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MAIN ROADS WESTERN AUSTRALIA 

CONSULTATIVE ENVIRONMENTAL REVIEW 
REALIGNMENT & WIDENING OF BROOKTON HIGHWAY (M003) 

BETWEEN ARMADALE & BROOKTON 
PUBLICREVIEWPERIOD 10.05.93 TO 8.06.93 

Main Roads Western Australia is planning to construct realignments and widen the 
Brookton Highway (M003) over the State Forest Section between 14 kilometres and 57.4 
kilometres from the junction with Albany Highway, over the period November 1993 to 
May 1995. 

A Consultative Environmental Review (CER) has been prepared by Main Roads to 
examine the environmental effects associated with the proposed development, in 
accordance with West Australian Government procedures. 

The CER describes the proposal, examines the likely environmental effects and the 
proposed environmental management procedures. 

Copies of the Consultative Environmental Review may be purchased for $5.00 from: 

Main Roads Western Australia 	Main Roads Western Australia 	Main Roads Western Australia 
Waterloo Crescent 	 Mokine Road 	 Planet Street 
EAST PERTH WA 6004 	NARROGN WA 6312 	CARLISLE WA 6106 
Telephone 323 4111 	 Telephone (098) 811 566 	Telephone 470 0222 

Copies of the Consultative Environmental Review will be available for examination at: 

* 	Environmental Protection Authority * 	City of Armadale public libraries 
Library Information Centre 
8th Floor, Westralia Square 	* 	Shire of Beverley Office & library 
38 Mounts Bay Road 
PERTH WA 6000 	 * 	Shire of Brookton Office &.library 

Submissions on this proposal are invited by June 8 1993 
Please address your submission to: 

Chairman 
Environmental Protection Authority 
8th Floor, Westralia Square 
38 Mounts Bay Road 
PERTH WA 6000 

Attention: Garry Middle 

If you have any questions on how to make a submission, please ring the project officer, 
Garry Middle, on (09) 222 7103. 



INVITATION 

The Environmental Protection Authority (EPA) invites people to make a submission on 
this proposal. 

The Consultative Environmental Review (CER) proposes the upgrading of Brookton 
Highway between Armadale and Brookton. In accordance with the Environmental 
Protection Act, a CER has been prepared which describes this proposal and its likely 
effects on the environment. The CER is available for a public review period of 4 weeks 
fromMay 101993, closing on June 8 1993. 

Following receipt of comments from government agencies and the public, the EPA will 
prepare an assessment report with recommendations to the government, taking into 
account issues raised in public submissions. 

Why write a submission? 

A submission is a way to provide information, express your opinion and put forward your 
suggested course of action - including any alternative approach. It is useful if you indicate 
any suggestions you have to improve the proposal. 

All submissions received by the EPA will be acknowledged. Submissions may be filly or 
partially utilised in compiling a summary of the issues raised or, where complex or 
technical issues are raised, a confidential copy of the submission (or part thereof) may be 
sent to the proponent. The summary of issues raised is normally included in the EPA's 
assessment report. Submittors would not be identified to the proponent without the 
submitto?s permission. 

Why not join a group? 

If you prefer not to wrfte your own comments, it may be worthwhile joining with a group 
or other groups interested in making a submission on similar issues. Joint submissions 
may help to reduce the workload for an individual or group, as well as increase the pool 
of ideas and information. If you form a small•group (up to 10 people), please indicate all 
the names of the participants. If your group is larger, please indicate how many people 
your submission represents. 

Developing a submission 

You may agree or disagree with, or comment on, the general issues discussed in the CER 
or the specific proposals. It helps if you give reasons for your conclusions, supported by 
relevant data. You may make an important contribution by suggesting ways to make the 
proposal environmentally more acceptable. 

When making comments on specific proposals in the CER: 

clearly state your point of view; 
indicate the source of your information or argument if this is applicable; 
suggest recommendations, safeguards or alternatives. 



Points to keep in mind 

By keeping the following points in mind, you will make it easier for your submission to be 
analysed: 

* 	attempt to list points so that issues raised are clear. A summary of your 
submission is helpthl; 

* 	refer each point to the appropriate section, chapter or recommendation in the 
CER4 

* 	if you discuss different sections of the CER, keep them distinct and separate, so 
there is no confusion as to which section you are considering; 

* 	attach any factual information you may wish to provide and give details of the 
source. Make sure your information is accurate. 

Remember to include: 

* your name, 
* 	address, 
* 	date 

The closing date for, submission is: June 8 1993 

Submissions should be addressed to: 

The Environmental Protection Authority 
Westralia Square 
38 Mounts Bay Road 

Ct 	 PERTH WA 6000 

Attention: Gary Middle 
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1.1 BACKGROUND 

The Armadale - Ravensthorpe Road between Armadale and Brookton (known as the 
Brookton Highway) passes through an extensive area of State Forest between the 
Darling Scarp and the agricultural areas to the East. The area is included in the Darling 
System, or System 6 as it is better known and includes one Country Locality: C37 
(Brookton and Albany Highways) for which specific recommendations have been made 
by the EPA. 

Main Roads defines features along the road by means of their Straight Line Kilometre 
(SLK) distance. 

The Brookton Highway commences at 0.0 SLK on the Albany Highway, 3 km to 
the north of Armadale and ends at 519.54 SLK at Ravensthorpe on the South Coast 
Highway. 

The section of road which passes through the State Forest (SLK 14.0 to SLK 57.4) was 
originally constructed in the period 1952 to 1958, to cater for the traffic volumes and 
composition at thattime. 

Improvements to the road since then have been limited in scope and by todays standards 
the road is sub-standard in many respects, including width and alignment. 

The accident figures for the route are unusually high, including the incidence of major 
and fatal accidents. 

1.2 	SCOPE OF THE CER 

The general scope of the Consultative Environmental Review (CER) is to identi& 
potential environmental impacts arising from the proposed upgrading and widening of 
Brookton Highway through System 6 area C37, and to formulate plans for managing 
these impacts. 

The CER has the following objectives:- 

Placement of the project in the context of the environmental values of System 6 
area C37.. 
Explanation of the process which led to the decision to proceed with the proposal 
Set out the environmental impacts of the project 
Describe for each impact, the environmental management steps which should 
avoid, mitigate or ameliorate that impact. 

The CER will also describe the degree of public participation and consultation activities 
undertaken, both with the public and other concerned bodies. 



	

1.3 	THE PROPONENT 

The proponent as nominated under the Environmental Protection Act 1986 - Section 
3 8(6) is Main Roads Western Australia (Hereafter referred to as Main Roads) 

Main Roads in co-operation with Local Government, manages the States road network 
for the efficient and safe movement of people and goods as part of an integrated 
transportation system. This includes the requirement to manage, maintain and upgrade a 
valuable State asset, in an efficient, effective and environmentally sensitive manner. 

7 	 Main Roads will be responsible for design and construction of the road and the 
management of the environmental impacts associated with the project. 

Main Roads has over the years, successfully constructed and maintained many roads 
through areas of regional significance having regard to their value for conservation, 
roadside display, recreation or scientific study. 

	

1.4 	LEGISLATION RELEVANT TO THE PROJECT 

Main Roads Act (1982) 
Conservation & Land Management Act (1984) 
Water Authority Act (1984) 
Aboriginal Heritage Act (1972 - 1980) 
Heritage of Western Australia Act (1990) 
Public Works Act (1902) 
Mining Act (1978) 
Wildlife Conservation Act (1973) 
Environmental Protection Act (1986) 

	

1.5 	TIMING OF THE PROPOSED UPGRADE 

The roadworks proposed in the State Forest Area are scheduled to be undertaken 
progressively commencing in 1993. 

1.6 PROPOSAL SUMMARY 

The works (see figures 1 - 4) include widening of the existing narrow road surface, ( see 
appendix 1 )widening and levelling of gravel shoulders, construction of realignments, 
provision of overtaking opportunities and improvements to drainage and culverts. 

The intent of the proposed work is: 
To make the route available to larger trucks with a consequent saving in 

transportation costs to the rural sector in terms of produce and also for inputs such as 
fertiliser. 

To reduce the high accident rate for the route including the relatively high 
incidence of major and fatal accidents. 

To minimise the environmental impact of the works and retain and enhance the 
visual attributes of the route. 



	

2. 	CURRENT ROAD SERVICEABILITY 

2.1 BROOKTONFIIGHWAY 

Brookton Highway is part of the Armadale - Ravensthorpe Main Road which services 
the Central South Region of the State. In particular linking the agricultural areas of 
Beverly, Brookton, Corrigin, Pingelly, Kondinin, Kuhn and Wickepin, tourist facilities at 
Wave Rock and grain terminals at Fremantle. 

The Brookton Highway commences at Albany Highway in Kelmscott and winds through 
the urban area, orchards and vineyards as it climbs the Darling Scarp and then passes 
through an extensive area of the State Forest before reaching the agricultural areas. The 
area of State Forest abutting the road is within the Darling System - Red Book 
recommendation, System 6 area C37. 

The location is shown on the plan at Figures 1 - 3. 

This report addresses the management of the portion of road within the State Forest 
which lies between the 14 and 58 SLK's. 

	

2.2 	EXISTING ROAD CONDITION 

This section of road was originally constructed in the period 1952 to 1958. Maintenance 
of the seal has been kept up with reseals and seal edge repairs resulting in a serviceable 
although rough running surface. Gravel shoulders however vary from some in good 
condition to others which are steep and narrow. 

2.2.1 WIDTH 

The majority of the road consists of two 2.8m sealed lanes (See Figures 4 & 5). Some 
sections have 3. im lanes including nearly all the small radius curves. 

The desirable minimum lane width for normal mixed truck and passenger vehicle traffic 
on rural roads is 3.5m. Small radius curves should have lane widths greater than 3.5m to 
accommodate vehicle drift and driver error (see Appendix 1). 

Throughout the road a nominal shoulder width of 1.2m would have been initially 
provided, though now only about 1.0m is generally available. Crossfall (the slope across 
the surface) remains fairly normal for these widths, but shoulder slopes outside these 
widths can vary from flat to steep. Shoulder surfaces are generally slippery from loose 
pebbles, which provide little wheel traction, but are not dissimilar to those on many other 
sections of country roads. 

Newer sections of widened road, including those associated with the constructed 
overtaking lanes, generally have a narrow shoulder width similar to the rest of the road, 
in keeping with the original standard for such older roads. 



The width proposed is consistent with the minimum width that can accommodate a 
normal 1 .2m shoulder and steep batter slope, outside the seal width. This equates to 12m 
or 13m wide over most of the length of the road, extending to 16m nearer Perth where a 
section of 7.4m widened seal exists, and to about 20m at the four sections of overtaking 
lane, where the sealed width is nominally 11 m. 

Effectively, over most of the road, the clearing line occurs at about 3m to 4m from the 
edges of the seal, and is bounded by a fairly consistent line of mature trees. This 
contributes to the impression that the road is narrow, but at the same time gives the road 
added charm. A vehicle that enters this zone at speed is unlikely to be able to regain 
control and can hit the trees with fatal results. 

2.2.2 ROUGHNESS 

Roughness in certain parts of the road is a potentially dangerous feature. The NAASRA 
instrumented roughness vehicle (which counts the number of bumps per kilometre) 
indicates severe roughness (greater than 100 counts/km) over a significant length of this 
section. As a comparison, a newly constructed road would have a roughness of between 
30 - 40 counts/km and any roughness greater that 120 counts/km would indicate that the 
road is near the end of its service life, (see Figure 5). It provides a measure of the 
structural condition and remaining life of the pavement. From the users perspective, 
increasing roughness would reflect in decreased motorist comfort, adverse fuel usage, 
potential damage to goods and increased possibility of loss of control of the vehicle. 

Complaints about the roughness of the road have been received from community groups, 
including ambulance drivers, local authorities and individual transport operators, and 
there is some correlation between accident locations and areas of roughness. 

2.3 	ROAI) GEOMETRY 

2.3.1 	HORIZONTAL CURVES 

The radii used on the existing horizontal curves (curves in the horzontal plane) are 
generally much less than those used in contemporary road designs, resulting in 
tighter corners necessitating a much slower safe speed around these curves (see 
Appendix 1 for photo examples of horizontal curves). 

The close proximity of numbers of small radii curves in particular sections of the 
road reflects the earlier practice of upgrading a much older gravelled road in its 
existing location. Modern practice is to realign the road to eliminate some curves 
and improve other curves as the reconstruction becomes necessary, making the 
road safer for the public to use. 

