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BACKGROUND INFORMATION ONLY INTRODUCTION
In October 1972, the West Moorabool Water Board requested the Land Conservation Council to proclaim the catchment to Bungal Dam, under the provision of Section 22 of the Soil Conservation and Land Utilisation Act, 1958.
The Soil Conservation Authority in its subsequent report recommended to the Land Conservation Council that the portion of the total catchments shown in Plan 1 should be proclaimed. The Authority in that report stated that in recognition of possible land use problems in the area surrounding the reservoir, it would be advisable to specify the area shown in Plan 2, under the provisions of Section 22(2) of its Act which requires land holders to notify the Authority of specified changes in land use.
The catchment was proclaimed by the Governor-in-Council in June 1973, and the Authority imposed the Land Use Notice for the area in Plan 2, in November 1973.
Since then, the Authority has been actively involved in controlling changes of land use in the catchment area so that water quality and water yield are not adversely affected.
However, the attraction of the large body of water in Lal Lal Reservoir and the proximity of the catchment to the expanding urban area of Ballarat, has led to increased pressure for more intensive use of the land in the catchment. The potential for more intensive use of the catchment concerns the Ballarat Water Commission, the Geelong Waterworks & Sewerage Trust and the West Moorabool Water Board (refer to annual report 1975/6). The West Moorabool Water Board in its letter of 5th October, 1976, expressing concern at the current proliferation of small residential subdivision in the catchment, requested that the Authority proceed to an extension of land use controls as soon as possible.
The Authority resolved in November 1976 to initially extend the provisions of Section 22(3) of the Act to the area presently controlled by a Land Use Notice. Accordingly, this report concentrates on a Land Use Determination for that area, but expresses concern at developments in the rest of the catchment, and recommends extension of the Land Use Determination to the rest of the catchment.
METHODOLOGY
This proposed Land Use Determination describes the most suitable uses to which land around the Reservoir may be put, without causing any deterioration of the land itself, or of water in the storage. The steps taken to arrive at the final determination are complicated, so an attempt is made in Figure 1 and the following text to present the sequence of events in logical order.
Initially an assessment is made of the inter-relationships between physiography, geology, soils, climate and vegetation. Recurring patterns of these features can be recognised and with the assistance of the Authority’s Land Studies Section these patterns are mapped as Land Units, or as the various components of a Land Unit.
For each unit or component a list of potential land uses can be prepared and on examination the constraints or limiting factors to such uses can be identified. From that information is estimated the capability of each mapping unit of land, for each kind of land use.
One major purpose of a water catchment area is to supply water, so all the existing potential uses of land have to be examined for their capability to produce water of the required quality and quantity. If it is found that these uses of land would have to be significantly modified to reach the water supply objectives, then consideration has to be given to the costs involved in doing that, to alternative sources of supply and to appropriate means of water treatment and the costs associated with that.
Each catchment area is unique by reason of its particular combination of variables and for that reason, a uniform approach to land capability for all catchments in the State is not appropriate. Rather, capability assessments for water supply purposes are based on the particular circumstances and possibilities within each catchment.
Finally then, a selection can be made of those forms of land use which may be practised so that the land retains a reasonable ability to produce the required water. It is often found that these “most suitable” forms of land use are common to several different mapping units, in which case those units are combined and mapped as one “category” for purposes of the Land Use Determination.
BACKGROUND INFORMATION ONLY
The preliminary map and report for this proposed Determination will be brought to the attention of land owners, the water supply authority and other persons and organisations who may be affected.
Once the Soil Conservation Authority has considered the views expressed by these people and possibly after amendment, the report will be forwarded to the Land Conservation Council for consultation. A final determination will then be made by the Authority and published in the Victorian Government Gazette.
Normal practice is for extracts from the Gazette to be sent to all owners or occupiers of land in the Determination Area and to all Government Departments which may be involved.
The Forest Commission will be asked to prepare Management Prescriptions for forest operations in consultation with the Authority. A Conservation Officer (catchments) from the Authority’s Colac office will contact each landholder to discuss the practical consequences of the determination on each holding.
BACKGROUND INFORMATION ONLY
Figure 1 – Flow Chart Showing Method of Determining the Most Suitable Land Uses in a Water Supply Catchment
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BIOPHYSICAL DESCRIPTION OF THE CATCHMENT General
The Bungal Dam an earthfill structure 50 m high, is situated on the West Moorabool River, 11 km north of Elaine and 55 km northwest of Geelong. The Dam was completed in June 1972, and impounds 60 x 106m3 of water to form the Lal Lal Reservoir which first filled in 1974. The water is supplied to Geelong, Ballarat and Bannockburn and received some primary treatment (chlorination) before distribution to the water users.
The catchment boundary is formed by the Great Divide in the north, Mounts Warrenheip and Buninyong in the west, and a series of smaller volcanic cones in the east. As the Ballarat Water Commission did not want the catchments to their other reservoirs included in the proclaimed catchment, only that portion of the catchment below Moorabool and Beales Reservoirs, and below the supply channel from those reservoirs to Ballarat, was proclaimed. The area of this proclaimed catchment is 219 km2, and the portion covered by the Land Use Notice is 18 km2.
The catchment area is dissected by the Western Highway, the Ballarat-Melbourne and Ballarat​Geelong railways and about 100 km of Shire roads. It contains the townships of Bungaree, Wallace, Dunnstown, Warrenheip, Lal Lal and Yendon.
Climate
(a) Temperature- The catchment area is characterised by generally low temperature in Winter and moderate temperature in summer as shown in Tables 1 and 2.
(b) Rainfall- The average annual rainfall varies from 700 mm to 900 mm within the catchment gradually increasing from south to north with elevation. Monthly rainfall data is shown in Tables 3,4, and 5.
The wettest periods are winter and spring, but usually there are reliable autumn rains also. Summer storms of high intensity are important contributors to annual run off.
(c) Frosts- Ballarat on the average experience twelve severe frosts per year (<0° C) and thirty-four light frosts (0°-2° C) per year. Fiskville near Ballan has eighteen severe frosts per year and thirty-six light frosts per year. The frost free period is generally from February to March; Ballarat having an average frost free period of 152 days and Fiskville only 106 days. The frost frequency would be lower in the southern part of the catchment.
(d) Growing Season- The growing season based on probability of adequate moisture, is estimated to be about 10% months (mid February to early January) in the North and 9% months (early March to mid December) in the south. However, mean daily temperatures below 10° C for four months (May to September) would severely restrict growth in the winter depending on the cold tolerance of the crops.
Table 1. Temp. Ballan R.L. 442 m
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Av. Daily Max. (°C)
	23.5
	23.7
	21.4
	16.7
	14.1
	10.6
	10.2
	11.4
	13.6
	16.2
	18.8
	21.9

	Av. Daily Min. (°C)
	9.2
	10.4
	9.6
	7.1
	5.2
	3.5
	3.0
	3.5
	4.2
	4.5
	7.0
	8.7

	Av. Daily Mean (°C)
	16.3
	17.0
	15.5
	11.9
	9.7
	7.0
	6.6
	7.5
	8.9
	10.4
	12.9
	15.3


Table 2. Temp. Ballan R.L. 437m
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Av. Daily Max. (°C)
	24.2
	24.9
	22.0
	17.2
	13.5
	10.2
	9.9
	11.3
	13.9
	16.9
	19.7
	22.5

	Av. Daily Min. (°C)
	10.2
	11.6
	10.0
	7.6
	5.9
	4.1
	3.5
	4.1
	5.1
	6.4
	7.8
	9.6

	Av. Daily Mean (°C)
	17.2
	18.2
	16.0
	12.4
	9.7
	7.2
	6.7
	7.7
	9.5
	11.7
	13.7
	16.0
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Plate 1 – Bungal Dam before construction of the Ballarat pumping station. Note the steeply dissected valley which provided the excellent dam site.
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Plate 2 —– Part of the Reserved Forest to the West of Bungal Dam.
The forest road is well located on the ridge, and the forest vegetation protects the high erosion hazard soils derived from Ordovician sediments
BACKGROUND INFORMATION ONLY Table 3. Rainfall Meredith (Wattle Vale) (1931-1960)
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	YEAR

	Mean (mm)
	33.2
	43.4
	40.4
	55.8
	51.5
	50.3
	52.0
	60.2
	59.6
	65.2
	60.7
	52.0
	624.3

	No. of wet days 1
	6
	7
	7
	12
	13
	13
	15
	16
	13
	13
	12
	9
	136

	Av. Rain/wet days 2
	5.5
	6.2
	5.8
	4.7
	4.0
	3.9
	3.5
	3.8
	4.6
	5.0
	5.1
	5.8
	4.6

