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Lachlan Valley River Styles®
Draft 9.11.11
Executive Summary

This report provides an analysis of the GIS map of the River Styles® in the Lachlan Valley, NSW. The reach scale River Style, geomorphic condition and recovery potential were mapped for named and 3rd order streams, including one 2nd and one 1st order tributary of each. In total, 18,164 km of reaches were mapped. 685 field sites plus some continuous bed material data were used to ground truth the mapping. There are 37 different River Styles. A new Style called Bank Confined Gravel was found on the lower Belubula River. The Styles with the longest total length of reaches are Headwater, Cut and Fill and Channelised Fill. The rarest Style is Sinking (disappears underground in Karst areas). Relative to reference reaches for each Style, only 17 % of the total mapped reach length is in poor geomorphic condition. 35% is in moderate condition and 45% is in good condition. The good condition reaches only require conservation maintenance. A total of 261 km of reaches have active headcutting, mostly into swampy meadow group Styles, and therefore require strategic management activities. The moderate and poor condition reaches have various recovery potentials, depending on their fragility and sediment availability for recovery. Of the total mapped reach length, 15 % has a high recovery potential, 16 % moderate and 20 % low. The total of all reaches likely to have one or more of the three types of wetland if water inflow is adequate is 15,296 km. An innovative tool for predicting stream bed sediment particle size from lithology data was developed for this map. This was used to determine the bed material sub-Style for reaches where the stream bed could not be seen on the digital aerial photography (due to obscuring by vegetation). Some areas of the lower valley had no ADS40 digital aerial photography coverage so SPOT satellite imagery was used for the River Styling, reducing the reliability of the assessments for those areas. It is recommended that those areas be reassessed when the ADS40 data becomes available.
Introduction
The Lachlan River Valley lies west of the Great Dividing Range in central NSW. Major tributaries to the Lachlan River are the Abercrombie, Belubula and Crookwell Rivers. The Lachlan River is a tributary of the Murrumbidgee River.
River Styles® (Brierley and Fryirs, 2005) was developed to provide essential fluvial geomorphology information for river management by Catchment Management Authorities (Brierley et al, 2002). It has been used in NSW since 1998.
This report provides an analysis of the GIS map of the River Styles® in the Lachlan Valley. The reach scale River Style, fluvial geomorphic condition and recovery potential were mapped for named and 3rd order streams, including one 2nd and one 1st order tributary of each. In total, 18,164 km of reaches were mapped. The River Styling was done between January and October, 2011 by Dr David Outhet, River Styler, NSW Office of Water. He is fully accredited as a River Styler by Macquarie University.
The River Styles mapping and assessment was done mainly by the interpretation of ADS40 digital stereo aerial photography, aided by 685 ground truth points and some continuous bed material ground truth data. However, in the eastern half of the valley, the stream beds in many places were covered with vegetation at the time of the aerial photography. For those reaches, the bed material sub-Styles were determined using expert (Dr Trevor Mount) knowledge of the likely calibre of the particles produced by the lithology of the sediment sources. All of the mapping and assesment methods are described in the following sections.
Detailed descriptions of each River Style are provided in Appendix 1. The dichotomous key for the River Styles in the Lachlan Valley is in Appendix 2. A spreadsheet of the map statistics is in Appendix 3. The River Style, condition and recovery potential maps are in Appendix 4. The long profiles of four rivers are in Appendix 5. A map of the ground truth points is in Appendix 6. The GIS map, lithology source calibre map and ground truth data are provided on a disk in Appendix 7. Potential reference reaches are listed in Appendix 8.
River Styles Mapping and Assessment Methods
The River Styles mapping and assessment of the Lachlan valley was done in accordance with the framework as described in the book by Brierley and Fyrirs (2005). The River Styles framework is a standardised scale-independent assessment of fluvial geomorphic characteristics. It is being used throughout New South Wales. Style, condition and recovery potential are determined separately for homogeneous reaches as described briefly below. Please see the book by Brierley and Fyrirs (2005) for further details.
River Style

River Style is a label for a stream reach geomorphic type determined by observing the fluvial geomorphic characteristics of homogeneous reaches, regardless of their length. Only the characteristics related to geomorphic change processes need to be observed. These are such things as the continuity of floodplains, the location of valley margins that control lateral channel movement and indicators of geomorphic change. Next, either a standard tree diagram or a dichotomous key that includes all the process-related fluvial geomorphic characteristics likely to be found is used to categorise each reach and give it a standard label called a River Style. A reach that doesn’t fit the tree diagram or key is given a new name. 
Style-Specific Identification Notes:

Some valley fills at high elevations (>850 m) may be peat swamps.