As can be seen from Figure 6, the horizontal curves do not have a uniform safe 
assessed speed (the safe speed recommended for the curve). In fact, in each 5 km 
section of the Brookton Highway, the safe assessed speed of sequential curves 
sometimes varies quite markedly. AUSTROADS Rural Road Design Manual §35 
recomnends that the design speeds of adjoining curves should be within 10 km/h 
of each other for safety reasons. This ensures that motorists are not suddenly 
faced with a sharp bend after becoming used to gentle curves. 



2.3.2 	VERTICAL CURVES 

The large number of vertical curves, (curves in the vertical plane, on hills and 
valleys)(see Figure 7), many of which are quite small, reflect the early construction 
practice of following the ground contour when forming roads. Many sharper 
crests with low assessed safe speeds are associate with hard rock, or with 
underlying granite, and were not easily removed when the road was built. These 
sharp vertical curves together with tight horizontal curves are dangerous features 
of the road and are contributing factors to the high accident figures. 

2.4 DRAINAGE STRUCTURES 

Consistent with the roads age and era of construction, many culverts were built with 
timber decking, either on bedlog or masonry abutments and some are in a weakened 
condition. It is proposed to replace all of these with concrete culverts. There is no 
apparent evidence that they are too small for the volumes of water 

A particular problem exists in the forested water catchment areas, where ongoing 
protection of timber structures by chemical treatment against termite attack is no longer 
feasible. This is because of restrictions imposed by the Water Authority and the Health 
Department on the use of chemicals to avoid contamination of public water supplies. 

2.5 	TRAFFIC CHARACTERISTICS 

Although this road was one of the original principal radial routes between Perth and 
Upper Great Southern after its early development, it is still lightly trafficked. 

Traffic counts of 1280 vehicles per day (vpd), (90/91) were taken east of Canning Road 
and 890 vpd (90/9 1) were noted south of Ashendon Road (see Traffic Profile, Figure 8). 

Average through traffic over a period of 12 years is around 450 vehicles per day with 
higher volumes associated with recreational areas in the State Forest. 

The traffic count at 48.9 SLK in October 1992 was 704 ADT (average daily traffic, the 
traffic count on a day in October 1992). with the following traffic composition: 

Nos 
Cars 77.0% 543 
Cars with trailer 5.0% 35 
Medium Length Trucks 11.0% 76 
(2, 3 & 4 axles) 
Long Length Trucks 6.4% 47 
(3,4, 5, 6, 7, 8 axles) 
Combination Rigs 0.6% 3 

100% 704 

By way of a comparison, the 1991/92 AADT (annual average daily traffic volume from 
a permanent automatic counter) on the Albany Highway at 140.93 SLK is 1830. 



By present observation, there are a number of combination rigs (rigid truck and trailer), 
together with semi trailers hauling grain to Fremantle. This aspect is probably not 
reflected in the October 1991 figures; as grain carting would normally commence later in 
the year. A more representative picture can be obtained from the 1988/89 AADT figures 
taken at 106.48 SLK. 

No's 
Cars 62.5% 290 
Medium Length Trucks 23.2% 108 
Long Length Trucks 9.3% 43 
Combination Rigs 5.0% 23 

100% 464 

Other traffic records indicate that whereas through route heavy truck AADT numbers 
remained at a level of 8 to 10 per day between the mid 1970's and 1980's these figures 
have risen significantly to their present level of greater than 60, apparently as a result of 
Government deregulation policies in recent years, and constitute a reason for public 
concern about the adequacy of the present road. 

The road is seen to be comparatively lightly trafficked in terms of AADT, for such a 
radial route to the city, but well loaded in terms of heavy vehicle percentage. Overall, the 
road is more heavily trafficked on specific occasions during the year such as Christmas, 
Easter and the wildflower season in September/October (see Figure 9). 

2.5.1 	TRAFFIC GROWTH 

2.5.1.1 	General 
The bulk of traffic relates to population, tourism, or agricultural causes. 
Population has steadily decreased in the agricultural areas due to the inability of 
agricultural practices to support earlier densities of population.. No reason is seen 
which would reverse this trend in the foreseeable fUture. 

2.5.1.2 	Tourism & Recreation 
Although tourism is not a significant traffic component, it is not insubstantial and 
should continue to grow at least during part of each year. The West Australian 
Tourism Commission estimates that there are between 60 000 and 80 000 visitors 
annually to Wave Rock (see Figure 9), m.any of whom arrive in the 1 800 coaches 
per year. They predict that 150 000 visitors will visit Wave Rock by the Year 
2000. Increased recreational traffic between the City and the State Forest is also 
anticipated in response to increasing population and increased leisure time. 
CALM has advised that although no new recreation facilities are planned along the 
Brookton Highway, the present ones will be maintained. The traffic generated by 
the sites is about 3000 vehicles annually. 
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2.5.1.3 	Agricultural & Commercial 
A growth in primary industry heavy haulage has occurred due to freight 
deregulation and the rationalisation of rail services. Deregulation was phased in 
between 1990 and 1992, but it is not possible at this time to forecast what, if any, 
further increase in truck movements may occur due to this factor, according to the 
Department of Transport. 

Currently, B-Double vehicles (see Figure 10) up to 23m long are used to service 
other agricultural regions, but at present they are not permitted to use Brookton 
Highway due to its geometry and condition. 

Upgrading the route to allow its use by B-Doubles is likely to cause an increase in 
truck movements, although there may be some compensating reductions due to 
fewer B-Doubles being required to transport a given tonnage of goods (than the 
less efficient trucks used at present). 

Light commercial industry in the area is not substantial and being related to 
population densities, it is considered unlikely to grow in the near future. 

CALM advised that their two Winter firewood areas near Canning Dam and Metro 
road will continue in operation for about another two years. During winter, it has 
been estimated that between 100 & 300 vehicles per day visit these areas on 
weekends. 

Logging operations are ongoing in the State Forest area each year from October to 
May with an estimated 8 truck trips being generated daily on Brookton Highway 
in each direction over the next 7 years. 

Any increase in truck movements would compound the deficiencies in Brookton 
Highway and would warrant many improvements to the road. 

	

2.5.1.4 	Traffic Capture 
Upgrading and improving the road is likely to lead to the capture of traffic from 
other routes (see Figure 2). A more tolerable road must be expected to be more 
attractive to many drivers who dont use it now. 

It is probable that total AADT figures will increase from the capture of other 
traffic if the road is improved, and that a substantial growth in the heavy haulage 
component of those figures must be expected. If this component was doubled 
rising to perhaps 135 VPD, then it would represent a total percentage approaching 
that on other more heavily industrialised routes (25 to 30%). 

11 



	

2.6 	RELATIONSHIPS WITH OTHER ROADS 

The location of this road in the State Road system might suggest that it should have a 
prominent role due to its direct connection between the city and the agricultural area. 
Yet it has not taken on this role as evidenced by its limited traffic usage. 

The reasons are probably that there are other routes to the city which have been 
effectively upgraded and which provide easier driver conditions, being:- 

* 	Albany Highway to a limited degree and 
* 	Great Eastern Highway plus the YorklQuairading link across 

to Corrigin 

It is significant that when the above two routes were improved, traffic on Brookton 
Highway declined while on the other routes, it increased. 

The restriction on Brookton Highway as a route for B-Double vehicles creates added 
pressure on these other roads and also some secondary roads such as the North 
Bannister - Pingelly Road (see Figure 2). 

	

2.7 	OVERTAKING OPPORTUNTIES 

Overtaking opportunities are limited by the vertical and horizontal alignment. The mix of 
traffic, slower moving tourist traffic, faster commuter traffic, agricultural traffic including 
semi-trailers and heavy trucks, commercial vehicles and buses and the undulating, 
sinuous nature of the alignment points to the need for many overtaking opportunities. 

Traffic queueing due to lack of overtaking opportunities has been a problem in the past 
and has partly been met by the construction of four overtaking lanes in recent years, 
three for west bound and one for east bound traffic. 

Opportunities exist for creating additional overtaking zones by improving the vertical 
alignment. 

	

2.8 	ACCIDENT DATA 

Detailed accident histories for the section 14 - 58 SLK are available for the seven years 
since January 1985 until October 1991. The 47 accidents recorded represent an 
exceptionally high figure. This equates to an accident rate of 0.97 MVKT (accidents per 
million vehicle kilometres travelled) which compares unfavourably with the average 
accident rate of 0.51 for 2 lane undivided roads in WA, as reported in the output from a 
Road Safety Management System (1987 - 1991) 

12 



The severity of these accidents is as follows: 

5 Fatal 	 = 11% 
11 Injury 	 = 23% 
27 Major Property Damage 	= 57% 
4 Minor Property Damage 	= 9% 

The five fatal accidents were composed of four single fatalities and one double fatality, 
but since the date of the survey period (October 1991), there have been another two fatal 
accidents comprising one double fatality and one triple fatality. 

In the seven years to date, there have been 11 deaths on this section of road. 

The predominant types of accidents are:- 

Loss of control on verge/shoulder 28% 
Hit kangaroo 17% 
Swerve to avoid animal 15% 
Swinging too wide at a curve 13% 
Vehicle/Vehicle collision 13% 
Swerving to avoid vehicle 4% 
Other 10% 

100% 

It would appear from the above statistics that 73% of accident causes, 
(Items 1 - 4) could be attributed to the unforgiving nature of the road, (lack of width, 
steeply sloping and unsealed shoulders, lack of visibility due to insufficient clearing 
width, sub-standard curves etc) in combination with driver error. 

2.9 SUMMARY 

The road is sub-standard and requires upgrading for the following reasons: 

It is too narrow in places and some gravel verges are narrow, steep and 
slippery, causing loss of control of vehicles. 
Sections of the road are rough and can cause loss of control if speeds are too high. 
Some corners are too sharp and vehicles tend to drift across into the oncoming 
lane. 
Some vertical curves conceal oncoming traffic in areas otherwise suitable for 
overtaking. 
Wooden culverts require treatment to prevent deterioration and should be 
replaced by concrete culverts. 
Traffic accident data shows the road is almost twice as dangerous as the State 
average for two lane undivided roads. 

13 
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3. 	BENEFITS OF THE PROPOSED UPGRADING 

3.1 ECONOMICS 
The current deficiencies in width prohibit the use of B-Double vehicles on this route and 
the proposed upgrading will enable these vehicles to use it. Reduction in freight costs to 
the Central South Region using B-Doubles is estimated between $4 to $5 per tonne, 
compared with semi-trailers. Fertilizer usage in various Shires serviced by this road 
exceeds $80 000 tonnes/year and when other commodities are included, the real savings 
would be significant. The highly competitive nature of the road transport industry would 
ensure that these savings are passed on to the rural community. 

	

3.2 	BENEFIT COST RATIOS 
A benefit cost ratio has been calculated for this project using the Main Roads Rural 
Evaluation Model which is a computer program used to calculate these ratios for work 
on all West Australian roads. The standard computer input parameters recommended by 
Austroads (National Association of State, Territory and Federal Roads and Traffic 
Authorities) have been used. 

The results indicate a benefit cost ratio of: 

1.22 for no growth in traffic 
1.58 for heavy vehicle doubling 

both cases indicate a positive return to the community. 

	

3.3 	UNQUANTIFIABLE FACTORS 
Factors which cannot be quantified in the Benefit Cost Ratio include: 

The substantial financial and social costs to the community of accidents, from 
minor to major to fatal. 
Savings which are possible by improving overtaking opportunities and thus 
reducing travel time for the persons overtaking. 
Savings in transportation costs of farm produce and farm inputs such as 
fertiliser by using more cost effective (larger) trucks. 
Loss of landscape value due to widening of road. 
Increase in heavy traffic, compensated to some extent by larger loads carried, 
so less trucks required for a given tonnage. 

	

3.4 	POSITIVE AND NEGATIVE ASPECTS 

A summary table of positive and negative aspects of the proposal is given in Figure 11. 
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10 Objective Strategy Positive 

 Improve safety Widening seal , realignments Few deaths/serious injuries and minor 

reconstruction, edge lines accidents, decreased community costs due to 

widen clearing, reduce roughness accidents 

 B-Double suitability Widening Lower freight costs 
greater agricultural viability, increased 
opportunities for 
tourists to stop 

 Improve overtaking Widening traffic lanes Saving in travel time 

opportunities Improve geometry Improve mix of light and heavy vehicles 
Reduce accidents 

 Decrease roughness Overlay/reconstruction Improved rideabiity 
Lower operating costs 
Improve amenity for road users. 
Reduce accidents 

 Decrease gradients Reconstruction Reduce travel time 
Improve fuel consumption 
Reduce frustration of following traffic 

 Improve alignments Reconstruction Reduce accidents 

Improve width and 	Recondition 
state of shoulders 

Improve batter and drain 	Reconstruct 

backslopes 

Reduce accidents 
Reduce maintenance costs. Increased 
opportunity for tourists to stop 

Reduce number and severity of accidents 

Negative 

Some loss of 
landscape value 

Increase in heavy traffic 
Some loss of 
amenity to tourists 

Higher traffic speeds 

Higher traffic speeds at these locations. 
Some cut and full required 

Marginally higher traffic speeds at these 
locations. 
Possible loss of landscape value 
Some cut and lull required in places 

Some loss of landscape value 

I'.) 
c/i 



4. 	THE PROPOSAL 

4.1 GENERAL 

The project is located along the Brookton Highway between SLK 14 and 57.4 as shown 
on the locality plans (Figures 1 - 3). It is proposed to upgrade the existing 5.6m seal and 
8.Om formation to provide a 7.Om seal and 11 .Om formation width. 