	Max. rainfall in 24 hrs.
	104.
3
	69.3
	90.9
	88.1
	72.3
	74.9
	38.1
	59.1
	70.0
	60.7
	64.0
	78.9
	


Table 4. Rainfall Ballan (Beam wireless) (1931-1960)
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	YEAR

	Mean (mm)
	33.5
	49.2
	32.5
	54.3
	45.9
	45.7
	44.4
	51.8
	50.3
	57.4
	50.5
	42.1
	557.6

	No. of wet days
	6
	6
	7
	11
	12
	13
	14
	14
	12
	13
	10
	8
	126

	Av. Rain/wet day
	5.6
	8.2
	4.6
	4.9
	3.8
	3.5
	3.7
	3.7
	4.2
	4.4
	5.1
	5.3
	4.4


Table 3. Rainfall Meredith (Wattle Vale) (1931-1960)
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	YEAR

	Mean (mm)
	36.0
	48.5
	45.2
	67.3
	70.6
	67.0
	71.3
	79.9
	74.4
	76.4
	65.0
	54.8
	756.3

	No. of wet days
	7
	8
	9
	15
	17
	18
	20
	20
	17
	16
	13
	11
	171

	Av. Rain/wet day
	5.1
	6.1
	5.0
	4.5
	4.2
	3.7
	3.6
	4.0
	4.4
	4.8
	5.0
	5.0
	4.4


Physiography and Geology
The catchment consists mainly of lighter part of the Warrenheip basalt plateau which includes several volcanic cones. Elevation ranges from about 100 m to about 600 m. The Tertiary basalt plateau comprises six flows and drains to the south with gently undulating topography formed by moderately entrenched drainage lines.
Residual ranges of Ordovician sandstones and mudstones form part of the catchment boundary in the east and south (Mt. Egerton and Mt. Doran). A biotite adamellite* of Devonian times has intruded the Ordovician sediments in the Central part of the catchment and along the south-eastern boundary.
The Bungal Dam has been constructed on Ordovician sediments across a steeply dissected valley below waterfalls on Lal Lal Creek and the West Moorabool River.
The basalt flows blocked some drainage lines leaving poorly drained areas which have formed swamps and lakes have retained deposits of Recent alluvial sediments. The Lal Lal swamp (105 ha) is probably the largest of these areas.
In addition, there are small areas of Tertiary sedimentary gravels, conglomerates, sands and limestone along the West Moorabool River which have supplied sands and gravel for construction of the Bungal Dam.
A more detailed description is included with land systems data in Appendix A. Soils
A detailed description of the soils in the catchment is given in Appendix A. Generally the soils are deep and well structured in the north of the catchment and shallower and poorly structured in the south.
Soils formed on basalt cover most of the catchment and are of two main types, both with low erodibility. The grey soils have a grey clay or sandy clay loam surface horizon with floaters of basalt, over a yellow- grey mottled clay subsoil. The grey soils are the most distant soils from the volcanic cones and are poorly drained and subject to winter water logging. The red soils, near the Volcanic cones are gradational red-brown clay loams with the clay content increasing with depth.
* Adamelite is a rock type intermediate between granite and granodiorite in relation to mineralogy and chemical composition.
BACKGROUND INFORMATION ONLY
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Plate 3 – Looking south along the Woolen Creek arm towards Lal Lal Reservoir.
Note the basalt plain to the west, with its sharp escarpment and the residual Ordovician hill on the east. The forest cover provides a good stream buffer and prevents land slips. Good land managers would fence these areas off and subject them to light grazing.
[image: image6.jpg]



Plate 4 —– Looking east across Woolen Creek in the vicinity of CA 82. Note the sharp transition between the basalt plain and the escarpment.
The soils are well structured and drained, and are quite fertile. Fertility generally decreases the further one goes away from the cones, so it is common to find intensive cultivation of steep slopes on the sides of the cones. The grey soils are often found in association with the red soils, generally on the lower slopes or where the drainage is poor.
On the Ordovician sediments, soils are duplex grey-brown to yellow-brown silty loams over yellow brown silty clay with depth of soil increasing with higher rainfall. These soils generally have a low natural fertility and are quite erodible. The physical structure of the topsoil is usually poor and becomes “powdery” with excessive cultivation.
On the Granitic material, soils are duplex grey sandy loams over heavy grey clay. These soils are generally well drained, moderately deep and of low natural fertility. The topsoil structure is dependent on the organic matter content and may therefore deteriorate after several years of cultivation.
On recent river alluvium, poorly structured sandy clay loams have been formed, which are prone to winter waterlogging. In the Swamp/lake deposits, a better-structured grey clay loam is found, which is nevertheless subject to salting and waterlogging, making it difficult to work for agricultural uses.
BACKGROUND INFORMATION ONLY
In most areas the erosion hazard is low because of the combination of soil, slope and climate. The Ordovician sediments have, however, areas of a relatively high erosion hazard and the steeper slopes should be kept forested wherever possible. Some roadside and stream bank erosion may be found in the catchment but that is not considered to be very serious.
Vegetation
The basalt areas where never densely forested, but in some places, such as on the escarpments, there is an open woodland of Box, Manna Gum (E. viminalis), Peppermint, and Blackwoods (Acacia melanoxylon).
On Ordovician soils, Messmate (Eucalyptus obliqua) is the dominant species in the dry sclerophyll, mixed species forest areas in the lower rainfall portion of the catchment, but in the wetter areas to the north on Ordovician soils, the vegetation changes to Narrow Leaved Peppermint (E. radiata) and Several Box species being co-dominant with the Messmate.
The granitic areas have an open woodland structure with Box species, Peppermint, and Sheoaks (Casuarina stricta). Red Gums (E. camaldulensis) may be found along the streams. Generally only remnants of the native vegetation remain because most of the granitic area has been cleared for sheep and cattle grazing.
The Tertiary sedimentary areas support an open woodland with Peppermint, Swamp Gum (E. ovata), and Black Wattle (A. mearnsii) found on the generally sandy loam soils.
Generally the catchment is only sparsely vegetated with native species, and is used predominantly for agriculture. Some land holders have planted exotic species such as Cyprus and Pinus species as Windbreaks on the open plains.
AVAILABILITY AND USE OF WATER 1.
Water yield
Approximately 20 to 30% of the rainfall on the catchment to Bungal Dam become available run off. Most of the run off is in the Winter and Spring (Figure 2) with the speak yield in August.
The recorded annual yield of the Moorabool River at Morrisons varies from 205, 500 Ml in 1952/53, to 1,580 Ml in 1967/78 with the average for the period of record 1945-1969, being 69,600 Ml from the catchment area of 583 km2. A shorter period of record is available for gauging stations upstream of Morrisons. Records of the West Branch of the Moorabool River at Lal Lal kept since 1967 show a maximum annual discharge of 26,423 Ml in 1974 and a minimum annual discharge of 2, 769 Ml in 1972. The record for the West Moorabool River at Mt. Doran Road, downstream of the Bungal Dam, shows the impact of the dam on the flow regime. Table 6 illustrates the impact of the dam during the filling period, 1972/73.
Table 6 Total Annual Discharge in Ml for the West Moorabool River at Mt. Doran Road (State Rivers and Water Supply Commission data).
	YEAR
	DUSCHARGE (Ml)