Smaller weirs and farm dams were not separated out to the Water Storage category. The upstream backwater limits of larger weir and dam pools were only roughly estimated so they should not be used to measure the full extent of such pools.
Some reaches of Bedrock Controlled Style are places where a Terrace Gorge has widened enough to allow the deposition of small floodplains on inside bends. The terraces are effectively the valley margins.

The terraces either side of Terrace Gorge may be composed of footslope colluvium.

Channelised peat swamp is indicated by narrow slot channels with frequent bulges like a string of beads.

Cut and Fill includes frequently-alternating short (< 500 m) reaches of Valley Fill and Channelized Fill. Where such reaches are longer than 500 m or contain headcuts, they are mapped as the separate Styles. Some good condition fill sections may have short Chain of Ponds.
The valley margins for the Valley Fill, Channelised Fill and Cut and Fill reaches in lowland areas are usually palaeochannel banks. These are reaches where streams with small discharges flow along large palaeochannels of the Lachlan River. Such streams are known as ‘underfit’ streams. 
The Anabranching Style has alternating Meandering Fine Grained and Bank Confined Fine Grained reaches with occasional terrace planform controls.

Condition

Condition of a reach is determined by observing indicators of geomorphic change in the reach (Brierley and Fyrirs, 2005). These are called geoindicators. Examples common in the Lachlan Valley are headcuts, bank slumping, hanging tributaries, prior bed levels, avulsions, floodplain stripping and sediment slugs. These geoindicators are compared to the ones observed at actual reference reaches for the relevant River Style, if available. The NSW Office of Water maintains a database of reference reaches for each River Style (Outhet and Young, 2002). However, some Styles have no actual reference reach. In these cases, an ‘expected’ reference is used that assumes an intact good condition reach has no geoindicators of accelerated change (Brierley and Fyrirs 2005). For example, some bank erosion is expected on a River Style that has lateral migration such as the Meandering Sand Style. Meander scars on the floodplains of this Style indicate that slow lateral migration occurs naturally. However, accelerated erosion would be indicated by the presence of outside bends completely bare of any vegetation, large recent slumps and many bend cutoffs. Moderate condition has one major geoindicator. Poor condition has two or more major geoindicators of accelerated change. 
Style-Specific Condition Notes

Headwater reaches are generally all bedrock and are assumed to be in good condition but they may have occasional erosion of footslope colluvium.

Valley Fill good has no indicators of channels, scour holes or livestock tracks.

Valley Fill moderate has a few discontinuous channels or scour holes and/or livestock tracks.

Valley Fill poor has continuous channels up to 200 m long.

Channelised Fill good has a shallow (1 m or less) swampy channel with no bank erosion.

Channelised Fill moderate has a deeper (>1 m) swampy channel with occasional bed incision and bank erosion.

Channelised Fill poor has a deep channel with no swamp and with continuous bank erosion. Often headcuts.
Terrace Gorge good has side-slopes completely covered with vegetation.

Terrace Gorge moderate has occasional bare side slopes.

Terrace Gorge poor has continuously bare side slopes.

Recovery Potential
Recovery potential is ideally determined for each moderate or poor condition reach by observing the extent of degradation and assessing what factors are limiting the recovery of the reach back to a good condition (Brierley and Fyrirs, 2005). For example, a poor condition incised reach of the Channelised Fill Style would require a large sediment influx from upstream to refill the incised channel. Such an influx is not generally possible due to erosion controls and farm dams (sediment traps) upstream. Therefore, the recovery potential would be rated as low. In contrast, consider a moderate condition reach of the Anabranching River Style with minor accelerated bank erosion due to a lack of bank vegetation due to grazing pressure. The condition of the reach would quickly return to good if the grazing pressure were to be eliminated because the flow energy in the Anabranching Style is very low and the banks are composed of loamy soil that can support fast regrowth of protective vegetation. The recovery potential would be rated as high. 
This recovery potential assessment procedure was done for several reaches of each River Style in the Lachlan Valley at the start of the mapping work. It was soon found that the recovery potential ratings were the same for each Style in each condition, depending on the fragility of the Style. Fragility is a relative measure of the extent and rate of geomorphic response to natural degrading pressures such as major floods and artificial degrading pressures such as bank grazing. A Headwater reach has low fragility because it is all bedrock so there is no response to large floods or vegetation clearing. It is ‘unbreakable’. In contrast, a Chain of Ponds reach has high fragility because it is composed of highly erodible material protected only by vegetation. It quickly becomes extensively incised, especially in the depression between ponds, if the vegetation cover is damaged in any way. Accordingly, the assessment of recovery potential is greatly facilitated by a Table 1 of River Style vs fragility vs condition.
Reaches with headcuts free to progess upstream were labelled with a ‘Strategic’ recovery potential. The headcuts were observed to be progressing upstream into reaches of Valley Fill, Chain of Ponds, Floodout, Channelised Fill or Cut and Fill in good or moderate condition. They were not marked as strategic where bedrock or a structure had stopped the upstream progression, such as a farm dam, flume or culvert. However, some headcuts were in the process of bypassing structures so these were marked as strategic as well.


