consisting primarily of fine grained minerals less than 0.0(

milli metresin diameter, which is generally plastic at approgriaater contents an
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 objectigeich as a number of discrete gaps
clearfells or a combination of both.

Cording/corduroy

Corduroy, or cording, is round or split log material that is closely and continug
laid at right angles to the direction of the extraction tracks, or platéghdings,
to distribute thevehicleload over a large area and reduce soil compaction, mix
and rutting.

Disturbance

Any range of conditions affecting the condition of a natural area. Disturbance
be natural (e.g. fire) or human induced (embgr harvesting).

Erosion

The wearing away of the land surface by rain, running water, wind, ice, gravity
other natural or anthropogenic agents.

Eutrophication

Artificially high nutrient leveldn a stream or water body.

Extraction track

A track dong which logs are pulled or carried from the felling point at the stum
a landing or point of loading.

Forwarder A self-propelledvehicle usually seHloading, that is used to extract logs by
carrying them completely off the ground, usually in akeurbehind the cabin.

Free water Free water is defined as any puddl
block, but in particular on the extraction track.

Gouge Seedog gouge&d

Gully erosion The removal of soil in large channels more than&imetresdeep. Gullies are
typically steep sided and have branches. Gully formation occurs as a result o
overland flowor a combination obverland flowand 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 concentra
overland flowand the formation of a waterfall and splash pdbke action of water
at the waterfall and splash pool will lead to undercutting and slumping gtitlye
head.This type of erosion is commonly associated with roadside table drains
culverts.lt is an indicator of potential rapid escalation of damage, and should
addressed promptly.

Intermediate rainfall zone

Areas receiving between 900 and@ milli metresof mean annual rainfall.

Inter -rill erosion

Seegheet erosiod

Landing

A cleared area in the forest to which logs are yarded or skidded for loading of
trucks for transporfThe landing is considered to be the area where there is
repeatdvehiclemovement 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, esetlhigs, stems,
bark and fruit.

Log gouge

A furrow or depression in the soil caused by the action of dragging logs durin
extraction.Where they occur, they are generally found running down the centr
the extraction track.
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Term

Definition

Lower plastic limit

The masture content when soil changes from being brittle to plastic and is the
minimum moisture content at which the soil can be mouldésialso the
maximum moisture content at which the soil is friabtemost soils it is at or near
the upper limit of wadr storage (field capacitypuddling begins to occur at the
lower plastic limit.

Low rainfall zone

Areas receiving less than 90dlli metremean annual rainfall.

Mass movement

Includes slumps, earth flows, soil creep and landsiMass movement is @fm
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 slog#sgradients in
excess baround 27 per cent (1pthat have been cleared or had significant
amounts of ggetation removed

Matting

Material such as bark or wood chips that is used to cover an extraction track
landing, whether by itself or in addition to cording, to reduce soil disturbance,
improve trafficability or reduce unevenness of cording to impaperator
comfort.

Mitre drain

A drain to conducbverland flowfrom table drains to a disposal area away from
road.

Monitoring

Regular assessment of a management program and of the resources being n
checking that desired outcomes are achigeaad adjusting the plan where
necessary.

Mounding

Heaping of the soilThis is caused by the movement and deposition of soil ontc
ground, or by the upward movement of the soil due to pressure applied to the
adjacent ground.

Parent material

The uncosolidated or less chemically weathered mineral material from which
soil horizons are developed by pedogenic processeghe purpose of DEC
assessment of soil disturbance, parent material is also considered as soil ma
a depth greater than s8ntimetresbelow ground level.

Peakflow

Themaximum flow through a watercourse which will recur with a staietior
AEP. The maximum flow for a given frequency may be based on measured da
calculated using statistical analysis of peak flow dataatmulated using
hydrologic analysis techniqueRrojected 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 t
formation of soil throgh the brealdown or combination of minerals and minera
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
slurry or under sarated conditions. Puddling breaks down natural soil aggregs
and realigns soil particles, generally resulting in dramatically poorer aeration
drainage and exacerbating the effects of compaction.

Rain

Precipitation of liquid water particles, eithiarthe form of drops of more than 0.5
milli metresin diameter, or of widely scattered smaller drd@ay be distinguished
from drizzle by the fact that drops are scatteRain is associated with the
following cloud types; altostratus, nimbostratus, statnulus, cumulus and
cumulonimbusRain does not include drizzle or intermittent light showkdoes
include persistent light showers, intermittent medium or heavy showers or mo
intense forms of precipitation.

Rational method

Therationalmethod isa probabilistic or statistical method used in estimgpieak
flow (floodg for a given ARI in order to design surface water management
structures.