	1971
	62,622

	1972
	1,776

	1973
	633

	1974
	71,625


BACKGROUND INFORMATION ONLY
Figure 2 – Mean monthly flow of Moorabool River at Morrisons (1945 – 1969)
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2.
Water Supply
Water from the Lal Lal Reservoir supplies domestic and industrial water to Geelong, Bannockburn, and Ballarat. The West Moorabool Water Board is also authorised to supply water to other persons or organisations up to 41 Ml/ annum. Geelong gets nearly 2/3 of the water and Ballarat 1/3, but this arrangement is expected to change as Ballarat grows.
Geelong’s water is pumped from an off take weir at Sheoaks (on the Moorabool river downstream of the Bungal Dam) into a nearby high level basin, from where is gravitates through a 675 mm diameter steel main to a storage reservoir at Montpellier on the edge of Geelong’s reticulation system. Releases are made from the Lal Lal Reservoir until the spillway overflows, and travel via the river to Sheoaks. A new pump is to be installed at Sheoaks capable of pumping 54 Ml/day. The Geelong Waterworks and Sewerage Trust has investigated the possibility of piping water from Bungal Dam to Sheoaks but the cost is too great (approx. $6 million).
Ballarat does not have the benefit of gravity and must pump from the dam to a storage basin constructed near Warrenheip. The Ballarat pumping station has two pumps which will deliver 22.5 Ml/day against a 240 m head. There is a rising main of 610mm diameter to Navigators and 457 mm from Navigators.
The Lal Lal Reservoir first filled in June 1974, and has overflowed each Winter since then, usually continuing overflows until December.
The Bannockburn District Waterworks Trust contributed some money to the construction of Bungal Dam and is allowed to abstract up to 91 Ml per annum, from the reservoir. The Trust supplies about 1000 people in Lethbridge, Meredith, Bannockburn, Inverleigh, Shelford, and Teesdale.
BACKGROUND INFORMATION ONLY 3.
Water Quality
Some water quality data has been collected since late 1973 but the data is inadequate to form the basis for a land use determination. There is insufficient data to relate combinations of land use and land features to specific water quality parameters. A modified water quality sampling program has now been established in conjunction with the West Moorabool Water Board, the Geelong Waterworks and Sewerage Trust, the Ballarat Water Commission, the State Rivers and Water Supply Commission and the Environment Protection Authority. It is hoped that this program will provide more useful data in the future.
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Plate 5 – A eutrophic dam near Black Creek, north of the Land Use Notice area.
One of the major water quality problems in this catchment is high nutrient levels from a variety of sources, which may lead to eutrophication in the Lal Lal reservoir. The high biomass and occasional blooms in both stock dams and the tributary streams indicate high nutrient levels reaching the main storage.
Levels of coliform bacteria, indicators of faecal contamination are occasionally high at Sheoaks indicating either that the detention time in the reservoir is insufficient to kill the bacteria, or that there are significant contributions below Bungal Dam.
The proposed water quality monitoring program is given in Appendix D. It is hoped that this program will elucidate:
( i )
the contribution of the Western Highway to heavy metal pollution;
( ii )
the contribution of agricultural practices to pesticide and nutrient pollution;
( iii )
the contribution of the township areas to nutrient levels and pathogens;
( iv )
the distinction between pollution contributions of grazing and potato cropping;
( v )
whether the storage is subject to stratification and whether high nutrient levels could lead to
eutrophication.
The existing water quality in the Ballarat system before the connection of Bungal water is shown in Table 7, which indicates that the addition of Bungal water to the previous Ballarat Supply would not have caused any deterioration in quality.
BACKGROUND INFORMATION ONLY
Table 7 Water Quality of the Ballarat Supply before connection of the Bungal water.
	Parameter
	Average level

	Total dissolved solids
	100 p.p.m.

	pH
	6.5-8.2

	Hardness (as CaCo3)
	41 p.p.m.

	Calcium
	6.5 p.p.m.

	Magnesium
	6.0 p.p.m.

	Aluminium
	0.05 p.p.m.

	Iron
	0. 15 p.p.m.

	Silica
	2.5 p.p.m.

	Potassium
	0.5 p.p.m.

	Sodium
	17.0 p.p.m.

	Manganese
	0.05 p.p.m.

	Chloride
	26.0 p.p.m.

	Fluoride
	0.1 p.p.m.

	Sulphate
	2.0 p.p.m.

	Phosphate (as P)
	0.04 p.p.m.

	Ammonia (as N)
	0.05 p.p.m.

	Nitrate (as N)
	0.4 p.p.m.

	Organic Nitrogen (as N)
	0.6 p.p.m.

	Colour
	35 Pt/Co Units

	Turbidity
	5 F.T.U’s


4.
Water Treatment
The supply to both Ballarat and Bannockburn is chlorinated, mainly to reduce algae, but also to kill E. coli. Initially the water from Lal Lal Reservoir required higher chlorine levels than the rest of the Ballarat supply but it has recently dropped to normal levels. Geelong, however merely allows water in the service basin, relying on residual levels for sterilisation. The Ballarat Water Commission has estimated that to filter Ballarat’s water supply would require the construction of two treatment plants. One would be located adjacent to the Invermay main and the other on the Bungal rising main on the edge of the Forest Reserve by the Iron Mine Road.
The Invermay plant would cost in excess of $3,000,000 and ancillary works $1,500,000 to treat 20 million gallons per day. The Bungal Treatment Plant would need an initial capacity of 10 to 12 million gallons per day and would cost about $1,750,000. An additional pumping station would be required, costing about $250,000.
Operating costs would be high because Environment Protection Authority requirements for disposal of sludge would now prevent returning the wastes to any stream. Estimated operating costs for both treatment plants would be about $1,000,000 per year. As the rates and sale of water in 1977 will bring in an estimated $1,250,000 it is probable that rates would have to be increased by 80%.
Accordingly, the successful implementation of a Land Use Determination could save a capital cost of $2,000,000 and a running cost (of the Bungal Treatment Plant) of about $400,000 per year.
LAND SYSTEMS
For nearly twenty years the Soil Conservation Authority has been characterising the land features of Victoria on a hierarchical system of units suitable for mapping at different levels of resolution. The State has now been described at a Land Systems and Land Component level.
Land Systems are areas of land with characteristic patterns (that is, repetitive sequences) of the various land features such as topography, soils and vegetation. Land components are arbitrary subdivisions of land-systems, such that there is a high degree of uniformity of the land features.
On this basis land systems and components within the catchment have been mapped and a detailed description of these is given in Appendix A.
Each of the Land Systems is designated by a set of six numbers e.g. 553124
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Reading from left to right these numbers represent:
	(a)
	Average Annual Rainfall

	1. 
	250-375 mm
	(10-15 ins)

	2. 
	375-500 mm
	(15-20 ins)

	3. 
	500-625 mm
	(20-25 ins)

	4. 
	625-750 mm
	(25-30 ins)

	5. 
	750-1000 mm
	(30-40 ins)

	6. 
	1000-1250 mm
	(40-50 ins)

	7. 
	1250-1500 mm
	(50-60 ins)

	8. 
	>1500 mm
	(>60 ins)


(b)
Geological Age of Surface Materials
1. Lower Palaeozoic
2. Upper Palaeozoic
3. Mesozoic
4. Tertiary
5. Quaternary
(c)
Surface Rocks or Sediment
1. Acid igneous
2. Basic igneous
3. Sedimentary siliceous
4. Sedimentary calcareous
Average Altitude of Land System
	1. 
	0-300 m

	2. 
	300-600 m

	3. 
	600-900 m

	4. 
	900-1200 m

	5. 
	1200-1500 m

	6. 
	1500-1800 m

	7. 
	>1800 m


Land Forms
1. Flat plains
2. Undulating plains
3. Low hills (<100 m)
4. Hills (100-300 m)
5. Mountains (>300 m)
6. Coastal dunes
Unique Land Systems Number
Used to identify discrete Land Systems within a group having the same first five numbers. Differences based mainly on the dependent variables soil and vegetation.
The main land features of each component are described and these may be related to the criteria used to determine land capability. Figure 3 shows the preliminary mapping of Land Systems in the whole catchment and Figure 4 shows the preliminary mapping of Land Units in the Land Use Notice area. More detailed planning could alter the boundaries of these categories, as most of the data is obtained from aerial photos with only limited verification on the ground.
BACKGROUND INFORMATION ONLY Figure 3 – Land Systems – Lal Lal Catchment
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Figure 4 – Land Units in Land Use Notice Area – Lal Lal Catchment
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In the Land Use Notice area, four Land Systems have been recognised. The area of Ordovician rocks has been mapped into two Land Systems; one being the steeply dissected valleys and low hills below the level of the basalt plateau, and the other being the higher residual hills on the eastern boundary. The basalt plains and the granitic low hills described previously form the other two Land Systems. These four Land Systems were mapped in greater detail at a Land Unit level as shown in Figure 4. The relationship between Land Systems, Land Units, and Land Components is given in Table 8.
Table 8 Relationship between Land systems, Land Units, and Land Components in the area of the proposed Determination.
	LAND SYSTEM
	LAND UNIT
	PROBABLE LAND
COMPONENTS