For the major portion of road, the horizontal alignment has generally been retained and 
only minor, isolated improvements to the vertical design are envisaged. There are three 
major realignments to be undertaken and where there are sub-standard curves, these will 
be upgraded to a minimum safe horizontal radius of 600m. 

The nominal reserve width has been minimised (19-20m) to that considered absolutely 
necessary to provide for the geometric standards and road user safety in accordance with 
normal Main Roads practice. The road will be located within a 20m wide road reserve 
which will be dedicated at the completion of the construction works. 

4.2 ALTERNATIVE OPTION 

The option of minimising the works so that Brookton Highway is used primarily as a 
tourist route has been considered. This effectively would mean a downgrading of the 
route where perhaps no construction works will be undertaken, but it will be maintained 
and certain areas of its safety improved as well as speed limits being lowered. This 
option is not considered viable for the following reasons: 

The impetus for improving the road comes not from tourists and tourist bodies, 
but from Main Roads WA, Local Councils and local road users. 

At the moment, tourists are most at risk on the Brookton Highway from a 
deficient design, composition and speed of traffic. Downgrading the road will do 
nothing to alleviate that risk. 

There is a lack of consistency in the current design criteria of the road which 
contributes to its lack of safety. 

When compared with Albany Highway, a similar road used by tourists and which 
passes through System 6, it can be seen that Brookton Highway while of relatively high 
scenic value in places, is sub-standard in many respects: 

ALBANY BROOKTON 
HIGHWAY HIGHWAY 

Cleared Width (m) 30 12 to 13 
Shoulder Width (m) 2.5 1.2 
Seal Width (m) 7.0 5.6 

FIGURE 12 
COMPARISON OF WIDTHS 

ALBANY HIGHWAY & BROOKTON HIGHWAY 
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4.3 STANDARDS 

The standards normally used are AUSTROADS RURAL ROAD DESIGN which are 
used generally throughout Australia. 

There has been some trade off made between standards, safety and landscape values. 
Clearing will be minimised by adopting batter slopes to that considered the minimum 
necessary (see Figure 4) 

Generally, the standards adopted represent the absolute minimum required for this class 
of road. Adopting lower standards will do nothing to improve the safety and driveability 
of the road. 

For two lane, sealed roads with traffic volumes in the 500 - 700 vpd, a 7.Om carriageway 
with 2.0m unsealed shoulders, on an 11 .Om formation should be regarded as the basic 
cross section (see Figure 4). 

For the upgrading works and with due regard to the sinuous nature of the road and the 
mixture of traffic, a 7.Om carriageway 2.Om shoulders with a 0.5m seal is proposed, and 
vehicles will use the shoulders for parking in the State Forest. The slope across the 
surface will be 3% and the side slope of the table drains will be 1:6 with 1:3 fill batters 
and 1:2 back batters. 

4.3.1 DESIGN SPEEDS & REALIGNMENTS 

Horizontal Curves 

The design speed on horizontal curves has been set at not less than 110 km/h with a 
minimum radius of 600m to improve sight lines. Higher design speeds on horizontal 
curves would provide a greater element of safety and improve traffic flow, but would 
involve more clearing. 

There is a need to re-align some horizontal curves in order to achieve this safe design 
speed and to improve horizontal curve sight lines, based on AUSTROADS 
recommendations and local experience. There will be some reduction in the number of 
horizontal curves due to the realignments. 

Vertical Curves 

The vertical curve standards will be reduced from 110 km/h to 80 and 90 km/h in 
order to minimise the requirements for cut and fill. This compromises to some extent the 
sight distance available which allows a motorists to stop when sighting a low obstruction 
on the road. 
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4.3.2 LANE WIDTH 

Lane width is based on a number of considerations: 

Traffic 

AADT figures and peak hour figures are taken into consideration. Heavier 
traffic volumes on a road means frequent passing and overtaking manoeuvres and the 
path of the vehicles as a result is further from the centre line. In these circumstances, 
wider traffic lanes are preferred. 

Vehicle Composition 

Commercial vehicles are commonly the full legal width of 2.5m. Normal steering 
deviations as well as tracking errors and pavement imperfections reduce the clearance 
between vehicles in adjacent lanes. Obviously, the narrower the lanes, the more 
significant the reduced clearances become. 

4.3.3 SHOULDER WIDTH 

Shoulder width is measured from the outer edge of the traffic lane to the edge of the 
usable carriageway and excludes any borrow, verge rounding or extra width to 
accommodate guide posts, gravel, fencing etc. 

Wide shoulders have the following advantages: 

* 	Width is available for a stationary vehicle to stand clear of the traffic lanes, a 
vehicle standing partly on a shoulder and partly on a traffic lane is a hazard. 

* 	Width is available on which vehicles may deviate to avoid colliding with other 
vehicles or animals and on which a driver may regain control of his vehicle. 

* 	The resulting wider formations increase driver comfort and the quality of service 
of the road. 

* 	They contribute to improved sight distance across the inside of horizontal 
curves. 

4.3.4 SIDESLOPES & CROSSFALLS 

The side slope will be minimised to reduce the requirement for clearing (see Figure 4) 

Crossfall is the slope of the carriageway, measured at right angles to the centre line. 

The purpose of the crossfall is to drain the carriageway and to provide superelevation on 
horizontal curves. The AUSTROA.DS recommended crossfall on straights is 3% 
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4.3.5 RECOMMENDED STANDARDS 

Standards recommended by AUSTROADS for this class of road compared with 
standards adopted for the State Forest section of Brookton Highway are as follows: 

AUSTROAD BROOKTON DJFFERENCE REDUCTION IN 
STANDARDS HIGHWAY CUT/FILL/WIDTh 

design speed of horizontal curve (kph) 110 110 0 - 
design speed of vertical curves (kph) 110 80-90 20-30 up to 2.7m cut on 

centrelme 
width of dedicated strip 40m 20m 20m 20m width 
width of traffic lanes (each) 3.5 3.5 0 - 
width of shoulders 2.0 2.0 0 - 
slope of cut batters 1:6 1:6 0 - 
slope of fill batters 1:6 1:3 1:3 3m width per im 

fill 
depth of table drains 0.5m 0.4m 0.1m I 0.6m width 

FIGURE 13 
COMPARISON WITH AUSTROADS STANDARDS 

The figure illustrates the reductions made in cut, fill and widening of the road due to the 
reduction in standards. 

4.4 WIDENING 

It is generally proposed that most widening would occur only on one side of the 
carriageway, usually at the low side, to minimise any impact on the landscape. 

Widening would be kept to a minimum consistent with safety requirements. 

4.5 RECONSTRUCTION 

Where remaining pavement life is minimal or where there are specific problems with 
roughness, crossfall, or pavement failures, reconstruction works will be undertaken. 
Reconstruction of a number of minor gradients, dips and crests will also be undertaken. 

4.6 REALIGNMENTS 

There is a need to re-align some horizontal curves in order to achieve a safe assessed 
speed of not less than 110 km/h and to improve horizontal curve sight lines, provided by 
a minimum radius curve of 600m and 5% maximum super elevation, based on 
AUSTROADS recommendations and local experience. There will be some reduction in 
the number of horizontal curves; subject to the degree of realignment. 

Vertical curves will be reconstructed in order to achieve a safe assessed speed of 
80 - 90 km/h. This reduction in speed has been made to minimise the cut and fill 

- 	 required. 
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4.7 	OVERTAKING OPPORTUNITIES 

Full overtaking in the context of Brookton Highway is available with a minimum of 
900m sight distance. Intermediate overtaking can be undertaken with varying degrees of 
risk in zones of 400 - 800m. Full overtaking zones are designated by broken white 
centre lines whilst intermediate overtaking zones are usually designated by broken and 
continuous white lines side by side. 

Throughout the State Forest, it is proposed to improve the overtaking opportunities such 
that full overtaking will be available at not more than 5 - 6 km intervals and intermediate 
overtaking at not more than 3 - 4 km intervals. 

	

4.8 	DETAILED PROPOSAL 

While it is not envisaged to upgrade the Brookton Highway to the same degree as 
Albany Highway, the following improvements are proposed (see Figures 3 & 4). 
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4.8.1 Commencing in 1993/94, Main Roads, Metropolitan Division propose to undertake 
widening, reconstruction and realignment works between SLK 13.9 and 37.7 as follows: 

SLK 13.9 - 14.3 	- 	widen and overlay on existing alignment 
* 	SLK 14.3 - 14.85 	- 	80 kph vertical curve proposed still gives a 2m cut 

on centre line with possible 4m at batter 
SLK 15.3 - 15.59 	- 	curve improvement, centre line moved 2m, no significant 

cut or fill other than excavation of table drain. 
SLK 15.65 - 15.85 	- 	cut to 1.Om on centre line, no batter cut 

* 	SLK 16.6 - 17.2 	- 	realignment of 3 substandard curves at Boulder Rock 
requires a cut over 2m deep (max 2.7) on centre line over 
60m length (rocky outcrop) to give overtaking 
opportunities 

SLK 17.84 - 17.99 - 	460m radius upgraded to 600m 
* 	SLK 19.06 - 19.9 	- 	major realignment of substandard curves through 

area of rocky outcrops and in the vicinity of a creek 
gives a cut of 3 1/2  m on centre line and a fill of 7m 
crossing the creek 

SLK 20.4 - 20.8 	- 	290m curve upgraded to 600m gives a cut on centre line 
of0.5m 

SLK 21.06 - 22.07 - 	350m curve upgraded to 600m 
SLK 21.96 - 22.07 - 	460m curve upgraded to 600m gives a fill on centre line 

of0.5m 
SLK 22.7 	- 	0.6m fill on centre line over about 20m 
SLK 23.46 -23.73 - 	410m curve upgraded to 600m gives a cut of im 

and fill of 1.5m over lOOm 
SLK 24.15 - 25.5 	- 	major realignment of three substandard curves 

(410m, 370m, 340m) on completely new alignment 
through an old gravel pit and scrub land (also 
through what could be a CALM rehabilitation area) 
Cut and fill maximum im in gravel pit 

SLK 25.82 - 25.92 - 	370m radius curve upgraded to 700m 
* 	SLK 26.07 - 26.62 - 	1.6m cut and 1.5m fill on existing alignment 

SLK 27.6 - 27.8 	- 	substandard curve upgraded to 600m radius 
SLK 28.36 - 29.10 - 	existing 4 year old westbound passing lane no proposal to 

improve. 
SLK 30.2 - 33.0 	- 	Canning Bridge 300m curve to be upgraded requires 

substantial length of curve improvement/realignment 
SLK 33.0 - 37.0 	- 	some minor curve improvements necessary but no 

major works 

NOTES: 	a) 	no design work is done to date for areas between SLK 29.1 and 37.6. 
several proposed sections in Metro Division exceed the recommended 
cut of im and fill of 2m mentioned in the Visual Assessment Document. 
These have been highlighted above with asterisks. 
the realignment at SLK 16.6 - 17.2 involves a cut at the rocky outcrop 
known as Boulder Rock. This is contrary to the recommendations of 
the Visual Assessment document prepared by Main Roads Landscape 
Architect, but it is not possible to achieve the minimum standards set for 
the road otherwise. 
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4.8.2 Commencing in 1993/94, Main Roads Narrogin Division propose to undertake 
widening and reconstruction works between SLK 37.7 and 59 as follows: 

SLK 37.66 - 39.0 	- Clear and widen formation on north side of existing road 
SLK 38.0 	 - Maximum cut of 0. Sm 
SLK 39.0 	39.6 	- Clear and widen formation on south side of existing road 
SLK 39.6 - 39.8 	- Clear & widen formation on north side of existing road. 
SLK 39.7 	 - Maximum cut of 0.25m 
SLK 39.8 - 40.6 	- Clear and widen formation on south side of exiting road 
SLK 40.2 	 - Maximum cut of 0.2m 
SLK 40.6 - 42.06 	- Clear and widen formation both sides 
SLK 42.06 - 43.12 	- Clear and widen formation on north side of existing road 
SLK 42.2 	 - Maximum fill of 0.25m 
SLK 42.75 	 - Maximum fill of 0.16m 
SLK 43.0 	 - Maximum cut of 0. 15m 
SLK 43.27 	 - Maximum cut of 0.25m 
SLK 43.12 -44.75 	- Clear and widen formation both sides 
SLK 44.75 - 49.65 	- Clear and widen formation on north side of existing road 
SLK 45.12 	 - Maximum fill of 0.4m 
SLK 46.58 	 - Maximum cut of 0.2m 
SLK 47.25 	 - Maximum cut of 0.25m 
SLK 47.7 - 	Maximum cut of 0.2m 
SLK 49.65 - 50.4 - 	Clear and widen formation on south side of existing road 
SLK 49.77 - 	Maximum cut of 0.31n 
SLK 50.40 - 56.16 - 	Clear and widen formation on north side of existing road 

Any areas other than above will be cleared and widened both sides of the existing centre 
line and to the same width as above. 