Rill erosion The removal of soil bpverland flowin numerous small channels (rills) which ar
commonly arand 5 to 10 rili metresdeep but may be as deep as 86timetres
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 tlodl témsthe

purpose of breaking up compacted soil to facilitate penetration of plant roots
water.Ripping is usually undertaken using a winggde mounted on the rear of
bulldozer.
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Term

Definition

Rolling dip

A trafficable dip excavated on a grade and with gesitle slopes to divert water
off a track or roadSpoil 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 passageidé
tyres ortracks over the soil surfacBut 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 surf
usually by the action of vehicle tyres or tradRsitting involves the compaction
and mixing of soil with the consequential loss of structure. Rutting may be cat
by compaction of dry and damp soils, or by failure of soil strength in wet soil.

Scalping

Removal of a layer of soillypically caused bycsaping of the soil surface.

Scarification

Loosening of the soil surface to assist germination and establishment of seed

Sheet erosion

(Or interrill erosion) is the removal of a uniform layer of soil by raindrop splas
and/oroverland flow No peceptible channels are formed and soil particles are
either transported to rills, gullies and streams or moved further-dtope where
they are liable to be displaced by subsequent erosion.

Soil compaction

The process by which soil particles are rearrdngesulting in a decrease in void
space and causing closer contact with one another, thereby increasing bulk d
Soil compaction can result from applied loads, vibration or pressure from
harvesting or site preparation equipmé&dmpaction can causkecreased tree
growth, increasedverland flowand erosion.

Soil contamination

Soil contamination is the presence of rmade chemicals or some other alterati
in the natural soil environment which causes harm

Soil damage

An undesirable level of soil siurbance.

Soil disturbance

Any range of events affecting the condition of the soil in an area. Soil disturbg
may be natural (e.g. fire) or human induced (e.g. timber harvesting) and may
beneficial (e.g. facilitating establishment of seedlings)atriohental (e.g. causing
compaction).

Soil profile disturbance

The mixing and/or removal of soil layers which may be causeatbigleactivity
or the movement of logs.

Soil disturbance categories

Undisturbed i characterised by an intact litter layer.

Lightly disturbed i characterised by the litter layer being disturbed or a light
disturbance to the topsoil.

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

Severely disturbedi characterisethy the tgsoil completely removed and subsg
exposed or the topsoil mixed with subsoil, or the subsoil disturbed, or subsoil
mixed with parent material or soil at greater tharc@&®imetresdeep, or the
subsoil partially removed

Very severely disturbedi disturbance that involves parent material or soil laye
that are greater than 5@rtimetresbelow the soil surface (excluding caprock), o
meets any of the definitions of very severe soil disturbance in Appendix 3.

Soil mixing

A type of soil profile disturbareewhich 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
to those stresses by rupturing (failing suddenly and quickly) or becoming defa
(failing gradually by compression$oil strength is measured in megapascals (M
which indicate penetration resistance

Spreader

(Sometime called catch dra)mA short section of bank constructed on a grade a
diverting channeled flow of closed traclshallow gullies or gully fill Structures
are used to divert water to a safe disposal @éan 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 sedim
flowing in the streamlt is usually most severe on outside bends during high flo
as this is where energy is most concentrated.

Subsoil

The layer of soil below the topsoil, which is lacking in organic maittés.
typically a lighter colour than the topsoil an@yralso have a higher clay content
or be a clay layer.
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Term

Definition

Surface water management

The process of managimyerland flowin such a way as to protect the environm
and resources.

Table drain

A side drain of a road constructed adjacent and paralleltothea d 6 s s h

Thinning

A felling made in an immature stand usually for the purpose of improving the
growth of trees that remain and encouraging regeneration without permanent
breaking the canopyhinning can also have other purposes such as water
production.

Timber harvesting

The cutting, felling, and gathering of forest timber undertaken as part of a pla
sequence of silvicultural activities including the regeneration of the forest.

Topsoil

The uppermost layer of soil beneath the litter thatarkened by the organic matt
which has been incorporated into the soil and contains the majority of fine rog

Trafficability Index gp,
(Thso)

A predictor of the deficiency of soil moisture in a hypothetical soil profile havir
200-milli metrecapadty. The predictor uses rainfall input, runoff, evaporation ar
transpiration by plants. The measure is zero when soils are at field capacity a
2,000 when completely dry.

Trigger values

The concentrations (or loads) of the key performandieators mesured for the
ecosystem, below which there existew risk that adverse biological (ecological
effects willoccur. They ndi cate a risk of i mpact
someaction, either further ecosystem specific investigatiorimptemenation 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 suburface soil is less stable than the topsoil and
removed by erosion lwle the topsoil remains intact (until the tunnel collapses &
a gully is formed)Field and laboratory tests are available to detect the presen
unstable subsoil.

Turbidity

Discoloration of water due to suspended solids, dissolved solids, cheralgaks
etc.

Upper plastic limit

(Or liquid limit) is the moisture content at which the soil changes from a plasti
solid to a viscous liquid.

Wind erosion

A type of erosionn which soil is detached and transported from the land surfa
by the action ofvind.
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