	452222
	452222 A
	(3) long slope

	(Basalt Plateau)
	452222 B
	(4) scarp

	
	452222 C
	(5) creek flat

	421242
	421242 A
	steep slopes

	(Devonian granite)
	421242 B
	gentle slope foot slope

	413231
	413231 A
	crest

	(Ordovician sediments)
	413231 B
	long slope

	
	413231 C
	upper swale

	
	413231 D
	lower swale

	413232
	413232 A
	spurs

	(Ordovician sediments)
	413232 B
	gentle slopes fans

	
	413232 C
	lower swale
upper swale


LAND USE
(a)
Existing Land Use
The consideration of existing land tenure and land use in the catchment is important for two reasons. Firstly the existing land tenure helps to identify the difficulties involved in changing present land uses. Secondly the existing intensity and types of land use determine the amount and types of pollutants. In addition, it is necessary to study the changes of land use over time, to impact on water yield and water quality.
Sheep and cattle grazing are the most prevalent uses of land in the catchment, although in the northern half of the catchment potato cropping is a significant use. There is an area of Reserved Forest on the western side of the reservoir which is used for recreation and some forest products such as posts and firewood, and limited sawlog production. An increasing use in the catchment is for small rural retreats, ‘hobby’ farms and low intensity residential use. This is due to the proximity of the catchment to Melbourne and Ballarat, and also the large number of small Crown Allotments which are remnants of the early mining activity in the area. There is still some mining in the catchment; the largest activities being associated with kaolin mining and the extraction of road making material. Other uses include 100 km of roads including the Western Highway; the Ballarat-Geelong railway line. The West Moorabool Water Board has purchased some land around the perimeter of the reservoir and is now using most of the area for strictly controlled grazing. Figure 5 indicates the distribution of various forms of land use throughout the catchment.
To get an estimate of the likely existing pollutant load, the census and rural statistics data for the main parishes in the catchment have been analysed (Appendix E) in relation to their proportion within the catchment (Table 9) so as to reveal the land use profile of the catchment (Table 10).
Table 9 Proportion of Parishes within catchment boundaries.
	Parish
	
	% of Parish in Catchment

	Warrenheip
	
	97

	Kerrit Bareet
	
	95

	Lal Lal
	
	86

	Buninyong
	35
	

	Bungaree
	24
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Figure 5 – Present land use pattern in the Lal Lal Catchment
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Figure 6 – Sketch plan showing approximate location of Parishes in the Lal Lal Catchment
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	Approx. Total for
the catchment
	21830
	271
	79
	11880
	3490
	376
	93
	510
	750
	16230
	1750
	50450
	200600

	Parish
	Warrenheip 97%
	8030
	135
	60
	4220
	1200
	290
	20
	280
	480
	6780
	1360
	15210
	5570

	
	Lal Lal 86%
	3620
	20
	183
	2720
	500
	0
	0
	30
	10
	2510
	0
	15530
	62900

	
	Kerrit Bareet 95%
	5450
	51
	106
	2610
	960
	16
	0
	60
	100
	3800
	10
	9790
	43500

	
	Buninyong 35%
	2550
	39
	65
	1350
	510
	0
	13
	20
	10
	1640
	190
	4910
	21200

	
	Bungaree24%
	2180
	26
	82
	980
	320
	70
	60
	120
	150
	1500
	90
	5010
	17300

	Item
	Area of Farm holdings (ha)
	Number of holdings
	Average size of farm holdings (ha)
	Area of sown Pasture (ha)
	Area of native pasture (ha)
	Area of barley (ha)
	Area of Wheat (ha)
	Area of Oats (ha)
	Area of Vegetables (ha)
	Total Number of Cattle
	Total Number of pigs
	Total Number of sheep
	Wool Clip (kg)
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Table 10 shows that the Parish of Lal Lal is almost entirely devoted to grazing with only occasional crops of oats grown primarily as stock food. Sheep are the main livestock grazed, yielding about 4 Kg wool per head. Land in the Parish of Kerrit Bareet is mainly used for grazing but about 100ha/ annum is devoted to potato cropping in the northern part of the Parish. There is also a small area used for growing barley. Cattle are more important in this Parish than in Lal Lal, but there are still about 10,000 sheep. The Parish of Warrenheip is used mainly for mixed farming. The average size of farm holding is almost half that in the Parishes of Lal Lal and Kerrit Bareet. Wheat, oats, potatoes, and barley are cropped on about 1,000ha/ annum. Cattle numbers are high and both dairy and beef cattle are raised. A large number of sheep are also grazed but these are raised. A large number of sheep are also grazed but these are often used for fat lamb production rather than wool. A large number of pigs are also raised in this Parish.
For the Parishes of Bungaree and Buninyong, tentative conclusions about land use may be drawn. The Parish of Buninyong is used mainly for grazing sheep and cattle. The holdings are relatively small for grazing properties, suggesting that a number of properties are held by ‘hobby’ farmers. Small areas of wheat, vegetables, and oats are cropped, but cropping is a very minor land use. A fairly large number of pigs are raised in this Parish. The Parish of Bungaree is used for mixed farming on moderately sized blocks of land. Barely, wheat, vegetables and oats are cropped on about 400ha/annum. The ratio of sheep to cattle is approximately the same as in the Parish of Buninyong but the wool clip is much lower, suggesting that more sheep are grown for fat lambs than for wool.
It will be noted that the statistics confirm the idealised map of land use (Figure 5) which was drawn from aerial photo interpretation.
(b)
Trends in Land Use
Over the seven year period, 1969/70 to 1975/76, there have been few major changes in land use in the catchment. The area of holdings increased up to 1974/75, but decreased markedly in 1975/76, mainly in the Parish of Buninyong. This may be due to increased pressure for subdivision of land into small allotments in this Parish. What proportion of this change occurred within the catchment is not known. The number of holding has been declining since the base year 1969/70, particularly in the Parishes of Buninyong and Warrenheip. Apparently, the small non-viable farms are being sold as smaller non-agricultural allotments because the average farm size has been increasing since the base year.
The area of sown pasture has declined whereas the area of native pastures has increased slightly since the base year. The total number of cattle grazed has risen markedly up to 1974/75 but has recently shown a decline in response to lower prices and the reduced area of farm holdings. To a large extent the cattle have replaced sheep, because sheep numbers have declined consistently since the base year. The wool clip has declined as a result of the reduced number of sheep grazed, but the wool clip per head has increased since the base year.
The area used for cereal cropping appears to have increased since 1969/70 although some confusion is caused by a change of definition of the oats category in 1972/73. Oats are more often grown in the area for green feed than for grain. The area devoted to vegetable cropping has declined since 1971/72, but yield have probably remained the same or increased due to additional fertilizer use and irrigation.
The number of pigs in the catchment has fluctuated from year to year. The main concentration of pigs is in the Parish of Warrenheip, where is appears that there is an increase in the pig population.
Unfortunately there is no easy way to determine the number of people living in the catchment at present or to identify changes over time. However, a rough estimate based on the number of farm holdings, the number of separate Crown Allotments, would be about 1500-2000. The population has increased recently due to interest in smaller rural residential lots, and can be expected to continue increasing.
Table 1 1 shows the number of Crown Allotments already available for rural residential use.
BACKGROUND INFORMATION ONLY Table 11 Crown Allotments in the Lal Lal Catchment
	Parish
	Approximate Number of
Crown Allotments

	Korweinguboora
	16

	Clarendon
	50

	Moorabool West
	42

	Buninyong
	372

	Lal Lal
	183

	Kerrit Bareet
	600

	Warrenheip
	400

	Bungaree
	114

	Bungal
	16

	Dean
	140

	Total
	1933


The forest area will probably be used increasingly for recreation rather than timber production. Plans have been drawn up for a working model of the old Lal Lal blast furnace and associated facilities at the roundabout (on the ridge road overlooking the reservoir). This project will proceed when funds are available, and the road will be sealed to form a major tourist route.
In summary, the major trend in land use in the catchment is the replacement of smaller farms with even smaller rural residential allotments. The swing from sheep to cattle has been temporarily halted but could recommence if beef cattle prices increase. The mixed farming zone is being used more intensively for cropping but the area under cultivation each year is probably fairly static. Ad more agricultural land is used for urban development in areas closer to Melbourne, vegetable production could increase in the catchment.
(c)
Land Use and Water Quality
The mixture of land uses in the catchment produces a wide range of pollutants. However the present state of knowledge makes it extremely difficult to predict the resultant concentrations or load of pollutants in the streams or reservoir.
For example, one of the major concerns of the West Moorabool Water Board is the possibility of eutrophication in the Lal Lal Reservoir. There is a number of different ways of predicting eutrophication of inland water, including:
1. Nutrient concentration in the water
2. Dissolved oxygen status
3. Total dissolved solids
4. Standing crop (biomass)
5. Primary production
6. Production/ biomass ratio
7. Transparency of the water
8. Species diversity and types present
9. Lake morphometry
10. Sediment core analysis
11. Algal bioassays
Significant changes in such indices indicate a likely change in trophic state. The West Moorabool Water Board is establishing a monitoring program to check on changes in these indices over a period of time. At the present time however, there are no long term records of these indices, and prediction must generally rely on likely levels of nutrients.
Nutrient problems my be studied in one or more of the following forms:
1 .
Concentration of nutrients and associated ions;
2.
Critical or limiting nutrient concentrations;
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3. Turnover rates;
4. Nutrient loading rates.
In the U.S.A., nuisance algal growths occur where concentrations of ignorance nitrogen and phosphorus exceed 0.30 mg/l and 0.01 mg/l respectively. These critical concentrations are probably not applicable to Australian conditions. Table 12 shows reports of nutrient concentrations in eutrophic lakes in Australia.
Table 12 Nutrient levels in eutrophic lakes in Australia (Wood, 1975)
	Lake
	State
	Phosphorus
mg/l
	Nitrogen
mg/l