NOTES: a) 	Batter slopes in sections of cut on the existing road with Narrogin Division 
will be left untouched wherever possible, other than tidying up the drains and 
the road formation widened on the opposite side of the road to minimise 
disturbance to the landscape. 

The horizontal alignment on this section will be essentially unchanged with a 
possible deviation of up to 2m from the existing alignment. 

No sections of cut or fill within this Divisions area will exceed the guidelines 
I • 	 set out in the Visual Assessment document prepared by Main Roads 

Landscape Architect, Planning in March 1992. 

Extracts from that document have been incorporated in this submission 
(see Section 5 &6). 

4.8.3 TIMINGOF WORKS 

The work will be staged, depending on funding, over a number of years, commencing in 
1993. This will allow an assessment of the impact of the project and allow adaptions to 
the Environmental Management Plan if required. 
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- 	 4.9 MATERIALS 

4.9.1 	Naturally Occurring Materials 

- 	 The various sections of the works will be constructed using local naturally 
occurring materials. 

Identification and testing of suitable sources and quantities of fill and basecourse 
gravel will be undertaken within the State Forest and Metropolitan Water 
Catchment Area; locations of these sources were identified through liaison with 
the Department of CALM and the Water Authority of Western Australia. These 
borrow pits will be outside System 6 areas. 

In these source areas, clearing of nominated trees and shrubs, boulders and rubbish 
will be undertaken. Sufficient area in new borrow pits will be cleared to allow for 
future pit shaping, storage of material cleared from access tracks, storage of 
topsoil, unsuitable material and spoil. The materials will be incorporated into the 
works in accordance with their dieback status. 

4.9.2 	Water 
Sources of suitable water quantities will be identified within the State Forest and 
Metropolitan Water Catchment Area, through liaison with the Department of 
CALM and the Water Authority of Western Australia. Two production water 
bores have been developed at SLK's 32.98 and 48.08. Both are inside the road 

- 	 reserve. 

4.9.3 	Aggregate 
Aggregate in the form of crushed rock will be brought to site from approved 
suppliers. Its function is to provide a surface layer to the road and is retained in 
position by the bitumen binder. It is proposed that the aggregate will be stockpiled 
prior to use in quarries near the route with the approval of CALM. 

These locations will be ideally be sited close to or in those areas where work is 
scheduled to be undertaken and will be located in consultation with CALM. 

4.9.4 	Rehabilitation of Borrow Pits 
In order to minimise the environmental impacts of borrow pit development, the 
borrow pits will be rehabilitated in accordance with CALM & WAWA 
requirements. It is proposed that on completion of borrow pit operations, the 
sides and floors of all new pits plus any material which may be present in the pits, 
shall be re-shaped and formed in accordance with established Main Roads 
practices for borrow pits. 

Where materials are carted to the pits, they shall be spread in the order, bituminous 
surfacing, oversize material, rock, spoil material, overburden and topsoil. Topsoil 
shall be spread evenly over the entire area and then the entire pit area shall be 
ripped along the contours. 

These pits will then be reseeded and planted with vegetation suitable for the terrain 
and location. 
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4.10 CONSTRUCTION WORKFORCE 

	

4.10.1 	General 
Camping sites and compound sites will be required for the construction workforce 
and for their plant, equipment and materials. These have not been identified as yet. 
It may become necessary to locate these sites on private land with the agreement 
of the landowner. 

	

4.10.2 	Camping 
No provision for campsites within the State Forest will be made and campsites will 
be erected elsewhere. 

	

4.10.3 	Temporary Compounds 
Sites for Temporary Compounds will be identified through liaison with CALM and 
WAWA. 

It is proposed that storage compounds for ftiel, oil and other contaminated 
materials and plant maintenance areas shall be confined to these identified sites. 

Adequate quantities of suitable materials to counteract spillages shall be kept on 
site and made readily available. 

On completion of the works, all traces of the compounds and the stored items shall 
be removed and the sites cleaned in accordance with CALM and WAWA 
requirements. 

The environmental aspects of the compounds are addressed in Section 7.2.2 
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5. 	EXISTING ENVIRONMENT 

5.1 CLIMATE 

The project area has a typically Mediterranean climate. Winters are cool and wet with 
mean maximum daily temperatures of 16°C and mean minimum daily temperatures of 
8°C. Approximately 60% of the annual rainfall falls in winter. It varies from 1000mm in 
the west to 650mm in the east of the project area. 

Summers in the project area tend to be hot and almost rainless. Mean maximum daily 
temperatures reach 31°C and mean minimum daily temperatures fall to 17°C. On 
average, 2 rainy days can be expected in this season. 

5.2 GEOLOGY 

Located on the Yilgarn Block, the project area lies on a stable area of Archean crystalline 
rock intruded by belts of metamorphosed sedimentary and volcanic rock. The parent 
rock is principally granite (Biggs and White 1980). 

Mineral resources in the area are mainly bauxite found in local lateritic deposits. Pisolitic 
lateritic gravel is also available for road construction purposes. 

	

5.3 	LANDFORM AND SOILS 

The road in this section of the Armadale - Ravensthorpe Road traverses the "Old 
Plateau" which is characterised by its lateritic uplands. In the West, these have an 
elevation of about 255 metres above sea level and they gradually increase to the East to 
320 metres at the Eastern extremities of the project area. 

The road generally crosses the upper reaches of the Southern side of the Canning River 
catchment and the Northern side of the Serpentine River catchment. In the West the 
valleys are deeply incised into the plateau resulting in quite rapid changes in elevation 
along the road. As the road moves East, the valleys become broader and the terrain 
more undulating. The Eastern end of the project reflects the Eastern edge of the "Old 
Plateau" where the stream flows tend East and North into the Avon drainage system 
(Bettenay and Mulcahy, 1972) rather than west. 

Valley types, as described by Bettenay and Muncahy (1972), which occur in this area 
include the Goonaping type, as found in the upper Darkan River, the Beraking type 
found to the west of the Goonaping type and the Darkan type which occurs immediately 
east of the Darling Scarp. All three valley types are found within the project area. 

The dominant soils are lateritic gravels consisting of up to 5 metres or more of ironstone 
gravel with a yellow sandy matrix and related lateritic materials with ironstone gravels in 
a sandy matrix overlying a mottled yellow-brown clay subsoil. A clay zone of up to 30 
metres deep can be found below this layer. On ridge tops and occasionally on slopes, 
massive ironstone pavements can be found. Slopes may be up to 8° in relief. Gravels 
downslope are generally finer and may grade into yellow earths in their lowest sections. 
Mid-slope gravels are moist, and are frequently mined for bauxite (Mulcahy, 1973). 
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The broader valleys of the more extensive divides generally carry grey sands over 
ironstone gravels or solonetic profiles, both of which have deep pallid zones beneath. 
The more incised valleys downstream carry a range of soils including red and yellow 
laterite materials and red and yellow earths (Mulcahy, 1973). 

It is not unusual to find large granite outcrops within this area, examples of which exist 
adjacent to the existing road. 

5.4 FLORA AND VEGETATION 

Vegetation types along the project route reflect climatic change and changes in soil 
types. In the west, the vegetation is dominated by Jarrah (Eucalyptus marginata) forest. 
Math (Eucalyptus calophylla) grows with the Jarrah in some areas. Smaller trees in 
these associations include Sheoak (Allocasuarinafraseriana), Bull Banksia (Banksia 
grandis) and Snotty Gobble (Persoonia longifolia). 

The Swan River Blackbutt (Eucalyptus patens) occurs in the more dissected valleys and 
the broad valley floors support communities of Paperbark (Melaleucapreissians) and 
Swamp Banksia (Banksia littoralis) over heaths and sedges according to the soil 
moisture characteristics. 

Granite outcrops and boulders have characteristic flora including lichens and mosses, 
some tussock plants and shrubs. 

- 	 A MarrilWandoo woodland community in the valleys replaces the jarrah where soils are 
shallower and have lower water storage capacity. 

As rainfall declines to the east, Wandoo mixes with the Jarrah, finally replacing it where 
rainfall decreases below a 500mm average. Lower storey vegetation also changes and 
the resultant woodland becomes more open and lower in overall height. In the heads of 
the broad valleys described above, woodlands of Banksia attenuata are common while 
wet sites will support paperbarks and Swamp Banksia with heath and sedge understorey. 

Maps showing the distribution of canopy dominant types are shown at Figures 14 to 16. 

Generally the vegetation is in good condition, although areas in the immediate roadside 
tend to be weedy with populations of African Lovegrass (Erogrostis curvula) being 
common in relatively disturbed areas. With Prickly Pear, it occupies areas of Kangaroo 
Gully and is a concern at this site. Weediness is not a feature of vegetation outside the 
immediate roadside. 
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Indications of dieback infection were exhibited at four (4) sites along the project route 
and Jarrah appeared to be under stress at eight (8) other locations. This is discussed 
more ftilly in section 7.3 

In a survey carried out in April/May 1992, a total of 189 classifications from 49 families 
of vascular flora were identified. The timing of this survey would not have resulted in 
recording of many annual and less conspicuous perennial species. Exotic species 
comprised 21 of the classifications identified with two (2) non-native eucalypts also 
being located. 

The most common families identified were the Proteaceae (Banksia, Hakea, Grevillea), 
Papillonaceae (Pea-flowered plants) and Myrtacaea (Eucalypts and Myrtles). The 
Acacias, sedges, heaths and Hibbertias were also common throughout the study area. 

No Declared Rare Flora were identified during the survey, although six (6) species are 
known to have ranges which include the project site. 

One species, Plalysace cirrosa, a Priority Two listed species was located in the project 
study. Another twelve (12) species listed in the first three levels of priority lists may 
possibly occur in the area, based on their likely distribution. A Priority Four species, 
Hibbertia montana, was located at Kangaroo Gully. The species is considered rare but 
not threatened. 

5.5 FAUNA 

It is likely that the vertebrate fauna of this area comprises 15 frog species, 47 reptile 
species, 26 mammal species (including 6 introduced species) and 96 bird species, two of 
which are introduced species, based on field observations, Museum records and literature 
references. 

Frog species are reasonably widespread although those species whose distributions are 
centred on the escarpment area could be more affected by this project. Myobrachtus 
gouldii may occur in the areas of Banksia woodland on sand and would represent the 
western most extreme of its easterly population distribution. Its westerly population 
distribution occurs on the Swan Coastal plain. It does not require wetlands to 
reproduce. 

Several reptile species likely to occur in the study area are confined to the Jarrah forest 
area of the escarpment. Others are specifically confined to granite outcrops and 
boulders. Species in need of protection which may occur in the project area, are the 
Carpet Python (Morelia spilots) and the Woma or Rock Python (Aspidites ramsayi). 

The majority of mammal species likely to occur in the project are widespread but several 
are significant. These include the Chuditch (Dasyurus geoffroii), Numbat (Myrmecobius 
fasciatus) and Quenda (Isoodon obesulus), which are gazetted rare fauna. Evidence of 
the Quenda was found on a tributary of Beraking Brook and possibly also on Canning 
River East. The Chuditch could occur throughout the project area and the Numbat is 
most likely to be found in the Wandoo forest toward the east end the project area. 
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The Quenda uses wetland areas as habitat and its presence was determined on a tributary 
of Beraking Brook and the Canning River east branch may also provide habitat for this 
mammal. 

The Chuditch could occupy all habitats along the route, however the Numbat will be 
confined to the Wandoo woodland if it is present. 

