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EXECUTIVE SUMMARY

Objectives

To quantify the physical performance of various unsealed road surface treatments, life
cycle costs and road user perceptions of road condition, measure of improvement and
deterioration with time.

Background

The unsealed road network contains significant freight and tourist transportation routes
which incur an annual maintenance expenditure in excess of $10 million as well as
consuming large quantities of natural resources.

By comparison to sealed roads, unsealed road performance is typified by:

1 Low traffic volumes but vital transport routes

1 High operating costs in routine maintenance grading and re-sheeting.

1 Restricted access in times of heavy rain.

9 High accident risk.

1 High environmental and heritage impact of material borrow pits.
Within Transport SA, these i ssues have been addressed wit
mai ntenanced techniqgues that provide i mproved

has been achieved through with significant investment in support infrastructure to
provide a source of water.

As an addition to wet maintenance, there are a large variety of chemical stabilisers on
the market which could potentially further enhance the quality of the unsealed surface.

Methodology

8

To establish a trial section on road humber 16021 (Copley - Balcanoona) in which a
variety of products can be incorporated.

The products proposed are Roadbond EN-1, Reynolds RT12 & RT20, Bitumen
Emulsion and Dustex.

Devise laboratory tests to provide quantitative assessment for product selection.

Regional maintenance to re-sheet a 6km trial section using local borrow material. In
conjunction with product suppliers stabilise the re-sheeting material using only the
existing equipment used by the maintenance gang.

Establish a monitoring program incorporating an environmental impact assessment
to quantitatively access roughness, dust generation, surface texture, rutting, erosion
and shape loss. Monitoring to be conducted over 1,3,6,12,& 24 months.

Adapt Unsealed Road Maintenance System (URMS) to the trial section to describe
pavement condition rating over 1,3,6,12 & 24 months.

Undertake cost benefit analysis of the various treatments compared to current
process of wet maintenance (refer 97/PA/057).

Technology transfer through presentation to Regional Staff, Local Governments of
Eyre Peninsula, Yorke Peninsula, Murray Bridge.

Materials Technology Research and Development
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§ If appropriate, provide recommendations for implementation of the technology to
maximise the benefits offered to the network.

Conclusions

The trial has revealed the following quantitative data :

8§ 10% - 20% decrease in roughness

§ 0% - 50% reduction in permeability

§ 0% -10% increase in stiffness

§ 10% - 30% reduction in rutting

8§ 20% - 50% reduction in loose surface material

§ 20% - 50% decrease in maintenance

§ 10% - 50% increase in sheeting life

8§ minusl0% - 20% decrease in road operating costs

8§ a general recognition by road users of improvement over
conventional sections

8§ Pavement behavioural patterns enabling targeted maintenance

intervention to optimise surface condition.

Benefits

Monitoring of the Copley trial sections over a two year period has indicated that
immediate benefits are realised from chemical stabilisation and are sustained over a 12
to 18 month period before maintenance intervention is required. In addition, continued
monitoring is developing a behavioural model of an unsealed road which will lead to
identification of timely maintenance intervention optimising the riding condition of the
pavement.

A simple evaluation test has been devised to provide a visual indication of the benefits a
particular product may have when used in conjunction with a particular soil type.

Recommendations for incorporation of the products include:

8§ Heavy wear areas: Corners, intersections, slopes

8§ High impact areas: Grid approach & departures

8 Access difficulties: Swamps, creeks

8§ Poor material areas: No natural gravels available

§ Sealed widening: Shoulders into pavement

8§ Secondary additive: General stabilisation of poor materials

Implementation

In conjunction with two other Technology Development Projects, two seminars were held
at Port Augusta for Transport SA staff and external stakeholders. In addition
recommendations have been made to incorporate the products into management of the
unsealed road network.

Materials Technology Research and Development
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1. INTRODUCTION

1.1  South Australian Unsealed Roads Transport System

Transport SA has responsibility for the management of some 10,100 kilometres of
unsealed roads comprising a vast network across the far north and west of the state and
the eastern pastoral area. The roads in the outback of South Australia are vital links for
local communities and provide access to the region for important economic activities
such as mining, pastoral activities and tourism ™.