	Wendouree
	Vic.
	0.186
	0.504

	Burrumbeet
	Vic.
	0.175
	10.2

	Burrinjuck Dam
	N.S.W.
	0.099
	0.3


As shown in the Water Quality section, nitrogen levels only are available for Lal Lal Reservoir. Nitrogen varies from 0.05 mg/l to 1.3 mg/l which is as high as the levels in the Burrinjuck Dam shown in Table 12. However, there are no phosphorus data and little can really be claimed from nitrogen levels alone.
By considering the land use and likely contribution of nutrients from the land some estimate may be made of likely loading rates. If we assume that the proportion of land use in the catchment is as follows:
Cropping
-10%
Grazing
- 83%
Forestry
- 2%
Urban, roads, low density residential
- 5%
Further if we assume (Uttormark 1974) that the yield of nitrogen from cropping is 0.5 Kg N/ha/yr; grazing- 0.2 Kg N/ha/yr; forestry – 0.1 Kg N/ha/yr; and urban, etc., 0.1Kg N/ha/yr; then the nutrient load is as shown in Table 13.
Table 13 Nutrient load from land uses in the catchment to Lal Lal Reservoir.
	Land Use
	Loading Rate
Kg N/ha/yr
	Area (ha)
	Total Load Kg N

	Cropping
	0.5
	2190
	1095

	Grazing
	0.2
	18180
	3636

	Forestry
	0.1
	440
	44

	Urban, etc.
	1.0
	1100
	1100

	Total
	21910
	5875


Since the annual flow of water into the reservoir is approximately 1500Ml, this would result in an average concentration of 0.4mg/l of Nitrogen. This is in reasonable agreement with recorded levels.
The surface area of Lal Lal Reservoir is approximately 364ha, so the loading rate is:
= 5875000
g N/m2/yr
364 x 104
= 1.6 g N/m2/yr
For a lake of 10-50m depth, the permissible loading rate according to Uttormark (1974) is 4.0 gN/m2/yr and a dangerous loading rate is 8.0 gN/m2/yr. From these results, it may be predicted that although eutrophication may occur in some of the shallow areas of the reservoir, the level of nitrogen is unlikely to cause eutrophication in the main water body. However two factors confuse the issue. Firstly the permissible and dangerous levels are based on U.S.A. data, and therefore may not be applicable to
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Australia. Secondly, volcanic soils often have a high nitrogen content which may be leached out from the soil into the tributary streams. Further investigation by the West Moorabool Water Board will attempt to define the danger of eutrophication in the reservoir.
If the rate of fertiliser usage continues to increase as it has done in the past, then the danger of eutrophication will increase.
Figures 7,8 and 9 show the area fertilised in the Buninyong and Bungaree Shires, the amount of superphosphate used, and the amount of nitrogenous or mixed fertilisers used, for the period 1965/6 – 1972/3.
The area fertilised has decreased over this time, and the amount of superphosphate used has dropped accordingly. However, there is a marked increase in the amount of nitrogenous and mixed fertilisers used. This is in accordance with world wide trends and can be expected to continue for some years particularly on vegetable crops.
The biological oxygen demand generated by the large population of animals and humans in the catchment can be approximately expressed as Population Equivalents. Table 14 shows the total PE for the Lal Lal Catchment.
Table 14 BOD levels expressed as Population Equivalents for Lal Lal Catchment
	Category
	Population Equivalent
( carbonaceous BOD) per unit
	Population
	Population
Equivalent

	Humans
	1.0
	1600
	1600

	Cattle
	6.4
	16230
	103872

	Pigs
	1.6
	1750
	2800

	Sheep
	0.57
	50450
	28756

	Others- (Dogs, Cats, Goats,
Poultry)
	(0.37-1.0)
	Unknown
	-

	Total
	
	
	Approximately
140000


The Population Equivalents are compared to a human excrement baseline. On this basis the catchment contains a BOD generating population equivalent to 140,000 people. There is however, no data to suggest what proportion of this contaminant enters the stream system. Fortunately most of the streams enter the reservoir after going over waterfalls, so that there is a high capacity for reaeration. Bacterial pollution from such a high population is obviously a major problem for the water supply authorities. Ballarat and Bannockburn chlorinate their water from the reservoir, but Geelong only mixes the water with pre- chlorinated water. It appears that the residual chlorine is sufficient to sterilise the water, as tap samples are within acceptable limits. However, there is always the possibility of viral contamination which will not be removed by chlorination. There are no viral tests conducted to access this risk.
Pesticides and herbicides are used widely in the catchment and Table 15 shows the target organisms, chemical names, and dosage rates recommended by the Department of Agriculture. It is not known whether any of these chemicals persist in the water supply at levels dangerous to health.
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Figure 7 – Area fertilized (ha) in Buninyong and Bungaree Shires.
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	Chemical
	Lindane in Super
	15% Phosmet
	40% dimethoate
	50% Chlorfevinphos
	50% Maldison mixed in wheat
	35% endodsulfan
	50% Maldison
	50% Fenitrothion
	16% lindane
	50% Maldison
	50% Fenitrothion
	40% azinphosethyl
	(recommendation often ignored and growers use monocrotophos)
	25% demeton —s- methyl
	70% metribuzin
	20% diquat
	25% amitrole
	20% paraquat
	20% bromoxynil
	Plus 20% MCPA
	40% trifluralin
	50% 2,4-D amine
	50% 2,4-D amine
	2,4,5- T

	Recommended Rate of Application
	150 gm/ha
	245 ml/ha
	Or 70 ml/ha
	560 ml/ha
	280 ml/ha
	1.01/ha
	2.21/ha
	Or 0.61/ha
	Or 2 m1/1
	2.21/ha
	0.61/ha
	1.01/ha
	
	1.01/ha
	250 g/ha
	3.0 —4.01/ha
	4.21/ha
	Plus 2.01/ha
	1.01/ha
	
	1.01/ha
	1.71/ha
	0.8 to 1.71/ha
	0.07% to 0.13%

	Target organism
	Pasture cock chafer
	Red legged earth mite
	
	Underground grass caterpillar (rare in catchment)
	Field cricket (not common in catchment)
	Southern Army worm
	Wingless grasshoppers
	
	
	Plague locusts
	
	Potato Moth
	
	Aphids
	Weed control in potatoes
	Haulms lcilling of potatoes
	Post maturity weed control in potatoes
	Weed control in cereals
	
	
	
	Weed control in pastures Furze, blackberries
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Plate 6 —– The headwaters of Black Creek, outside the Land Use Notice area.
Cropping too close to streams deposits sediment which will eventually find its way into the Reservoir. A stream buffer of 40 m width, filters out the sediments before it reaches the stream. This will also assist the farmer because it will prevent costly dams from becoming full of silt.
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Plate 7 —– Stock crossings on Black Creek, just outside the Land Use Notice area.
Stock with access to the stream can channel water onto the stream banks, trample the edges of the stream banks, and pub up the stream floor. To prevent soil erosion resulting from stock access, farmers will be encouraged to provide off-stream watering points and to provide solid stock crossings.
Heavy metal pollution is possible from the roads and railways within the catchment and from fertilisers applied to the land. The Western Highway carries nearly 2,500,000 vehicles per year, between Ballan and Ballarat.
Assuming that most of these vehicles are two-axle vehicles (less than 400 per day have more than three axles) and therefore use leaded petrol (containing 0.5g Pb/l), a total of 532,000 axle km/day are travelled on the 38 km of highway in the catchment. Using English emission data (Laxen et al, 1977) about 9 x 10-3 g/axle km are emitted, giving a total emission of 1750kg Pb per year. Fortunately most of this is bound to soil particles close to the highway, but a significant portion must enter the streams.
The Ballarat Water Commission has recently taken three water samples from streams near the Western Highway and tested them for lead content. Only one sample was found to contain a significant amount of lead (0.1 ppm) It is not known how much lead remains in the water supply Of course other heavy metals enter the water supply, due to normal wear of vehicle parts, but it is not known whether significant water pollution results from this.
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Suspended sediment is contributed by most land uses in the catchment but most of the soils are fairly stable, and there is little impairment of water quality due to suspended solids or turbidity. However, monitoring results indicate some increase of turbidity levels over recent years which may be attributed to increasing development in the catchment. Turbidity may be a problem after high flow events.
In Summary then, the perceived water quality problems for the supply authorities are:-