Rabbits, foxes, pigs and cats are also known to occur in the areas around the road. 
Rabbits are confined to highly disturbed sites and pigs favour wet and swampy sites. 
Foxes are known predators of numbats (Friend and Kinnear 1983). 

It is known that 96 bird species may occur within the project area, the majority of which 
are regularly present. Nine (9) species are of note. Of these species the Crested 
Shrike-tit and the Barking Owl are classed as rare and endangered under the Wildlife 
Conservation Act (1973). Fauna in need of special protection included the Peregrine 
Falcon, Carnaby's Black Cockatoo and the Red Eared Firetail which are known to occur 
in the area. 

The Mallee Fowl and the Bush Thick-knee are known to be declining in abundance 
within their range which includes the project area and the White-breasted Robin and the 
Red-winged Fairy-wren are at the northern limit of their distribution, although endemic 
to the south west. 

Only the Red-eared Firetail and the Red-winged Fairy-wren were sighted in this study, 
both being at Poison Gully. 

Most species of bird are wide ranging, however some have preferred habitats. The 
Wandoo woodland is the preferred habitat of the Crested Shrike-tit, Mallee Fowl and 
Bush Thick-knee. The Red-eared Fairy-wren, the Red-eared Firetail and the 
White-breasted Robin prefer stream zones in the Jarrah forest with the Firetail also using 
the dense understorey of the forest adjacent to the streams. 

Within the project area, the stream zones, Wandoo and Banksia woodlands, rocky areas 
and Jarrah forest are particularly significant due to the dependence of specialised fauna in 
these areas. Stream zones will be treated with particular care when completing 
roadworks in the area. 

5.6 	LAND USE 

The project area through which the Brookton Highway passes is State Forest with 
management priorities of water and natural landscape conservation. 

Within the project area, specific sites at Boulder Rock and the Lesley town site are 
popular recreation sites. In areas nearby, opportunity is provided for the collection of 
firewood by private and commercial interests and timber is harvested for processed wood 
products. 
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DRAFT - DARLINC PLATEAU - LANDSCAPE CIMRACTER TYPE SCENIC QUALITY CLASSIFICATION - FRAME OF REFERENCE 

A. nrcu SCENIC QUALITY B. MODERATE SCENIC QUALITY C. LOW SCENIC QUALITY 	- 	- 

1. Isolated peaks or hills with 1. Rounded and/or undulating broad 1. Significant expanses of 

distinctive form and colour contrast peaks or hills that are not slightly rolling terrain 

that become (ocnl points 	(eg: Mt. Roe, visually dominant from adjacent that are not dramatically 

Mt. 	Mitchell.) landmnrms. defined by adjacent 
landform. 

2. Well defined steep-sided narrow  Lateral 	tributary and broad 

valleys, shallow valleys lacking 
distinction. 

 Rock outcrops. cliffs, boulders or 
groups of boulders. 

.1: 

1. Distinctive vegetation unusual in 1. Predominately open forest. 1. Extensive areas of 

density. species composition. growth woodland and flats combined similiar vegetation and 

habit or texture in comparison with natural openings and very limited in pattern. 
and/or colour. texture 

to the surrounding vegetation, species mix in pattern that 
offer some visual diversity. 

2. Strongly defined patterns of such 
combinations as eucalypt forest.  Vegetative pattern evident but 

woodland and water associated of common pattern relative to 

vegetation, the surroundinq landscape 
LO character. 

 Dramatic displays of seasonal colour. 
3. Some contrast created by 

seasonal colour. 

'4 

.E 1. Major lakes, reservoirs, rivers. 1. Inter,mittent streams, 	reservoirs 1. Wnterforms absent." 

screams and swamps. and svamp areas. 

NOI'I: 	- Only those waorformi which are visible on aerial phoegraphs of nppi'oximately 1:50,000 scale are clas.ified 

and mappod. 
- Water forms are of visual significance and therefore rte no lower than Moderate Scenic Quality. 



FIGURE 18 

THE MAIN ROADS WESTERN AUSTRALIA LANDSCAPE 
ASSESSMENT AND MANAGEMENT METHOD 

A: MAIN ROADS MISSION STATEMENT 

B: LANDSCAPE OBJECTIVES#] - 

C: 	REGIONAL LANDSCAPE STRATEGIES 0: 	ROAD LANDSCAPE STRATEGIES 
Define receiving environment 
by identifying and comparing 

i 	Assess landscape and 
visual 	elements. 	# 

landscape character. types.# 
ii 	Identify broad opportunities 

ii 	Assess historic, 	cultural 
- 	and ecological elements.# 

and constraints.# 
iii 	Develop broad guidelines used 

iii 	Identify opportunities 
and constraints. 

to compare strategic options. 
iv 	Develop landscape strategy.+ 

iv 	Recommend landscape 
treatments.+ 

LANDSCAPE DESIGN PROCESS 
Base survey 	 Landscape Detail 	Documentation 
data collection . 	analysis# design# 

CONSTRUCTION OF WORKS 
Protect existing 	Earthworks Planting 	 Weed 
vegetation 	 Structures Seeding 	 control 

MAINTENANCE OF WORKS 
Weed 	. 	Replacement Pruning 	Safety 
control 	 planting . 	guidelines 

1 

MONITORING WORKS 
Trial 	plots 	Design Changing 	Minor - 
Survival 	rates 	intent# values# 	redesigri# 

# 	Community consultation through gathering information and gauging 
public perception and expectations. 

+ 	Community Consultation by public review of recommendations. 
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FIGURE 20 

VISUAL ELEMENTS 

LOW MEDIUM HIGH 
QUALITY QUALITY QUALITY 
LANDSCAPE LANDSCAPE LANDSCAPE 

CONTRAST 
Inappropriate 	or Inappropriate contrast tow 	contrast 	in Contrasting 	but High contrast in 

harsh contrast 	of of 	landscape elements landscape elements, suit.able landscape relief, 	planes. 

landscape elements. with 	subdued 	colours subdued 	colours elements 	with 	a colours. 	shapes 

giving a confusing and 	textures and textures and range 	of colours and 	textures 

range 	of textures 
with 	indistinct and 	textures with 	sharply 

and 	colours edge 	contrasts defined 	edges 

HARMONY Inappropriate and 
random scattering of' 

Honotonouo 
occurrence of Harmony between two fppropriate, rhythmic 

All of the elements 
relate to each other 

unrelated elements unrelated or or 	more 	elements relationship 	between giving a dynamic and 
giving a 'one of random elements giving 	a soothing, elements with similar 

exciting 	sense 	of 
everything' result predictable quality colours, 	textures and drama using similar 

shapes 	- colours and textures 

o IV E RS I TY evolved Only single elements. Two or three elements. Some diversity found vegetative 	species hichli 

colours 	or textures textures or colours as between 	two or more abundant 	with 	many and 	complex system 

present, 	as 	occurs found 	in 	vegetative elements giving se habit5ts 	and 	edges of 	three 	or 	more 

in vegetatively 	and mono-cultures or areas bio-diversity 	with and strong but varied landscape 	elements 

structurally 	barren newly 	colonised or of more 	edge 	effects, llns between species with many edges and 

areas a 	single landuse structural diversity and elements high 	bin-diversity 

and species richness as 	in a 	wilderness 

Note: 	There will be a point at which too much contrast is 
distracting, too much harmony is bland and too much diversity is visually 

confusing. 

The ranking of the Landscape Elements and the Visual Elements is not an 
attempt to place value judgements on specific landuse types or give 
quantitative values for various areas. They are intended to guide Main 
Roads WA towards understanding the perceived landscape, the human values 
that lead to perception of the landscape, the potential impacts that 
roadworks can have on the landscape and ways in which impacts can be 

mangaged to get the appropriate result. 

The elements depicted result from a combination of different sources 
including results from studies conducted by the United States Department 
of Agriculture, various visual assessment methods especially a method 
developed by the Main Roads WA landscape design group, accepted landscape 
design philosophies, professional experience and comments from the 

general public. 
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5.7 	SOCIAL VALUES 

Along this route there exist places of social interest to the community. The interests 
include the educational value provided by the transition of forest types along the road 
and the aesthetic value to motorists travelling through the area, and to tourists who 
travel along the road enroute to Wave Rock at Hyden. 

5.8 LANDSCAPE 

In the System Six Report (EPA 1983), the area C37 was set aside to provide 'the best 
opportunity to see the natural vegetation of the Darling Range, especially the forest of 
jarrah, marri and wandoo in extensive areas'. The report also recognised the diversity of 
understorey and the reflection of soil type and rainfall in the understorey. The appeal to 
visitors to the area was also considered. 

5.8.1 LANDSCAPE CHARACTER TYPE 

Under the CALM landscape and visual assessment method the area is part of the Darling 
Plateau. Under the Main Roads method, the landscape character for the area is rural, 
forest plateau. 

5.8.2 EXISTING VISUAL QUALITY UNDER THE CALM SYSTEM 

Under the CALM system, the study area has a very high viewer sensitivity. The 
landscape character type scenic quality classification frame of reference shown in Figure 
17 indicates that the area has a moderate scenic quality for landform, a moderate to high 
scenic quality for vegetation and moderate scenic quality for waterforms. 

CALM has not mapped specific visual quality areas for this area. However due to its 
moderate to high scenic quality the area is classed as a Visual Resource Management 
Zone A. Due to the regional use of the highway the surrounding area has a Viewer 
Sensitivity Level of 1, which applies to viewing areas of State significance with high 
levels of use. 

5.8.3 EXISTING VISUAL QUALITY UNDER THE MAIN ROADS SYSTEM 

Under Part D of the Main Roads method, the study area was assessed for the landscape 
elements and visual elements shown in Figure 19 and Figure 20. These elements 
represent general public perceptions. The study area doesn't contain water elements 
visible from the road although water is suggested by the bridges and gullies along the 
route. The area has very few structures. The existing visual quality is shown in Figure 5 
with examples of each category being represented in Appendix 2. 

5.8.4 VERY HIGH VISUAL QUALITY 

Areas of very high visual quality are generally within the taller forest where there are 
views towards the higher hills around the study area. These areas are difficult to identify 
on a map as they tend to occur sporadically as one drives along the route. 

46 



5.8.5 HIGH VISUAL QUALITY 

Two areas are of high visual quality. The largest area occurs between Kangaroo Gully 
and Canning River East, being very intact and with the landscape elements of landform 
and vegetation providing appropriate harmony and diversity. Appendix 2 (Figures 1 & 
2) shown an example of an area of high visual quality 

5.8.6 HIGH/MEDIUM VISUAL QUALITY 

The areas of medium visual quality generally occur where a contrasting landscape 
element such as a different vegetation type intrudes into the indigenous vegetation type. 
The pine forest near Yarra Road, Appendix 2 figure 5, while not necessarily being of low 
visual quality in itself; reduces the visual quality of the surrounding area because: 

There is no transition zone between it and the surrounding vegetation types 
whereas transition zones between vegetation types is typical of this area. 
It is mono-specific with few varying features whereas diversity is typical of the 
surrounding area. 
There is no apparent reason to justify its location whereas most of the surrounding 
vegetation types are a response to topography changes. 

Some of the pine forest areas along the road are not as intrusive in that they are more 
integrated into the surrounding forest. All the pine forests have a positive value in that 
they are indicative of human action where they show the effects of the successional 
colonisation of the forest by indigenous species, they can also have a positive educational 
benefit. While a reasonable intact forest reserve is not the most appropriate location for 
a pine forest, the resultant landscape is still of high to medium visual quality. 

5.8.7 LOW VISUAL QUALITY 

No areas of low visual quality exist on this section of road. 
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6. 	ENVIRONMENTAL IMPACTS 

6.1 VEGETATION 

The main impact of the proposal on the vegetation is through clearing to accommodate 
road widening and associated drainage. This work is to be kept to an absolute minimum 
through the State Forest section. 

There is the potential for excessive clearing to diminish an important source of genetic 
material which is easily accessible and of a generally healthy nature. Other impacts on 
the vegetation could include: 

possible spread of weedy exotic species 
possible spread of the dieback fungus 

6.2 BORROW PIT DEVELOPMENT 

Borrow pits will be located outside the road reserve and outside the System 6 area, but 
could have an impact in the loss of conservation and values, aesthetics and recreational 
values on adjacent lands. 

Pits within the WAWA catchment area have the potential for interference with ground 
and stream water through sediment mobilisation and stream pollution. 