Within the unsealed network there are a number of principal routes, which serve as
major transport links carrying a significant proportion of commercial trucks and road
trains eg:

9 Strezlecki track servicing the Moomba gas field

9 Birdsville track servicing the western Queensland stock route

91 Copley Balcanoona servicing tourism and proposed Beverley mining
development

In other circumstances, the traffic on these routes could perhaps justify bituminous
sealing, but is economically prohibited by:

1 Long distances requiring major funding and road construction activity

1 Availability of road making materials appropriate to bituminous surfaced roads

1 Extreme environmental operating conditions implying high operating costs
through maintenance and resealing.

As a result, for the foreseeable future such transport routes will remain unsealed.
1.2 Performance Improvement

By comparison to sealed roads, unsealed road performance is typified by:

Low traffic volumes but vital transport routes
High operating costs in routine maintenance grading and re-sheeting.
Restricted access in times of heavy rain.

High accident risk.

= =4 =4 =4 =4

High environmental and heritage impact of material borrow pits.

Within Transport SA, t hese i ssues have

mai ntenanceo techniques that pstios.vihigdtechniguapr ov e d

Materials Technology Research and Development

copley report unsealed roads
29/07/2010

been

a



MTRD Report No 97/PA/056fi Simce Longevity Treatments for 2Unseal ed

has been achieved through significant investment in providing support infrastructure to
make a source of water available.

As an addition to wet maintenance, there are a large variety of chemical stabilisers on
the market which could potentially further enhance the quality of the unsealed surface.

In a strategic sense therefore, wet maintenance with or without chemical stabilisation
has the potential to improve the use and management of the unsealed road network by
providing:

Improved skidding and braking safety with less loose gravel on the road.
Improved road safety with increased visibility through less dust.

Less stone damage to vehicles eg. broken windscreens.

Less routine maintenance grading resulting in lower operating costs.

= =4 =4 =4 =4

Increased periods between re-sheeting resulting in conservation of natural
materials.

Reduced environment and heritage impact due to less material extraction.
Reduced impact of loose material on roadside habitat.

More timely application of maintenance intervention to suit the behavioural
pattern of the unsealed surface.

This project was therefore established to quantify the physical performance of various
unsealed road surface treatments and their behavioural attributes. In addition, life cycle
costs of various road management strategies and customer perceptions of road
condition were determined.

Materials Technology Research and Development
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2. UNSEALED ROADS T FIELD TECHNOLOGY

2.1 Construction & Dry Maintenance

The structure of an unsealed road is generally comprised of a 100mm - 150mm thick
wearing course (basecourse), maybe a similar thickness subbase overlying a raised
subgrade formation. The pavement materials used are naturally occurring gravels
extracted from local pits or quarries generally processed by grid rolling Figure 1.

Figure 1 Grid roller & vibratory roller for dry crushing & compaction

In the past, because of the scarcity of water, pavement materials were placed and
compacted dry resulting in gravelly surfaces which deteriorate quickly under traffic and
erode and scour with rain.

Subsequent surface wearing characteristics eg. corrugations, pot holes, scouring, loose
material necessitate maintenance intervention via routine grading approximately four
times per year. Additional concentrated maintenance effort is also required in periods of
heavy rain or flooding when road closures are not uncommon and damage to unsealed
roads can be extensive

The typical Anor mal l'i feo for 12nwarobeforaithes eal e d
sheeting material is worn away and the sub base or subgrade exposed. At this stage
surface deterioration increases rapidly until a new sheeting layer is placed.

New materials are obtained following geological material search and complex
environmental, heritage and quarrying approval systems. This process is becoming
increasingly more difficult and protracted due to environmental and heritage issues as
well as depleting suitable sources. Therefore any process which increases the re-
sheeting intervention time impacts significantly on road operating costs and
environmental acceptance.

Materials Technology Research and Development
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2.2 Wet Maintenance

Since about 1994, Transport SA Northern & Western Region have progressively
introduced wet maintenance practices to major unsealed transport and tourist routes.
This has been achieved by investing in infrastructure eg. bores, pumps and storage
ponds to provide a local construction water supply. In addition, a significant increase in
plant and equipment is necessary as well as associated increases in the gang labour
force.

The specific resources, plant and equipment for both dry and wet maintenance are
detailed in Section 7.2 associated with life cycle costing.

The introduction of wet maintenance on the unsealed roads network recognised that a
better quality riding surface coupled with potentially longer maintenance intervention
periods could be achieved through:

9 Higher compacted densities being achieved to lower permeability and decrease
erosion and surface softening.

9 Fine material being mobilised by dilation during compaction leaving a tight surface
with improved gravel retention.

Two forms of wet maintenance are adopted viz:

8 Intervention grading where material is simply graded back over the pavement
from the sides, watered, reshaped and compacted. This maintenance is process
is invoked between major wet maintenance interventions as needed.