(a) the possibility of eutrophication;
(b) bacterial and / or viral contamination;
(c) high colour and iron content;
(d) occasionally high turbidity;
(e) low dissolved oxygen and the possibility of thermal stratification in the reservoir;
(f) the possibility of heavy metal and pesticide pollution at trace levels.
Land use can be directly related to items (a), (b), (d) and (f). However, the ability of Soil Conservation Authority to change the land use so that these problems may be eliminated entirely must be doubted. At best, the controls flowing from a Land Use Determination will prevent further deterioration of water quality. The supply authorities must recognise that in the long term improvement of existing water quality will depend on water treatment. This catchment is used so intensively at present, that its return to a more pristine condition is simply not realistic.
(d)
Social and Demographic Changes Affecting Land Use
The Cities Commission Interim Report on the Central Highlands Regional Study indicates the likely social and demographic changes which could affect land use in the Lal Lal catchment.
Ballarat is the focal point of the Central Highlands Region for employment; education; shopping facilities and transport. It is also a major linkage point for the State’s network of communications; linking with Melbourne, Geelong and to some extent, Adelaide. As the focal point for so many activities, changes in and around Ballarat will affect land use in the catchment.
The population in the Ballarat sub-region (which includes the surrounding Shires as well as the urban area of Ballarat) contains about 70,000 persons. If present trends continue, the area will grow slowly to about 76, 000 persons by 1986. The size, composition and distribution of the regional population has changed over the last ten years and will continue to do so. The Ballarat urban area continues to absorb a greater proportion of the region’s population. As the region’s population is increasing in average age, more people are moving to Ballarat to retire or seek care in nursing homes. The proportion of the population of working age is decreasing and there is a continual out-migration of young adults.
Manufacturing industries employ the greatest percentage of the workforce in the Ballarat sub-region. However, the fastest developing areas of employment since 1961, have been in the tertiary sector; although the rate of increase was below the National and State levels. The fastest growing employment in this sector was in the areas of public administration and defence, and community services. The primary and secondary sectors of the regional economy suffered a decline over the period 1961- 1971.
In summary then, the population in the Ballarat sub-region is growing slowly, is becoming more urbanised, and is ageing. However, in-migration and employment opportunities are primarily for people in the tertiary sector.
With an ageing farm population, out-migration of farmers’ children and an inflow of better educated professional people, there will be increased pressure for sale of farm properties, particularly for rural retreats and hobby farms. This trend will also be encouraged by the completion of the Western Highway duplication from Melbourne to Ballarat. Melbourne will then be only one hour drive from Ballarat. There is no need for further subdivision in the catchment to meet this demand for small lots, as there is already at least 2,000 Crown Allotments in the catchment. Unfortunately there is little that a Land Use Determination can do to prevent the sale of existing allotments and any control must rely on liaison with the appropriate planning bodies and on supervising the developments associated with these smaller holdings.
	Suitable land uses
	Mining
	Low
	Mod.
	Mod.
	Mod.
	High
	High
	High

	
	Rec.
	Mod.
	Mod.
	Mod.
	Mod.
	Mod.
	High
	High

	
	Road
	Low
	Mod.
	Mod.
	Mod.
	High
	High
	High

	
	Reservoir
Buffer
	Mod.
	Low
	Mod.
	Mod.
	Low
	Mod.
	Low

	
	Stream
Buffer
	Mod.
	Low
	Mod.
	Mod.
	Low
	Mod.
	Low

	
	Wildlife
Cons.
	High
	Nil
	Nil
	Low
	Low
	Mod.
	Low

	
	Production
Forestry
	High
	Low
	Low
	Mod.
	Mod.
	Mod.
	Mod.

	
	Grazing
	Nil
	Low
	Low
	Mod.
	Mod.
	High
	High

	
	Low density
Residential
	Low
	Mod.
	Mod.
	Mod.
	High
	High
	High

	
	Cropping
	Nil
	Mod.
	Mod.
	High
	High
	High
	High

	Limiting land
features
	No Forest Cover
	Winter water logging
	Surface sealing
	Mod. erosion hazard
	Steep slopes
	High erosion hazard
	Close proximity to

streams or reservoir


BACKGROUND INFORMATION ONLY LAND CAPABILITY
The capability of each land unit to sustain a particular form of land use without damage to water supply interests was assessed by determining the limitations of the land features for each unit.
Table 16 shows the degree of limitation for each kind of land use considered.
Table 17 shows the limitations of each land unit mapped and an assessment of the most suitable land use made according to Table 16. Some degree of interpretation of the results was necessary to assess the most suitable land use, because existing land uses must also be taken into account.
The assessment of land capability formed the basis of the six land use categories in the proposed Land Use Determination. Uses which were not the most suitable use but which could be permitted under certain provisions were also determined by the assessment procedure.
Table 17 Limitations of land units and most suitable land uses in the Lal Lal Catchment
	Land Unit
	Limitations
	Most Suitable Land Use

	452222 A
	Winter waterlogging; No forest cover
	Grazing with occasional cropping

	452222 B
	Steep slopes; High erosion hazard; Close proximity to stream and reservoir
	Stream or reservoir buffer

	452222 C
	Moderate erosion hazard; Proximity to stream
	Stream buffer

	421242 A
	Steep slopes; High erosion hazard
	Production forest

	421242 B
	Moderate erosion hazard; Surface sealing under cultivation; No forest cover
	Grazing

	413231 A
	Moderate erosion hazard; Steep Slopes; Surface sealing; No forest cover
	Grazing

	413231 B
	Winter waterlogging; Surface sealing; No forest cover
	Grazing

	413231 C
	Steep slopes; High erosion hazard; Close Proximity to stream
	Stream buffer

	413231 D
	High erosion hazard; Close proximity to stream
	Stream buffer

	413232 A
	Steep slopes; High erosion hazard
	Production forest

	413232 B
	Moderate erosion hazard
	Production forest

	413232 C
	High erosion hazard
	Production forest


DETERMINATION OF MOST SUITABLE LAND USES
From consideration of the capabilities the land units in the existing Land Use Notice area, the present land uses, and the requirements to protect the quality of water entering the reservoir, six separate land use categories have been determined.
Category 1
The primary or most suitable use of the land in this category is to act as a filter or buffer zone to clean up overland flow and subsurface seepage directly into the reservoir. The West Moorabool Water Board has already purchased a large percentage of the land in this category and should be urged to replant the steeper land to native vegetation. In discussions with the Board, it has been prepared to purchase and manage this land in accordance with the wording of the category. A few land holders may feel slightly disadvantaged if the Soil Conservation Authority controls stock numbers in this category, but there should be no need for compensation. The inclusion of wildlife conservation as a permissible use is simply a recognition of the use of these buffer areas as a wildlife refuge in an area sparsely populated with wildlife.
The boundary of this category coincides with the edge of the basalt escarpment on the northern side of the reservoir. Therefore the category contains most of the land unit designated 452222 B. On the southern side of the reservoir the boundary the boundary is generally located at the 200m minimum width of the buffer. Accordingly, parts of land units 421242 A and 413232 B fall within this category.
BACKGROUND INFORMATION ONLY Category 2
The most suitable use of land in this category is also as a buffer or filter zone and is set at a minimum of 40m from the stream edge. It is generally steep land, which is subject to occasional land slips and stream bank erosion and therefore needs permanent vegetation cover. Parts of this category are suitable for limited grazing but landholders should be encouraged to either reforest the area or maintain the existing forest cover. It is recognised that the control of weeds such as blackberries may be a problem unless strategic grazing is allowed.
However land holders must be prevented from overgrazing these buffer zones as this would reduce their filtering capacity. It may be necessary at times to specify the number of stock allowed in these areas and land holders should be encouraged to fence them off to allow better management. There is virtually no timber of commercial worth in these zones but it is recognised that some landholders may wish to cut posters from some of the trees. Limited forest operations may be approved by the Authority although landholders should be encouraged to replant treed to replace the ones they remove.
The land units found in this category are mainly the basalt creek flats (452222 C) and the upper and lower swales of the Ordovician areas on the north east side of the reservoir (413231 C and D).
Category 3
A State Forest Reserve on Ordovician material in the south west part of the Land Use Notice area occupies this category. Although the mixed species forest is not subject to heavy forest utilisation, some posts and firewood are removed from time to time. Any adverse affects of these forest operations will be controlled by forest management prescriptions worked out in conjunction with the Forest Commission.
The Forest Commission is developing part of the area for recreation particularly surrounding the historical reserve around the old Lal Lal blast furnace. Recreation and wildlife conservation are therefore regarded as permissible uses in this category.
The land units for this category are 421242 A and 413232 A, B and C. There is a small freehold area on a steep hill in the north east corner on land unit 413131 A which is also in this category.
Category 4 (a)
The most suitable use for this southern part of the basalt plains and the gently sloping granitic areas is grazing. Limitations to more intensive use are waterlogging in winter and deterioration of the soil structure with excessive cultivation. However, there are well- drained parts of this category which with suitable climatic conditions, enable landholders to successfully grow crops. Cropping on fairly long rotation is regraded as a permissible use, but more intensive cropping may be subject to Authority approval. There is some interest in this category for closer subdivision of land and the Authority should actively discourage such activities so close to the reservoir. However most of the land is already in small titles and there is little that the Authority can do to prevent these from being sold. The Authority can ensure the best location of houses, tracks and other developments and support local government and the responsible planning bodies in their requirements for satisfactory effluent disposal, pollution control and planning constraints.
This category mainly occupies two land units 421242 B and 452222 A; gently sloping granitic and the flat basalt plain.
Category 4 (b)
Category 4 (b) identifies those areas which are also primarily suitable for grazing but are not suitable for cropping. These areas are mainly drainage lines or steeply slopping land on Ordovician material and are limited for cropping because of excessive erosion hazard or waterlogging.
The land units in this category are 452222 A and 421242 B and 413231 B.
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A separate category is included for road reserves because roads are often a major source of suspended solids and turbidity. Fortunately most of the roads in the Land Use Notice area are in good condition and are located on relatively flat country. Other uses in this category are low intensity recreation and grazing of roadside pastures. Viewing areas and picnic spots have already been developed around the reservoir and there may be some pressure in the future to expand these.
Authority approval will be required for new road works and major maintenance projects and the development of further recreational facilities.
General Provisions
As there may be new land uses proposed in the present Land Use Notice area which are not covered by the wording of the Land categories, two general provisions have been included. These state that any change in land use in the area may be made only after consultation with the Authority and that conditions on land use may be specified at a later stage, once the determination is gazetted.
Table 18 Land Use Determination Categories
	Category
	Most suitable Land Use
	Permissible Land Uses
	Provisions