Other impacts of borrow pit development may include:- 
* 	Wind erosion and dust generation 
* 	Noise and vibration 
* 	Lifestyle and land values 
* 	Traffic generation 

6.3 DIEBACK 

In Western Australia, dieback is the common name given to a disease caused by 
microscopic soil borne fungi of the genus Phytophthora. These fungi are not native and 
cause damage through the production of small mobile spores that are spread by water 
and large spores which will survive in soil and plant material. The spores infect 
susceptible plants roots and as the fungus establishes, it rots the roots and may kill the 
plant. 

Some plants die rapidly upon infection like Banksia, but some trees like Jarrah often die 
gradually. Some plant communities become so badly effected, that they are in danger of 
becoming extinct. 

The most common and best known of the seven species of dieback is Phytophthora 
cinamoni. Dieback is know to attack at least 900 plant species, especially coastal heaths 
dominated by Banksia. 
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In addition, the disease affects faunal habitats by changing the composition of the plant 
communities. When dieback becomes established, it has the potential to destroy entire 
populations of indigenous species as well as significantly affect revegetation, 
stabilisation, erosion, salinity, conservation value and forest production. 

The Brookton Highway passes through areas which are affected by dieback in varying 
degrees. 

Inspections have been carried out by CALM and areas have been designated as follows: 

areas affected by dieback 
areas suspected of harbouring dieback 
areas free of dieback 
areas which are uninterpretable (due to burning) 

It is intended to carry out a detailed dieback survey of the route not sooner than 3 
months before the commencement of construction to ensure that the results obtained are 
up to date. 

The work will be carried out in such a way that it has no impact on the existing dieback 
problems (see Section 7) 

6.4 ABORIGThTAL SITES 

In order to determine the type and location of Aboriginal Sites along the Brookton 
Highway, Main Roads commissioned consultants Rory O'Conor and Gary Quartermaine 
to undertake a comprehensive survey of designated areas along the Brookton Highway 
between SLK 9.2 and 111.8 (Brookton) 

The survey area designated to be covered consisted of a corridor (30 metres either side 
of the road centre line), realignments and borrow pits. 

The survey consisted of four separate phases: 

Examination of the existing ethnographic data base, 
Consultation and discussions with Aboriginal people associated with the survey 
area, 
A systematic field survey, and 
Report preparation. 
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The sites were described in two broad but overlapping divisions. 

1) 	Archaeological Sites 
(sites with physical evidence of Aboriginal activity). 
Four previously recorded archaeological sites are within the survey area, and five 
new archaeological sites and six isolated finds were recorded. All new sites are 
outside the State Forest Boundary and the existing sites will not be effected by the 
works. 

2. 	Ethnographic Sites 
(sites about which Aboriginal people have knowledge) 
No sites of Aboriginal significance have been previously recorded within the 
survey area. Six new sites of significance to Aboriginal people were recorded 
within the designated survey area and one marginally outside (Christmas Tree 
Well). These sites however are all outside the State Forest Boundary. 

The proposed roadworks have the potential to uncover or disturb Aboriginal sites, not 
only surface sites, but also sub-surface archaeological material, which is particularly 
important as stratified deposits can yield valuable information about previous inhabitants. 

The Consultants reported that most of the corridor of the roadworks is considered to be 
an area where site potential is low to moderate, with higher potential near rivers, creeks 
and rocky outcrops. 

In June 1992, a further study was commissioned of five additional water bore sites. No 
previously recorded Aboriginal Sites were within any of the proposed bore sites areas 
and no further Aboriginal Sites were recorded. 

Conclusion 
All previously known sites of Aboriginal significance and sites newly discovered by 
the survey are outside the boundaries of the works and will not be affected. There 
is mostly low to moderate potential for the roadworks to disturb hitherto unknown 
sites, with higher potential near rivers, creeks and rocky outcrops. 

6.5 DRAINAGE 

The potential environmental impacts of inadequate drainage includes: 

Spread of dieback, through spore migration in water 
Degradation of road shoulders and roadway 
Scour to adjacent drains and landforms 
Damage or weakening of existing drainage structures 
Sedimentation and turbidity increases in natural watercourses 

Many culverts are built with timber decking, either bedlog or masonry abutments, and 
some are in a weakened state due to their age. 

Four timber bridges serve the road through the State Forest section, all of which are 
capable of carrying standard highway traffic loadings with permitted overload. 
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Timber culverts and bridges require occasional treatment to prevent decay and while 
environmentally friendly treatments are used, this will no longer be necessary when they 
are replaced by concrete. 

The proposed roadworks should have no additional effect on drainage as natural water 
flows both surface and underground will be altered as little as possible and clearing will 
be minimal. 

6.6 WATER CATCHMENT 

The proposed roadworks pass through a Metropolitan Water Catchment Area. Any 
roadworks therein have the potential to cause deterioration in the quality of water for the 
following reasons:- 

Removal of vegetation has the affect of lessening water filtration and could 
accelerate silt and sediment deposition in reservoirs. 

Interference with ground and stream water due to earthworks and excavations. 

Pollution from dust, human waste, fuel and oil spillage. 

6.7 TOURISM 

Tourist traffic through the State Forest section can consist of recreational or day traffic 
from Perth and the surrounding areas, interested in observing the forest, understorey, 
wildflowers and natural features, or through traffic intent on visiting such well known 
features as Wave Rock near Hyden. 

An indication of the numbers and cyclic nature of tourist traffic along Brookton Highway 
can be seen by statistics of visitors to Wave Rock (Figure 9). 

The proposed improvements to the Brookton Highway may not greatly increase the 
numbers of tourists through the area, but they will help alleviate the conflict between the 
faster traffic and the slower tourist traffic. 

6.8 LANDSCAPE AND VISUAL IMPACTS OF THE PROPOSED WIDENING 

The greatest negative visual impacts will occur in the Poison Gully area which has a high 
visual quality and a waterway which could be adversely affected by an inappropriate 

bridge or culvert. 

The next greatest visual impact will occur at Kangaroo Gully, where the nearby 
vegetation is not as tall as surrounding areas and widening may cause the cleared area to 
become much greater than the height of the trees. Also, the relative density of the 
vegetation and the gully may create difficulties in fitting the new works into the terrain. 
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Roadworks in the Canning River East area may have combined positive and negative 
impacts. Positive gains may be made by reducing the impact of the powerline, and 
enhancing the visual and interpretive values of the swamp area and the heritage site. 
However, the complexity of many different landscape elements occurring close together 
may cause difficulties in achieving unobtrusive modifications to the road. 

Positive impacts may be achieved near Yarra Road by inclusion of a rest area near the 
Yarra Road turnoff, and better visual integration of the pine forest in that area. 

Works in the high quality Death Adder Creek and Quinine Gully area may have impacts 
similar to those expected at Poison Gully, but to a lesser extent. 

The remaining areas proposed for widening will only suffer minor negative impacts 
caused by clearing of vegetation and the greater width of seal. 

Overall, the widening will not cause highly significant visual impacts and management 
measures at the design and construction phase will further reduce those impacts, to 
ensure that the gains in road safety are not at the expense of visual quality. 

6.8.1 HORIZONTAL AND VERTICAL ALIGNMENT 

Appendix 2 Figure 4 shows that a horizontal curve is less of a visual impact than a 
vertical curve which breaks visual continuity and distorts the motorists view of the road. 
Improvements to sightlines and horizontal alignments are preferably made by retaining, 
and widening curves and keeping to the contour in preference to deep cut and fill. 

Both types of curves are visually preferable to deep cut and fill which would have a much 
greater negative visual impact. Introducing areas of cut and fill and straightening 
horizontal curves will be a constraint to maintaining the visual quality of the area, 
however reducing vertical curves could create opportunities for visual enhancement. 

Where it is necessary to cut or fill, areas of fill are generally preferable to large cuts, 
especially in dieback infected areas where introducing dieback will not be an impact. The 
existing cuts of around 1 m in depth and fill to around 2m are generally acceptable and 
are useful models for future cuts. 
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7. 	ENVIRONMENTAL MANAGEMENT & MONITORING 

7.1 GENERAL 

Main Roads has developed a corporate plan to manage the effects of its activities on the 
environment and has produced a reference document on environmental matters, 'The 
Environmental Management Manual'. 

Environment is the total stock of all our surroundings. It is living things as well as the 
interactions between their biological, physical and social surroundings. Roads are part of 
the environment and they contribute to the quality of life of the community. 

Without development, it is not possible to improve the quality of life and without 
conservation, development cannot be sustained. 

Therefore, both development and conservation of the environment are mutually 
supportive. 

In order to co-ordinate and formalise the activities required to develop the road network, 
Main Roads has developed an 'Environmental Management Strategy'. This strategy is 
based on the experience gained to date and it displays a clear statement of intent for the 
future. 

Its elements are:- 

An Environmental Code of Practice 
Procedures for Environmental Assessment & Management 
Environmental Education & Training 

FIGURE 18 shows a diagrammatic representation of the Environmental 
Assessment & Management Procedure. 

7.2 	CONSTRUCTION PHASE 

7.2.1 	Clearing 
Clearing of vegetation along the roadway will only occur within the nominal 
clearing width of between 19m and 20m 

Borrow pits shall be cleared to allow for material extraction, future pit reshaping, 
storage of material cleared from the roadway areas and access tracks and the 
storage of topsoil, unsuitable material and spoil material. 

Access tracks to borrow areas shall be cleared to a maximum width of 5.0 metres. 
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Clearing will take into account the results of surveys for flora and fauna, aboriginal 
sites and dieback and will be minimised to that considered absolutely necessary to 
provide the required geometric standards and road safety. See sections 4.3.5, 5.4, 
5.5, 6.3 and 6.4. 

The impact of clearing will be minimised by:- 

* 	Generally widening on one side only 
* 	Importing fill rather than borrowing from the roadside 
* 	Stockpiling topsoil in the earthworks corridor or in borrow pits approved by 

CALM & WAWA 
* 	Offsetting roadworks from the centre of the road reserve 

	

7.2.2 	Construction Camps & Compounds 
No camps will be erected in the State Forest. 

Compounds will be sited at locations approved by CALM, WAWA and 
appropriate for the various section of the works. 

Storage compounds for fuel, oil and other contaminent materials will be confined 
to specially designed areas to confine spillages. 

These areas will be excavated to a depth of 300mm, lined with polythene sheeting 
and backfihled again with the excavated material to protect the polythene and soak 
up any spillages. 

When the compound is no longer required, the polythene will be removed and the 
material, if contaminated, will be disposed of outside the State Forest area. 

Toilet facilities will be of the closed chemical type and will be emptied away from 
the State Forest area into a sewerage system. 

On completion of the works, all traces of the facilities shall be removed and the 
sites reinstated to the satisfaction of CALM and WAWA. 

	

7.2.3 	Borrow Pits 
In new borrow pits, once clearing has been completed, topsoil will be removed and 
stockpiled on one side within the cleared area. These borrow pits will be located 
in consultation with CALM and WAWA after the pre-construction dieback survey 
is completed. 

Overburden shall then be removed and also stockpiled within the cleared area. 

The visual impact of the borrow pit will be softened or hidden by carefully 
selecting its location, by vegetation screening and by designing the access roads so 
that a direct line of sight to the borrow pit is avoided. 
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Dust generation and its impact will be managed and minimised by having an 
adequate buffer zone and wind break between the borrow pits and the roadway 
and by regular watering of the access roads and the pit. 

Noise will be minimised by the provision of silencers on vehicles and equipment. 

Borrow pits will be located in areas which do not affect significant flora and fauna 
or aboriginal sites. They will be located in areas of similar dieback status to the 
associated roadworks to avoid the spread of dieback. 

7.2.4 	Construction Water 
Construction water for the project will be obtained from suitable bores along the 
route. 

These bores have been sunk with prior CALM and WAWA approval. 

7.2.5 	Access Tracks 
Access tracks to borrow pits, spoil sites, bore sites and compounds will be cleared 
to a maximum width of 5.0m. 

Topsoil will be removed and stockpiled on either side of the access track. 

Once works are complete, the track shall be rehabilitated in accordance with the 
procedures described in section 7.4.4 

7.3 	FOREST HYGIENE 

The main impact on forest hygiene is through the spread of dieback. 

Prior to any work commencing on the Brookton Highway project, officers from the 
Department of Conservation and Land Management will investigate and map the areas 
adjacent to the road for dieback and once these investigations have been complete, the 
areas will be marked on the roadside. 

CALM has evaluated the success of undertaking hygiene measures during roadworks and 
has found that hygiene measures are effective in reducing the artificial spread of the 
disease. 

Guidelines, techniques and procedures are being refined on an ongoing basis. 

Once it has been established that dieback is present and that hygiene measures are 
required, a hygiene control plan will be prepared and forwarded to CALM for their 
information. 