8 Major intervention maintenance where the pavement is ripped, watered and
grader mixed, shaped and compacted.

The sheeting process involves carting and applying water over the loose placed and
spread sheeting material followed by grader mixing by windrowing from one side to the
other.

Shaping, compacting and final trimming follow prior to surface tightness being developed
by slurrying and compacting with a multi tyred roller. Figures 4 i 6 illustrate typical
construction activities.

Figure 2 Bore water storage dam

Materials Technology Research and Development
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Mai ntenance Su

Since its introduction, wet maintenance surfaces have proved to last up to 12 months
before any maintenance is required whereas dry maintenance required intervention
grading every 2 to three months.

Because of the significant investment in support infrastructure, plant and resource
requirements, the Region requested as part of this project that a cost benefit life cycle
costing be undertaken to establish future strategies.

Materials Technology Research and Development
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3. CHEMICAL STABILISATION

3.1 Applicability of Chemical Stabilisation

Chemical stabilisers come in either liquid or powder forms ideally suited for incorporation
with wet maintenance because they are simply added to the compaction water.
Additionally, unlike traditional stabilisers (eg. cement, lime and bitumen) where
approximately 48 tonnes per kilometre is required (2%) chemical stabilisers are ideally
suited in remote areas because they only use approximately 180 litres per kilometre.
Consequently, significant savings in transportation and storage costs are made.

Over the whole range of chemical stabilising products, they are most applicable to
materials with significant fines contents and moderate plasticities, which are the same
material requirements for unsealed surfaces.

As natural dispersants, they mobilise the fine fractions within the material and provide
bonding characteristics by gluing or ionic exchange. In addition, most have an oily base
that acts as a waterproofing medium.

In an unsealed road surface situation these products have the potential to both bind the
fine material together to lock in aggregate and suppress dust as well as provide
waterproofing to the pavement surface.

3.2 Chemical Stabilisation Products

There are many brand names of chemical stabilisation products in the market, each of
which falls into one of six generic categories ¥ viz:

1. Salts: hygroscopic and deliquescent chlorides eg. Sodium, Magnesium,
Calcium chlorides. Act by absorbing water before liquidating.

2. Organic: derived from sulphonating processes eg. Sodium, calcium,
ammonium lignin sulphonates from wood pulping or fruit industries (D-
Limonene). Act as clay dispersants and cohesive bonding agents.

3. Petroleum based: derived from waste oils and bituminous products eg.
Recycled oils, bitumen emulsions. Act as cohesive bonding agents.

4. Electro Chemical: sulphonated pertroleums and enzymes. Specifically
manufactured as highly ionic. Act as cohesive bonding agents through
electro chemical polarisation of clay particles.

5. Microbiological: specially formulated and act by applying microbes to clay
fractions, developing polymeric cohesive bonding agents.

6. 6.Polymers: PVC or PVA based products specially formulated to act as
cohesive bonding agents.

Materials Technology Research and Development
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An inventory (alphabetical) of chemical stabilisation products currently available is shown
in Table 1. This list is not exhaustive and no attempt to categorise products into the
above generic groupings has been undertaken because of the confidential nature of
some formulations.

Table 1 Chemical Stabilisation Products & Suppliers (at May 1999)

Product Name Agent or Manufacturer

Bitumen Emulsion = | BP Bitumen, Kororoit Creek Rd, Altona North, Victoria, 3025

Claycrete The Hampshire Group Pty Ltd, 8 Cohn St, Carlisle WA 6101

Dustex - Emeco, 510 Great Eastern Highway, Redcliffe, WA, 6104
Endurazyme World Enzymes Australia Pty Ltd, 49 Cutler Rd, Jandakot, WA, 6164
Magchlor Penrice Soda Products, Magazine Rd, Dry Creek, SA, 5094
Dustmag

Rainstorm Dust Control Pty Ltd, PO Box 190, Nuriootpa SA 5355
Paczyme

Reynolds RT 12~

Reynolds RT 20 ° Reynolds Soil Technologies, PO Box 155, Fullarton, SA 5063

Road Tech 2000~ Acron Pty Ltd, 364 Brookfield Rd, Kenmore Hills, QLD, 4069

Roadbond EN-1" Pavebond Pty Ltd, 26 Duncan Rd, Dry Creek, SA, 5094

International Soil Science (Australia) Pty Ltd, PO Box 7734, Bundall
Qld 4217

Warajay Civil & Mining Services, PO Box 173, Redcliffe, Qld 4020

Roadbond SS 2-3-5"