	1
	Reservoir Buffer (Minimum 200m from High Water
Mark)
	Protection Forest
	Land preferably reforested or retained as forest although parts may be suitable for grazing.
Forest operations require SCA approval.

	2
	Stream Buffer (Minimum 40m from stream edge)
	Limited Grazing Wildlife Conservation
	SCA may apply conditions to restrict stock numbers to ensure maintenance of vegetative cover.
Recreational facilities should be located outside these categories.

	3
	Production Forest
	Moderate intensity recreation and Historical Reserve.
Wildlife Conservation
	Forest operations subject to management prescriptions.
Development of recreational facilities requires SCA approval.

	4a
	Grazing
	Cereal cropping Cultivation for pasture improvement or cash crops.
Low density residential
	Land most suited to grazing but some better drained areas may be suitable for cropping.
SCA may apply conditions to restrict or to specify crop rotations or other soil conservation measures.
Effluent disposal systems are to be installed and operated in accordance with the provisions of relevant Acts.


BACKGROUND INFORMATION ONLY
	Category
	Most suitable Land Use
	Permissible Land Uses
	Provisions

	4b
	Grazing
	Cultivation for pasture improvement
Low intensity recreation
	SCA may impose conditions to restrict stocking rates and specify limitations on cultivation or other soil conservation measures.

	
	
	
	Effluent disposal systems are to be installed and operated in accordance with the provisions of relevant Acts.

	5
	Road Reserves
	Grazing
Low intensity recreation
	Road construction and maintenance subject to SCA approval.

	
	
	
	SCA may restrict stock numbers to ensure maintenance of vegetation cover.

	
	
	
	Development of recreational facilities subject to SCA approval.


General Provisions
Changes in land use in the Determination area may be made only after consultation with the SCA. The SCA may impose specific conditions on the use of land, in accordance with this Determination.
SUMMARY AND CONCLUSION
Utilising the procedure outlined in Figure 1 the relevant water quality problems have been defined; the relationship between land use and water quality discussed; the capability of part of the catchment investigated; and the most suitable uses of land determined bearing in mind existing land uses and water supply interests. Six land use categories have been defined by determining the most suitable land uses and other permissible uses. The portion of the catchment presently covered by a Land Use Notice has been mapped according to these six categories. A proposed Land Use Determination for this area is the major part of this report which can be implemented immediately.
However, it is clear that there are serious water quality problems, resulting from land use outside this limited area. For the Authority to have any significant influence on the state of the water supply, it would require a Land Use Determination to be implemented over the whole of the proclaimed catchment.
The Geelong Waterworks and Sewerage Trust would like to go one step further and proclaim the entire catchment to Sheoaks. This would involve proclaiming the eastern branch of the Moorabool River, at least doubling the area already proclaimed. The Authority should investigate the advantages and disadvantages of proclaiming this area. Recommendations in order of priority follow.
RECOMMENDATIONS:
1. That the Authority approves the draft report.
2. That the draft report be made available to interested organisations and persons for comment.
3. That the revised report be submitted to the Land Conservation Council, so that the Land Use Notice area can be implemented.
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4. That investigation commence on preparing a Land Use Determination for the remainder of the proclaimed catchment.
5. That investigations commence for the possibility of proclaiming the catchment to Sheoaks.
6. That the Publications and Information Section be responsible for preparation of the final report. REFERENCES
Laxen D.P.H. and Harrison R. Mr (1977). The highway as a source of water pollution: an appraisal with the heavy metal lead. Water Research 11(1): 1-11
Wood G. (1975). An assessment of eutrophication in Australia inland waters. Aust. Water Resources Council Tech. Paper 15.AGPS.
Uttormark P.D. et al (1974). Estimating nutrient loadings of lakes from non- point sources. NTIS PB​238 355.
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APPENDIX A: LAND SYSTEMS DIAGRAM AND DESCRIPTION OF THE LAND
COMPONENTS
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APPENDIX B: WATER QUALITY DATA FOR LAL LAL RESERVOIR AND
TRIBUTARIES
BACKGROUND INFORMATION ONLY
Iron levels in Lal Lal Reservoir at 30 cm depth (mg/l Fe)
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Total dissolved solids at 30 cm depth in Lal Lal Reservoir (mg/l)
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Chloride levels in Lal Lal Reservoir at 30 cm depth (mg/l Cl-)
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Turbidity levels in Lal Lal Reservoir at 30 cm depth (JTU)
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Colour levels in Lal Lal Reservoir at 30 cm depth (Pt. Co. units)
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Turbidity levels in tributaries to Lal Lal Reservoir (JTU)
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Colour levels in tributaries to Lal Lal Reservoir (Pt Co. Units)
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Colour levels in tributaries to Lal Lal Reservoir (Pt. Co. Units)
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APPENDIX C: WATER QUALITY DATA FOR THE MOORABOOL RIVER AT
SHEOAKS
BACKGROUND INFORMATION ONLY
Sheoaks Weir Colour Pt Co units
Mean (28/2/74 – 30/2/76) = 30.5
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Sheoaks Weir Turbidity JTU
Mean (28/2/74 – 30/12/76) = 10.2
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APPENDIX D: PROPOSED WATER QUALITY MONITORING PROGRAM FOR
LAL LAL RESERVOIR AND TRIBUTARIES
(a)
Monthly sampling at the following ten locations- testing for Total Phosphate, Nitrate, Total
Dissolved Solids, Colour, Turbidity, E. coli, and Silica (only every second month):-

1. Woolen Creek at Yendon Road;
2. Black Creek at Yendon Road;
3. Granite Creek at Yendon Road;
4. Ring Creek at Yendon Road;
5. Lal Lal Creek at Yendon Road (upstream of junction with Ring Creek);
6. Lal Lal Creek at Old Melbourne Road;
7. Lal Lal Creek at Gillespie Road;
8. West Moorabool River at Old Melbourne Road;
9. West Moorabool River at Gillespie Road;
10. Two Mile Creek at Old Melbourne Road.
(b)
Monthly testing of the West Moorabool River downstream of the pumping station septic tank
discharge point for E. coli only.
(c)
Monthly testing of the Reservoir at the following three depths:-

1. Surface;
2. Just above the thermocline;
3. 10 metres above the bottom of the reservoir.
(d)
Analyses of Two Mile Creek, Lal Lal Creek, and West Moorabool River in the vicinity of the
Western Highway for Lead. These samples are to be taken early in the year to coincide with the first significant run off.
(e)
Occasional tests for pesticides in the stream samples. These tests will be done for the West
Moorabool Water Board by the Department of Agriculture.
(f)
In situ tests at the stream and reservoir sites for Temperature, Dissolved Oxygen, and
Conductivity.
(g)
To determine stratification effects, the Ballarat Water Commission proposes to test for
Temperature, Turbidity, Dissolved Oxygen, Iron and Manganese in the reservoir at appropriate times of the year.
(h)
Estimate of flow at the time of sampling will help to determine actual loads of pollutants.
(i)
The State Rivers and Water Supply Commission will test for Chlorophyll ‘A’ on the surface
samples from the reservoir to determine the possibility of algal blooms due to high nutrient levels and suitable climatic conditions.
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Estimated cost of the water quality monitoring program
	Test
	No. of samples per
month
	Cost per test
($)
	Cost per annum
($)