This plan will cover such items as; moving vehicles and equipment between dieback free 
and dieback affected zones, stockpiling of materials, cleaning of plant and equipment, 
parking and camping. 

Procedures will be implemented to ensure that material is not spread from dieback 
infected areas to dieback free areas. 
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The procedures will include, but not necessarily be limited to:- 

* 	Work will be undertaken in dry soil conditions (as determined by CALM). This 
will generally be between the months of December and May. 

* 	All machinery will be cleaned prior to commencing work in the dieback free area. 

* 	Once work commences in the dieback free area, it will continue through to 
completion. Ideally, plant will be utilised continuously within the dieback free 
area. Any plant working outside the dieback free area will be recleaned prior to 
entering the dieback free area. 

* 	All imported material (including water) will be obtained from dieback free source 
or be processed to remove dieback fungi. 

* 	Supervisory job personnel will ensure that all staff are informed of the significance 
of dieback, how it is spread and the procedures to be adopted to prevent its 
spread. 

Reference will be made to the policies and strategies outlined in the Environmental 
Management guidelines on dieback hygiene described in the Main Roads WA 
Environmental Management Manual. 

7.4 	REHABILITATION 

7.4.1 	General 
Rehabilitation usually refers to the revegetation or reinstatement (back to natural 
state) of disturbed land. Main Roads rehabilitates disturbance associated with 
roadworks as a matter of course. In addition, opportunities to enhance the 
conservation value of the roadside are often utilised where practical. 

Areas to be rehabilitated will include new borrow pits, existing borrow pits, access 
tracks, sidetracks and those sections of the highway no longer in use. Reference 
will be made to 'Conservation and Regeneration Techniques' Main Roads, 1982, 
Draft Operations Group Circular No 31, 1989 WAWA 'Guidelines for Soil 
Resource Abstraction in Water Catchment Areas'. 

Rehabilitation will be undertaken jointly with CALM. 

7.4.2 	New Borrow Pits 
At the completion of borrow operations, the sides and floors of all new pits plus 
any new material which may be present in the pits will be reshaped and formed to a 
flowing finish with side slopes not steeper than 1 vertical to 6 horizontal. At 
completion of pit reshaping, any material carted into the pit will be spread 
uniformly over the entire shaped surface in the following order; bituminous 
surfacing, oversize material, rock, spoil material, overburden and topsoil. 

Topsoil will be respread evenly over the entire area to a minimum depth of 150mm 
and the entire pit area will then be ripped along the contours to a depth of 500mm 
and at not more than im spacings. 
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7.4.3 	Existing Borrow Pits 
In old borrow pits that are selected for rehabilitation, the sides and floors shall be 
reshaped, formed and ripped along the contour to a depth of 500mm at not more 
than im spacings. 

During the course of these works, significant vegetation and woody growth will 
not be removed or damaged as far as is possible. 

	

7.4.4 	Access Tracks 
When access tracks are no longer required, the entire natural surface; except for 
sections of access tracks in natural rock formation shall be dozer ripped to a depth 
of 500mm at not more than im spacings and direct seeded with indigenous native 
species. 

	

7.4.5 	Side Tracks 
When side tracks are no longer required, the entire surface will be rehabilitated in 
accordance with section 7.4.4 

	

7.4.6 	Old Highway Sections 
Rehabilitation works will be carried out to the disused alignments of the old 
highway. 

Rehabilitation will not commence until all work on the adjoining realigned section 
is complete and the section is open to traffic. 

Bituminous seal will be removed and disposed of as in section 7.4.2 and the entire 
area will be reshaped to blend with natural ground levels. 

Rehabilitation will be in accordance with section 7.4.4 

I, 

57 



7.5 ABORIGINAL SITES 

For many years, Main Roads has been considering Aboriginal Sites in the planning, 
design and construction of roadworks. 

Recogmtion of the Aboriginal Hentage Act was made in the Operations Group Circular 
No 38, which was issued in 1979. When the Act was amended, so too was the Circular. 

Main Roads also recognises the role that the Western Australian Museum's Department 
of Aboriginal sites plays in the registration, protection and proper care of Aboriginal 
sites. 

The corridor of the roadworks is in an area where site potential is low to moderate, 
nevertheless Main Roads field staff and those employees likely to undertake activities 
that may disturb Aboriginal sites will be trained to recognise and record those sites. 

Project personnel will also be informed that it is an offence to interfere with Aboriginal 
sites, unless authorised under the Act, under Section 17 of the WA Aboriginal Heritage 
Act 1972 - 1980. 

7.6 	RARE FLORA AND FAUNA 

I 	 None of the six species of Declared Endangered Flora, which could be expected to occur 
in the area, were identified during the survey. One priority 2 and one priority 4 species 
was observed. 

No plants gazetted under the schedule of Agricultural and Related Resources Protection 
Act were seen. 

The vertebrate fauna of the survey area may include 15 frog species, 47 reptiles, 26 
mammals (6 introduced) and 96 bird species (2 introduced). 

There are several mammals of significance in the area, including the Chuditch, Numbat 
and the Quenda, (see Section 5.5) which are listed under Schedule 1 of the Wildlife 
Conservation Act. 

The majority of the bird species which may occur are wide ranging, but some do have 
specific habitat requirements. 

Interpretation of the Biological Survey suggests that the proposed roadworks will have 
no impact on rare or endangered flora and fauna. 

Planning and Construction techniques mentioned in sections 4.3.5 and 7 will ensure that 
any impact will be minimal on the habitat of all species of flora and fauna. 
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7.7 	SCOUR AND EROSION 

The following measures will be undertaken to control or reduce scour and erosion. 

* 	Batter slopes will be rounded to provide gentle transitions between natural and 
man-made features. 

* 	Surfaces will be left rough to facilitate rehabilitation. 

* 	Velocity of run-off in table drains will be controlled by energy disruption devices 
or additional culverting. 

7.8 DRAINAGE 

When working in re-alignment areas, new table drains will be constructed and 
will tie into existing table drain network. 

In areas of widening, the existing table drains will be cleaned out and upgraded 
as required. 

Old wooden culverts will be replaced by concrete culverts. 

7.9 LANDSCAPE 

The existing Brookton Highway on its historical alignment fits well into the 
surrounding forest and is the reason for the existence of the scenic corridor known 
asC37. 

The EPA, CALM and Main Roads objectives for the area are to enhance 
and protect the visual quality of the existing landscape for the traveller, while 
meeting the safety and functional requirements of the Highway. 

The proposed widenings and realignments will be designed and constructed with 
the object of minimising the impact of the work on the area by the methods described in 

/ 	 Section 4. 

The Visual Assessment document prepared by Main Roads (quoted in section 6.8) stated 
that on the existing road The existing cuts of around im in depth and fill to around 2m 
are generally acceptable and are useful models for future cuts'. 

- 	 The detailed proposals in sections 4.8.1 and 4.8.2 show that with the exception of four 

I 
- 	 sections of road, it has been possible to achieve this aim. 

On the four sections which cannot be made to meet the above criteria, it is proposed to 
design the road for safety and minimise as far as possible the effects on the landscape by 
the methods described in section 4. 
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7.10 MONITORING PROGRAMME 

It is the role of the Construction Co-ordinator to implement the environmental 
management plans in accordance with the specification provided and the knowledge of 
the intent of the environmental management plans created in the design phase. 

The integration of environmental assessment and management procedures with project 
construction will produce a project that is: 

* 	cost effective 

* 	technically practical and efficient, and 

* 	beneficial to the community as it has a positive net environmental effect 

7.11 CONSTRUCTION PHASE 

Monitoring of the project will be carried out to determine how the actual work being 
done on site compares with the commitments given in Section 11. 

The results of monitoring will take the form of monthly reports provided to the 
Construction Co-ordinator by the personnel detailed in Section 7. 

7.12 POST CONSTRUCTION PHASE 

Following the completion of construction, in the handover and review phase of the 
project, an environmental audit of the Environment Management Plan will be carried 
out. This audit shall include an assessment of the effectiveness of the management plans 
created, the impacts identified and the criteria established for production of a positive 
effect of the project. 
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8. 	STUDIES UNDERTAKEN 

The following studies were commissioned by Main Road Western Australia, as part of 
the Brookton Highway Upgrading and Widening Projects:- 

ABORIGINAL SITE SURVEY 
Report on a Survey of Aboriginal Sites 
ArmadalelRavensthorpe Road 
9.2 SLK to 111.8 SLK (Brookton) 
by Rory O'Connor & Gary Quartermaine 
November 1990 
Addendum to Report, June 1992 

BIOLOGICAL SURVEY 
Brookton Highway - Karagullen to West Dale 
by EM Goble - Garratt and MJ & AR Bamford 
June 1992 

BIOLOGICAL SURVEY 
Brookton HighwaySLK 57.4- SLK 111 
by Landcare Services 
November 1990 

VISUAL ASSESSMENT 
Armadale/Ravensthorpe Road - Brookton Section 
SLK 14 to SLK 60 
by Main Roads Western Australia 
March 1992 

ARMADALE/RAVENSTHORPE ROAD M3 (BROOKTON HIGHWAY) 
Section 14.00-111.80 SLK 
Upgrading Development Strategy 
by Main Roads Western Australia 
May 1990 
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9. 	PUBLIC PARTICIPATION & CONSULTATION 

Main Roads staff at many levels have had informal and formal contacts with public 
groups and individuals. 

Public participation was sought on a discretionary basis and was encouraged. 

Appendix 4 indicates where the public can be involved in decision making. 

Some of the benefits of public participation include: 

* 	An accurate understanding by the public of the scale, nature and objectives of a 
proposal can be disseminated to the public. 

* 	Relevant information and new alternatives may surface. 

* 	An insight into other opinions on certain impacts and benefits. 

* 	Credibility with the public is created. 

The draft Consultative Environmental Review itself will be made available for public 
comment and submissions over a four week period. Once these submission are received, 
a response from Main Roads will be forthcoming. 

It is intended that a display on the proposed Brookton Highway upgrading will be set up 
in Brookton and Beverley, in either May or June 1993. The general public will have free 
access to the display and information on the project will be readily available. Public 
comments and enquiries will be welcomed. 

The Roadside Conservation Committee has been kept informed on the projects status 
and a presentation on the proposedwidening was made in February 1992, informing the 
Committee on the rationale for the decisions made. 

Over a period of years, the relevant local government authorities (Brookton, Pingelly, 
Corrigin, Wandering, Beverley & Wickepin) have been kept informed on the progress of 
the project through correspondence, consultation and meetings. 

Local Aboriginal groups and individuals have been consulted and their advice sought on 
Archaeological & Ethnographic sites in order to assist in the planning, design and 
construction of this project. 

As CALM and WAWA are the major land managers in the State Forest area, 
consultation and meetings have been held with them over several years at Officer and 
District Manager level. 
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10. CONCLUSIONS 

The main purpose of this Consultative Environmental Review is to provide a basis for the 
Environmental Protection Authority to provide advice to the Government on how the 
environment may be impacted by the upgrading and widening of the Brookton Highway 
and how these impacts will be managed. In addition, the CER has the function of 
explaining and informing the public, so that public comment on the project will be 
forthcoming. 

The Brookton Highway, as it exists, is showing its age, both in terms of the standards to 
which it was built and its current condition. 

There is a pressing need to improve its width, shoulders, roughness, horizontal and 
vertical geometry, drainage and overtaking opportunities. This upgrading and widening 
strategy will increase the servicability of the road and will cater for increased road use, 
including the use of B-Doubles, reduce the high number of accidents, improve rideability 
and reduce maintenance and freight costs. 

This project has the potential to have several environmental impacts, both positive and 
negative. Some reductions in design standards have been made to reduce the impact of 
the project on the surrounding landscape (see section 4) 

Careful environmental management and monitoring will be put in place to further reduce 
- 	 the impact of the project (see section 7). 
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11. SUMMARY OF ENVIRONMENTAL COMMITMENTS 

The upgrading and widening of the Armadale/Ravensthorpe Road (Brookton Highway) 
in the State Forest will be undertaken by Main Roads, commencing in 1993. 

Main Roads will be responsible for the design and construction of the road and for the 
management of the environmental impacts associated with the project. 