Warajay DWB100T
Warajay DWB106P

\é\izzlill?glzo Wesco Technologies Australia Pty Ltd, PO Box 16 Lochinvar NSW 2321
Polyroad Polymix Industries Pty Ltd, PO Box 1584 Wodonga Vic 3689

Product names may be subject to patent

Products incorporated into the trial at time of construction in January 1998

%

Products added at a later date at other locations on the Copley i Balcanoona road.

Materials Technology Research and Development
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4. ESTABLISHING THE FIELD TRIAL SITE

4.1  Selection of Products and Trial Site Layout

The trial site was incorporated into programmed re-sheeting approximately 90 kilometres
of RN 16021 [Copley 1 Balcanoona] as part of the Flinders Ranges Tourist Road
Strategy.

The main trial section began from the outskirts of Copley proceeding eastwards

Products were selected on the basis of availability, commercial interest and potential to
provide a long-term solution (ie some salt products are only temporary treatments). Five
products were initially incorporated into the trial section.

Over time, other product suppliers showed interest in the trial and inclusion of two
additional products were accepted on a no product cost basis. Whilst not possible to
directly relate performance to the main trial section, the two additional products were
incorporated at different locations for indicative comparison.

One kilometre long product trial sections were constructed interspersed with shorter
untreated sections (wet maintenance) acting as controls as detailed in Table 2.

Table 2 Trial Section Layout

Trial Section  Chainage metres  Length Treatment
00 - 200 Excluded from trial
1 200 - 388 388 Wet maintenance
2 388 - 1523 1135 Roadbond EN - 1
3 1526 - 2331 805 Reynolds RT 12
4 2331 - 2906 575 Wet maintenance
5 2906 - 3725 819 Reynolds RT 20
6 3725 - 4018 293 Wet maintenance
7 4018 - 5164 1146 2% Bitumen Emulsion
8 5164 - 6164 1000 Dustex

4.2 Modifications To Wet Maintenance

Re-sheeting unsealed roads in the far north of South Australia using wet maintenance is
a well-established technique undertaken with considerable expertise by the TSA
Gammon Ranges Road Maintenance Group. In addition, the availability of the Copley
Balcanoona project as a large project made selection of the trial site simple.

Materials Technology Research and Development
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One of the constraints to introducing chemical stabilisation into unsealed road
construction and maintenance practices was that the process should not introduce
additional plant eg. rotary mixer and spreader tanker traditionally used for powder binder
stabilisation. Therefore chemical stabiliser products were selected such that they could
be added directly into the water tanker and mixed by grader.

The dosage rates and associated product only costs per kilometre are shown in Table 3

Table 3 Stabiliser Product Details and Costs

Product Container Size Usage Rate Cost & quantity per Kilometre
Roadbond ENL 20 litres 1 litre per 65 nt $4 280 & 185litres
Reynolds RT 12 200 litres 1 litre per 5 M $4 200 & 240 litres
Reynolds RT 20 200 litres 1 litre per 6 M $1 606 & 200 litres
Bitumen Emulsion 200 litres 1 litre per 6 M $4 000 & 200 litres
Dustex 25 kg bags 1 tonne per 133.5°° $10 337 & 9 tonnes

The three liquid products viz: Roadbond EN-1, Reynolds RT 12 and RT 20, in
concentrated form are extremely acidic and special precautions are necessary when
handling them.

With all chemicals handling, a breathing mask, gloves and apron are mandatory
protection from spillage.

Roadbond EN-1 supplied in 20 litre containers can be lifted and poured into the tanker.

Both the Reynolds products and bitumen emulsion are supplied in 200 litre containers
necessitating mechanical means of adding to the tanker. Initially a plastic hand pump
was purchased but because of the static head and viscous nature of the liquids it did not
have the capacity to discharge directly into the tanker. As a result, the products were
siphoned into the Roadbond EN-1 containers and manually handled.

The Dustex product, being a powder requires a recirculating pump fitted to the tanker to
mix the product prior to spreading. However, because of its gelatinous nature when
wetted, thorough mixing is required.