	E. coli
	14
	6.00
	
	1 008

	Total Phosphate
	13
	10.00
	
	1 560

	Nitrate
	13
	5.00
	
	480

	Silica
	8 (av.)
	6.50
	
	624

	Total Dissolved Solids
	13
	5.50
	
	858

	Turbidity
	13
	2.00
	
	312

	Colour
	13
	1.00
	
	156

	Chloride
	3
	4.50
	
	162

	Hardness
	3
	4.50
	
	162

	pH
	3
	3.00
	
	108

	Alkalinity
	3
	4.50
	
	162

	Lead
	Irregular
	No charge
	
	

	Stratification Testing
	
	
	
	1 000

	Pesticides
	
	
	
	300

	Chlorophyll ‘A’
	1
	8.50
	
	100

	Total (approx.)
	$7 300


The frequency of sampling and testing will be modified in the light of data from the first twelve month’s results.
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APPENDIX E. LAND USE STATISTICS FOR PRISHES IN THE LAL LAL
CATCHMENT
Area of Holdings (ha)
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	8545
	9027
	8853
	8959
	9479
	9072
	9072

	Buninyong
	8481
	8102
	7922
	8590
	7739
	8676
	7283

	Kerrit Bareet
	4596
	4423
	4277
	4292
	4547
	5670
	5742

	Lal Lal
	4678
	4454
	4518
	4372
	4355
	4313
	4214

	Warrenheip
	8374
	8747
	8492
	8724
	8991
	8492
	8279

	Total
	34674
	34752
	34012
	34937
	35111
	36223
	34590


Area of Sown Pasture (ha)
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	4587
	5393
	5602
	5432
	5607
	4504
	4090

	Buninyong
	5556
	5879
	5641
	4712
	4273
	4797
	3853

	Kerrit Bareet
	3110
	3226
	3054
	2946
	3055
	2617
	2752

	Lal Lal
	3815
	3757
	3466
	3158
	3183
	3323
	3163

	Warrenheip
	5008
	5726
	5858
	5470
	5047
	4731
	4346

	Total
	22077
	23981
	23621
	21718
	21165
	19972
	18204


Area of Native Pasture (ha)
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	1136
	818
	-
	-
	680
	911
	1343

	Buninyong
	1748
	1340
	-
	-
	888
	1753
	1445

	Kerrit Bareet
	547
	553
	-
	-
	326
	1123
	1006

	Lal Lal
	539
	373
	-
	-
	603
	728
	587

	Warrenheip
	1140
	1315
	-
	-
	1137
	1160
	1242

	Total
	5110
	4399
	-
	-
	3634
	5675
	5623


Area of Barley (ha)
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	114
	191
	159
	200
	321
	347
	297

	Buninyong
	15
	14
	21
	27
	23
	25
	3

	Kerrit Bareet
	39
	36
	40
	29
	34
	34
	17

	Lal Lal
	0
	0
	0
	0
	0
	0
	0

	Warrenheip
	123
	130
	159
	162
	200
	214
	295

	Total
	291
	371
	380
	418
	578
	620
	612


Wool Clip (kg)
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	54866
	80015
	72995
	92923
	74799
	65511
	72112

	Buninyong
	85165
	103605
	82715
	88666
	58273
	93431
	60602

	Kerrit Bareet
	51790
	62049
	52740
	57266
	50460
	47669
	45769

	Lal Lal
	95510
	99826
	92212
	79905
	88043
	99124
	79178

	Warrenheip
	54901
	93484
	84792
	69930
	60592
	67114
	57399

	Total
	342232
	446559
	385454
	358690
	332167
	372849
	309060
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Number of Holdings
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	123
	125
	124
	131
	123
	120
	110

	Buninyong
	156
	152
	142
	154
	154
	144
	112

	Kerrit Bareet
	21
	50
	49
	50
	53
	55
	54

	Lal Lal
	26
	24
	25
	25
	25
	26
	23

	Warrenheip
	168
	166
	165
	165
	162
	152
	139

	Total
	524
	517
	505
	505
	517
	497
	438


Total Number of Sheep
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	26370
	29789
	31454
	22403
	28861
	18196
	20890

	Buninyong
	26667
	26202
	22690
	19880
	17621
	19608
	14034

	Kerrit Bareet
	14942
	16750
	14792
	9647
	10116
	9531
	10306

	Lal Lal
	24303
	23536
	24299
	16639
	17720
	19392
	18061

	Warrenheip
	21857
	29877
	23220
	21626
	20684
	16519
	15677

	Total
	114139
	126154
	116455
	90195
	95002
	83246
	78968


Area of Oats (ha)
	Parish
	Year

	
	1969/70*
	1970/71*
	1971/72*
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	238
	244
	168
	521
	463
	447
	505

	Buninyong
	16
	16
	42
	93
	121
	96
	70

	Kerrit Bareet
	3
	8
	0
	92
	93
	68
	63

	Lal Lal
	24
	20
	0
	12
	23
	7
	37

	Warrenheip
	114
	93
	73
	348
	355
	257
	288

	Total
	396
	382
	283
	1066
	1055
	875
	963


Area of Wheat (ha)
	Parish
	Year

	
	1969/70*
	1970/71*
	1971/72*
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	327
	267
	349
	261
	321
	244
	253

	Buninyong
	0
	0
	0
	0
	35
	37
	38

	Kerrit Bareet
	16
	0
	0
	0
	8
	0
	0

	Lal Lal
	0
	0
	0
	0
	0
	0
	0

	Warrenheip
	86
	42
	54
	44
	75
	52
	21

	Total
	430
	309
	403
	305
	430
	333
	312


Area of Vegetables (ha)
	Parish
	Year

	
	1969/70*
	1970/71*
	1971/72*
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	-
	-
	859
	779
	713
	681
	636

	Buninyong
	-
	-
	23
	30
	18
	16
	21

	Kerrit Bareet
	-
	-
	203
	220
	135
	265
	101

	Lal Lal
	-
	-
	5
	5
	13
	19
	11

	Warrenheip
	-
	-
	611
	484
	490
	550
	495

	Total
	-
	-
	1701
	1518
	1369
	1501
	1264
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Total Number of Cattle
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	4086
	5205
	5879
	6538
	6711
	7040
	6272

	Buninyong
	3196
	3702
	4170
	4824
	5464
	6281
	4682

	Kerrit Bareet
	1915
	1871
	2342
	3577
	3732
	4018
	1003

	Lal Lal
	1907
	2012
	2520
	2600
	2580
	2883
	2920

	Warrenheip
	5691
	6546
	7137
	7535
	7541
	7665
	3990

	Total
	16795
	19336
	22048
	25074
	26028
	27887
	24867


Total Number of Pigs
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	261
	194
	275
	353
	453
	92
	359

	Buninyong
	672
	673
	760
	720
	1339
	1319
	844

	Kerrit Bareet
	31
	31
	25
	20
	13
	12
	12

	Lal Lal
	48
	66
	43
	59
	0
	0
	0

	Warrenheip
	1129
	1054
	732
	1329
	1402
	1132
	1403

	Total
	2141
	2018
	1835
	2481
	3207
	2555
	2618


Average size of Farm Holding (ha)
	Parish
	Year

	
	1969/70
	1970/71
	1971/72
	1972/73
	1973/74
	1974/75
	1975/76

	Bungaree
	69.5
	72.2
	71.4
	68.4
	77.1
	75.6
	82.5

	Buninyong
	54.4
	63.3
	55.8
	55.8
	50.3
	60.3
	65.0

	Kerrit Bareet
	90.1
	88.5
	87.3
	85.8
	85.8
	103.1
	106.3

	Lal Lal
	180.0
	185.6
	180.7
	174.9
	174.2
	165.9
	183.2

	Warrenheip
	49.8
	52.7
	51.5
	53.2
	55.5
	55.9
	59.6

	Total
	66.2
	67.2
	67.4
	66.7
	67.9
	72.9
	79.0
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Table 10 Land use data for Lal Lal catchment on the basis of Fig. 6. (extrapolated from Rural Statistics)
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Table 15 Pesticides and Herbicides recommended for use in the Lal Lal Catchment (Source: Dept of Agriculture)
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Table 16 Degree Of Limitations For Selected Land Uses






























