For this project the following environmental commitments are made:- 

The spread of Dieback ffingal disease will be controlled by the adoption of 
approved construction practices and techniques. 
ACTION: Construction Engineer 

To plan, design and construct roadworks to minimise or improve the visual 
impacts on the areas that the road traverses. 
ACTION: Design Engineer, Construction Engineer 

To minimise cut and fill earthworks to provide a curvilinear flow of the road over 
the landscape. 
ACTION: Design Engineer, Construction Engineer 

To shape cuts and fills to fine tune landform details for enhanced visual effect on 
roadsides. Slope rounding, warping, filling and moulding techniques will be 
employed. 
ACTION: Construction Engineer 

To retain rock outcrops and stable boulders within road cuts where it can be done 
without creating a hazard for vehicles. Remove loose boulders, stockpile and 
re-positioned in key locations to enhance slopes. 
ACTION: Design Engineer, Construction Engineer 

Road cuts through solid bed-rock will be left with irregular rough textured faces. 
ACTION: Construction Engineer 

To incorporate undulating clearing limits and edge feathering techniques. When 
clearing roadside vegetation, felled vegetation will be removed and buried in 
approved spoil sites. 
ACTION: Construction Engineer 

To revegetate roadside areas disturbed by earthworks with appropriate plantings 
before or soon after construction operations are completed. 
ACTION: Road Verge Officer 

To stockpile topsoil removed during construction and replace on cut and fill 
batters to aid revegetation. 
ACTION: Construction Engineer 

64 



10. 	Plants selected for revegetation shall represent hardy species well adapted to 
survival in the soil and climatic conditions of the site.. 
ACTION: Road Verge Officer 

11: 	Planting of native species shall be positioned both inside and outside the clearing 
limit and the species selected to enhance transitional blending and feathering of 
existing vegetation. 
ACTION: RoadVerge Officer 

Exposed end sections of culverts and drain pipes will be formed, coloured or 
screened with plantings to blend with the landscape. 
ACTION: Design Engineer, Construction Engineer, Road Verge Officer 

To design guardrails with colours and materials that will be visually compatible 
with their surroundings. Staining, colouring or dulling solutions will be used to 
reduce colour contracts. 
ACTION: Design Engineer, Construction Engineer 

To select signs to provide clear legible information and be designed to otherwise 
enhance the scenic quality of the roadside. Appropriate scale, colours and 
materials will be used. Excessive signage and widely divergent sign construction 
standards will be avoided. 
ACTION: Technical Officer 

To locate major interpretation signs at appropriate roadside rest areas. 
ACTION: Technical Officer 

To utilise rock materials removed from solid rock cuts in the construction of 
retaining walls, bridges and visitor facilities where possible. 
ACTION: Design Engineer, Construction Engineer 

To minimise vegetation clearing limits to retain existing tree and shrub cover as 
close as possible to the roadway. 
ACTION: Construction Engineer 

To protect vegetation from damage by construction equipment and blasting. 
ACTION: Construction Engineer 

To disperse downslope water drainage at frequent and even intervals to avoid 
interruptions and concentrations of water flows due to earthworks (which could 
damage or kill downslope vegetation). 
ACTION: Design Engineer, Construction Engineer 

To make every effort to protect endangered or rare species of flora and fauna. 
ACTION: Construction Engineer 

Construction techniques will not disturb existing Aboriginal sites and appropriate 
measures will be undertaken to identif' and protect any new sites found during the 
construction period. 
ACTION: Design Engineer, Construction Engineer 
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No camps will be erected in the State Forest. 
ACTION: Construction Engineer 

To diminish the visual impact of borrow pits by carefully selecting their locations 
and once operations are complete, the borrow pits and their associated access 
roads will be rehabilitated. 
ACTION: Materials Manager, Construction Engineer 

To control potential scour and erosion problems by implementing preventative 
measures. 
ACTION: Design Engineer, Construction Engineer 
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GLOSSARY OF TERMS 

For other terms, refer as AS 1374 - Terms used in road engineering 

ALIGNMENT The geometric form of the centreline of the roadway 

B DOUBLE Truck and trailer with two points of articulation 
(19 or 23m long, see figure 10) 

CARRIAGEWAY That portion of the road devoted particularly to the use of vehicles, 
inclusive of shoulders and auxiliary lanes (also Roadway) 

CREST CURVE A convex vertical curve in the longitudinal road profile 
(also Summit Curve, Hog Curve) 

CROSSFALL The slope at right angles to the longitudinal alignment of the roadway 

FORMATION The final surface of the ground, excluding any side 
slopes after completion of the earthworks 

GRADE The rate of longitudinal rise or fall of a roadway with 
respect to the horizontal (also gradient) 

HIGHWAY A principal road in the road system 

HORIZONTAL CURVE 
A curve in the plan or horizontal alignment of a roadway 

PAVEMENT That portion of road surface, excluding shoulders placed above the 
sub-grade to form a running surface for vehicular traffic 

SHOULDER The portion of the road continuous and flush with the traffic lanes 

SUPERELEVATION The transverse slope towards the inside of a curve 
normally given to the roadway at horizontal curves 

SYSTEM 6 The Darling System. One of 12 Systems dividing Western 
Australia into natural and demographic entities 

TABLE DRAIN 	The side drain of a road adjacent to the shoulders and 
comprising part of the formation 

TRANSITION CURVE A curve of changing radius used for the purpose of 
- 	 easing change of direction 

VERTICAL CURVE A curve in longitudinal profile of a roadway to provide 
for a gradual change of grade 

VALLEY CURVE 	A concave vertical curve in the longitudinal road profile 
(also SAG curve) 
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ABBREVIATIONS (ACRONYMS) 

ADT Average Daily Traffic 
(traffic count taken on an average day) 

AADT Annual Average Daily Traffic Volume 
(the average daily traffic volume over a 1 year period 
counted by a permanently located traffic counter) 

AUSTROADS National Association of State, Territory & 
Federal Roads & Traffic Authorities 

CALM Department of Conservation and Land Management 

CER Consultative Environmental Review 

EMP Environmental Management Plan 

EPA Environmental Protection Authority 

MRWA Main Roads, Western Australia 

NAASRA National Association of State Road Authorities 

MVKT Million Vehicle Kilometres of Travel 

SLK Straight Line Kilometre 

WAWA Water Authority of Western Australia 

VPD Vehicles Per Day 
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PROPOSED UPGRADING AND WIDENING OF BROOKTON HIGHWAY 
THROUGH SYSTEM 6 AREA C37 

CONSULTATIVE ENVIRONMENTAL REVIEW GUIDELINES 

Overview 

In Western Australia all environmental reviews are about protecting the environment. The 
fundamental requirement is for the proponent to describe the proposed development, to discuss 
the potential environmental impacts of the proposal, and then to describe how those 
environmental impacts are going to be managed so that the environment is protected. 

If the proponent can demonstrate that the environment will be protected, then the proposal will be 
found environmentally acceptable; if the proponent cannot show that the environment would be 
protected, then the Environmental Protection Authority (EPA) would recommend against the 
proposal. 

Throughout the process, it is the aim of the EPA to advise and assist the proponent to improve or 
modify the proposal in such a way that the environment is protected. Nonetheless, the 
environmental review in Western Australia is proponent driven, and it is up to the proponent to 
identify the potential environmental impacts, and design and implement proposals which protect 
the environment. 

For this proposal protecting the environment means that the important natural and landscape 
values associated with the System 6 Area C37 are protected. Where they cannot be protected, 
proposals to mitigate the impacts are required. 

Purpose of the CER 

The primary function of a CER is to provide the basis for the Environmental Protection Authority 
to provide advice to the Government on protecting the environment. An additional function is to 
communicate clearly with the public so that the EPA can obtain informed public comment. As 
such, environmental impact assessment is quite deliberately a public process. The CER should 
set out the series of decisions taken to develop this proposal at this place and time, and why. 

Objectives of the Review 

The Consultative Environmental Review should have the following objectives: 

* 	to place this project in the context of the environmental values of the region; 

* 	to explain the process which led to the decision to proceed with this proposal at this time; 

* 	to set out the environmental impacts that this project may have; and 

* 	for each impact, to describe any environmental management steps the proponent(s) 
believes would avoid, mitigate or ameliorate the impact. 

The CER should focus on the major issues and anticipate the questions members of the public 
will raise. Data describing the environment should directly relate to the decision of the potential 
impacts of the proposal. Both should then relate directly to the actions proposed to manage those 
impacts. 
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4. 	Key Issues 

There are a number of environmental issues associated with this development, but the critical 
issue is the impact on the aesthetics/landscape, conservation and scientific values of the corridor 
within the System 6 area C37. This and the other environmental issues can be categorised as 
follows: 

System 6 implications of the development 

The key issue here is the impact of the proposed roadworks on the aesthetics/landscape, 
conservation and scientific values of the corridor. 

In addressing this issue, the CER should firstly, establish the extent of these values, and then go 
on to describe the likely impacts of this proposal on these values. The System 6 'Red book' 
identified that this area was regionally important because of its value for conservation, roadside 
display and for scientific study. The CER should clearly detail the nature of these values, and 
discuss them within their regional context. It is likely that a 'values map' showing the corridor 
and its values in terms of specific locations would be required. 

The various components of the value of this corridor are: 

the regional and local significance of the native flora, fauna and wetlands of the site for 
conservation and scientific purposes; 

the regional and local significance of the native flora, fauna and wetlands of the site given 
that it is a corridor through which motorists will drive, and to which tourists would have 
easy access; 

other landscape/aesthetic elements. 

The proposed roadworks can then be shown in relation to this 'value map' indicating which 
locations are likely to be affected by the proposal. In the event that a location with special value 
will be affected, the CER will need to show: 

alternative alignments for the road that would not affect this location, and explain why the 
preferred option was chosen; and 

the impact of that chosen alignment will have on the value(s) of that location. 

Hydrological Impacts 

The issue here is the impacts of the proposed widening on the surface and groundwater resources. 
The CER should discuss the likely impacts during the construction phase and any likely ongoing 
impacts. 

Management Issues 

The key issues here are; 
* 	the risk of dieback spreading as a result of the construction phase and any ongoing 

maintenance required; and 

erosion risk and control, both during construction and for any ongoing clearing required. 

Other key issues raised during the preparation of the report should also be included. 
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Public Participation and Consultation 

A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the CER. It should describe the activities undertaken, 
the dates, the groups and individuals involved and the objectives of the activities. Cross reference 
should be made with the description of environmental management for the proposal which should 
clearly indicate how community concerns have been addressed. Where these concerns are dealt 
with via other departments or procedures, outside the Environmental Protection Authority 
process, these can be noted and referenced here. 

Environmental Commitments 

A numbered list of environmental commitments drawn from the CER should be included at the 
end of the document. The list of commitments is a summary of environmental management 
procedures that the proponent(s) will undertake as part of the project. 

The summary of Commitments should be concise, and take the form of: 

* 	who will do the work; 

* 	what that work is; 

* 	when the work will be carried out; and 

* 	to whose satisfaction the work will be carried out. 

All actionable and auditable commitments made in the body of the document should be included 
in this list. Further information on the general form and structure of the commitments can be 
obtained from the EPA during the formulation of the document. 
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APPENDIX 2 

ILLUSTRATIONS OF AREAS 
OF HIGH AND MEDIUM VISUAL QUALITY 
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FIGURE 1 	High Visual Quality - Poison Gully, intact and diverse 
vegetation, harmonious road line. 
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FIGURE 2 High Visual Quality - SLK 56 

— 

78 



__________________ 	t -•' 	'• 	 - 	 .--..... 

' 

	

- -'-- 	• - 	. 

01 , W,7,71  

tt1.s? 	- 	 .•. - 	--S  

FIGURE 3 : High/Medium Visual Quality - SLK 34.0 

Intrusion of swampy landscape elements 
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FIGURE 4 	High/Medium Visual Quality - SLK 42 
Passing Lane 
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Visual Resource 
Management Zones 
and 
Objectives 

m z 
0 

VISUAL LANDSCAPE ASSESSMENT: BROAD SCALE PLANNING LEVEL 
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Assessment 
	

Recommendations 
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Visual Landscape 
Character Types 
based on 
- Landform 
- Vegetation 
- Waterform 
- Land Use 

Observer Route 
and 
Use Areas 

Observer Visual 
Landscape Perceptions 

Seen Area - Distance 
Zone from Routes 
and Use Areas 
Ig - Foreground 
mg - Middleground 
bg - Background 

Scenic Quality Classes 
based on Visual 
Landscape Character 
Types 
H - High Quality 
M - Moderate Quality 
L - Low Quality 

Public Sensitivity Levels 
based on Perceptions 
and Use Levels 
Level 1 Sensitivity 
Level 2 Sensitivity 
Level 3 Sensitivity 
Level 4 Sensitivity 

Distance - Sensitivity 
Composite Zones 
fgl 	mg2 
mgi bg2 
bgl fg3 
fg2 seldom seen 



The VisuaJ Management System: 	Project AppJition Level 
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