Working with the bitumen emulsion it was necessary to first bring the material close to
opti mum moi sture content in order to prevent i

4.3  Sheeting Material

The trial sites were constructed in 500 metres of full width pavement lengths, which
relates to a typical daily completion length under wet maintenance. Product application
rates as recommended by the suppliers were therefore calculated on this basis.
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In practice the daily completion length can vary dependent upon haulage distances

(pavement material and water) and the quantity of water required (ie related to OMC and
insitu moisture content).

For the Copley project approximately 80 000 litres of water and 1500 tonnes of sheeting
material was required for each 500 metre section.

Sheeting material comprised weathered shale, which was raised from the borrow pit by
ripping and stockpiling Figure 6

Figure 6 Stockpiled material in Copley Pit.
Laboratory characteristics of the pit material are shown in Figure 7
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Figure 7 Laboratory Classification

In terms of the suitability of the material for chemical stabilisation, product literature

generally refers to a minimum plasticity index of 10 and a minimum fines fraction (finer

than O0.425mm) of 20 %. The Copley materi al t hi
plasticity index is at the minimum and the percent fines below that recommended.
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4.4  Laboratory Assessment of Chemical Stabilisers

Traditionally strength tests like the CBR test have been used to evaluate the
effectiveness of adding a chemical stabiliser. However, often these results do not relate

to field conditions (particularly soaked CBR) and give little indication of product
effectiveness.

Accordingly, a |l aboratory Adrip testdo was dev
some indication of product effectiveness with a particular soil. The test was made

deliberately simple and uses commonly available equipment in order that it can be used

by local authorities with limited laboratory resources and expertise.

Details of the test and a typical result are illustrated below:

Header Pipe

T ' .(\ﬁMicrojew drippers

450 mm ! ®  One water drop per second

............................. F/

(L1111 L 1L 1SS IS AL 1SS I IS LSS IS LS I SIS 1L S 1S

Material passing 2.36mm sieve compacted in five layers
Standard Compaction Mould: 105 ndiamx 115 mm high

Figure8A Dr i p Test o0 Stebilised uati on of

Figure 9 Untreated Specimen after 12 hours
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Figure 10 Treated Specimen after 24 hours & 8 days

This simple test is strongly recommended where chemical stabilisation is being

considered prior to purchasing any product. In addition, the test does provide a rapid
process by which the most suited product can be selected.

It is further recommended that the test procedure be further developed with a view to
submitting to AUSTSTAB for consideration and inclusion in their guides to stabilisation.
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5. PERFORMANCE EVALUATION

5.1  Performance Monitoring

The performance of the trial sections were assessed in a number of ways viz:
a) Structural condition from Falling Weight Deflectometer (FWD) data.

b) Riding condition from Two-Laser Profilometer (2LP) surface roughness
measurements.

c) Surface deterioration from measurements of loose material in wheel paths.
d) Surface wear from measurements of wheel path rutting
e) Visual condition from Unsealed Roads Management System.

f) Road user perceptions of Safety (vehicle control), Visibility (dustiness) and
Condition (roughness).

This report details the first 15 months performance in order to provide some early
information on cost benefits of wet maintenance and identify product enhancement to
cost benefits.

5.1.1 Climatic Conditions During the Trial

Rainfall being the most significant performance factor affecting the surface performance
was obtained from the Bureau of Meteorology for the period Jan 1998 through May
1999. The total rainfall for 1998 was 196mm and for 1999 was 80mm up until May (just
prior to maintenance intervention). The distribution of rainfall is illustrated in Figure 11.
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Figure 11 Monthly Rainfal | Jan 698 to May 0699
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5.1.2 Traffic Volumes

A traffic counting device was installed on the stock grid at the end of Section 2 and
beginning of Section 3 in June 1998. These devices are simply a geophone attached to
the grid which registers a single event when sensing vibration.

The composition of traffic on the Copley road is mainly local traffic to Nepabunna, TSA
construction traffic into Copley and tourist traffic through to Arkaroola and the
Flinderss=Gammon Ranges. Heavy commercial vehicles are few. The average daily
vehicle count (both directions) are shown below Figure 12:
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Figure 12 Average Daily Traffic Counts (Both Directions)

5.1.3 Structural Condition [Deflection & Stiffness]

Chemical stabilisation product literature frequently refers to increased strengths being
one of the attributes of using the product. Generally, the increase is in terms of improved
CBR but it is generally not clear whether the increase reflects different moisture contents
and/or increased densities of test specimens. Excepting Roadbond EN-1 used on the
Eyre Highway by TSA, no other product has been evaluated in the field using traditional
pavement deflection or insitu strength techniques ie Benkelmann Beam, Lacroix
Deflectograph, Dynatest Falling Weight Deflectometer, Clegg Hammer or Dynamic Cone
(CBR) etc.

It was therefore considered an ideal opportunity to investigate the insitu structural
characteristics of the product sections using the Falling Weight Deflectometer (FWD).
The testing was undertaken in late June 1998 (6 months after construction) to allow
some time for the chemicals to take effect and the surface was still intact.

The average maximum deflection for each trial section is shown in Figure 13. These
deflections reflect those of a typical granular pavement indicating that (per chance)
adequate pavement thickness exists in relation to subgrade stiffness.
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Figure 13 Average Maximum Deflections for each section
The corresponding curvature functions are shown in Figure 14
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Figure 14 Average Curvature for each section

From both of the above pavement attributes it is concluded that no increase in pavement
strength has been achieved with any of the products. This is in total contrast to the many
laboratory evaluations indicating significant increases in CBR etc.

As a further indication, back analysis of FWD deflection bowls was undertaken to
indicate the characteristic pavement stiffness (Resilient Modulus) for each trial section.
The back analysis Dynatest proprietary software ELMOD was used. The results are
shown in Figure 15.
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Figure 15 Pavement Stiffness [Resilient Modulus] from FWD back-calculation

Whilst some improvement in stiffness may be interpreted from Figure 15, the differences
are marginal in relation to the accuracy of the back analysis. More likely, for the Copley
material, because of the large stone size and overall coarse grading, interi stone
contacts rather than soil matrix stability (provided from the products) will dominate CBR
or pavement stiffness.

The pavement stiffness results above are therefore unlikely to represent any benefit in
terms of longer pavement life (subgrade rutting) or thinner pavement layers offered by
the stabiliser products since these only react on the fine soil matrix. However, the
waterproofing and partial cohesive properties offered by the products will contribute to
these strengths being maintained to some degree during rainy periods.

5.1.4 Riding Condition [Roughness]
The as constructed riding condition of the pavement was quantified from determining
surface roughness using the Two-Laser Profilometer.
The purpose of this testing was to repeat the testing at intervals with a view to
1 Defining a maintenance intervention condition
1 Defining an unacceptable road user condition
1 Giving some indication of time dependent deterioration

The initial results of average surface roughness for each section is shown in Figure 16
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Figure 16 Two Laser Profilometer NAASRA Roughness Counts

Clearly, the Roadbond EN-1, and Reynolds RT 12, RT 20 products that are effective
through ionic exchange, suggests that a smoother surface is achieved. These products
noticeably activated the fine silt/clay fractions when slurried with the multi tyred roller. In
contrast the Bitumen and Dustex that are effective through adhesion, resulted in rougher
surfaces due to initial hardening (cementing) prior to slurrying.

It is also noted that the untreated section No.4 also produced low roughness probably
from the material containing more fines, as the effect of slurrying is dependent upon
fines content through dilation.

Updated information will be provided as an addendum.

5.1.5 Surface Deterioration [Loose Surface Material]

Measuring the amount of loose material generated from trafficking monitored surface
deterioration. It was considered that this represented a quantitative measure of the
relative abilities of products to fAstabiliseodo t
place. Deterioration subsequently occurs as fine material is loosened (ie dust) under

traffic followed by loosening of gravel.

A simple test was developed involving a frame sectioning off one square metre of
pavement from which all loose material was removed by soft brushing and vacuuming as
shown in Figure 17.
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Figure 17 Removal of loose material from surface

Sites were selected in the outer wheel path with each test being undertaken in the same

vicinity to reduce the influences of material variations and wind. The material recovered

was subsequently fractioned on a 0.425mm sieve to indicat e a measure of AD
ifGravel 0

Within each section one site in each wheel path was selected and results averaged.
Care was taken in selecting sites so as to avoid bends, wash ways, grid proximity etc.
The frame was placed centrally over the defined wheel path taking care not bias results
by intruding into the outer rill.

Inspection and testing was undertaken approximately quarterly with one unscheduled
visit following heavy rain (42mm on 12th February 1999).

The progressive results for each trial section are shown visually in Figure 18, Figure 19
and graphically in Figure 20.
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