[image: image1.emf]Recovery 

Potential

River Style FragilityCondition

Moderate Poor

Confined Valley Setting - Continuous Channel

Headwater L NA NA

Gorge L NA NA

Terrace Gorge L H M

Floodplain Pockets, sand M M L

Floodplain Pockets, gravel L H M

Swampy Meadow Group

Valley Fill, fine grained H L L

Valley Fill, sand H L L

Chain of Ponds H L L

Lowland Chain of Ponds H L L

Cut and Fill H L L

Floodout M M L

Confined Valley Setting - Terminating

Sinking L H M

Partly Confined Valley Setting - Continuous Channel

Bedrock Controlled, gravel L H M

Bedrock Controlled, sand M M L

Bedrock Controlled, fine grained M M L

Planform Controlled Low Sinuosity Fine Grained L H M

Planform controlled low sinuosity sand H L L

Planform Controlled, low sinuosity gravel M M L

Planform Controlled, meandering, gravel M M L

Planform Controlled, meandering, fine grained L H M

Planform Controlled, meandering, sand H L L

Unconfined Valley Setting - Continous Channel

Low Sinuosity, gravel M M L

Low Sinuosity, sand H L L

Meandering, gravel M M L

Meandering, sand H L L

Meandering, fine grained L H M

Channelised Fill H L L

Anabranching L H M

Anabranching gravel M M L

Bank Confined, sand L H M

Bank Confined gravel L H M

Bank Confined, fine grained L H M

Channelised Peat Swamp H L L

Unconfined Valley Setting - Discontinuous Channels

Lake Delta L H M

Variable Lake Delta L H M


Table 1. Fragility/condition/recovery potential of each River Style in the Lachlan Valley. H=High, M=Moderate, L=Low. Good condition reaches are assumed to be ‘Conservation’. Strategic reaches were identified individually (reaches with headcutting).
Mapping

The River Styles mapping was done mainly from stereo digital aerial photography produced in 2008/2009 by the Land and Property Management Authority in Bathurst, NSW. It is known as “ADS40 50 cm L1 stereo strips”. The data are produced for 100,000 scale map sheets at a time. The resolution of the imagery is 50 cm which proved adequate for the River Styles mapping purpose. The imagery was viewed in stereo using a Planar viewer display system for computers. All of the image interpretation was done by Dr David Outhet.

Table 2 lists the 100,000 map sheets where no ADS40 imagery was available at the time of the project. SPOT imagery was used instead. So the image interpretation was done without the benefit of stereo view. Accordingly, the reliability of the interpretation is less than for the other areas of the Lachlan valley.

	100,000 map sheet name
	Creeks

	Boona Mount
	Murda

	Tullamore
	Gillenbine, Blowclear

	Ginoono
	Eremaran

	Kilparney
	Eremaran, Burthong, Marobee

	Lachlan Downs
	Thule

	Kilfera
	West end of Willandra

	Culpatara
	Umbrella, downstream end of Merrowie

	Oxley
	Merrimajeel

	Muckerumba
	Parts of Box and Merrowie


Table 2. Map sheets and creeks where SPOT imagery was used instead of stereo ADS40 50 cm digital aerial photography for the River Styles mapping.

All of the lower Lachlan River was mapped using ADS40 imagery. A special series of flights was undertaken in November 2009 when the Lachlan River ceased to flow below Condobolin. These flights included parts of the river not covered by the regular 100,000 map sheet ADS40 coverage.

The project specification for the extent of the Lachlan River Styles map was for all named streams plus all 3rd order streams (named or unnamed). It was also specified that those streams were to be mapped to the furthest upstream end of one main tributary, producing a ‘sample’ of the 2nd and 1st order streams. It was found that the stream line layer used for the mapping had been ‘generalised’ with small bends ignored. In addition, recent diversions and avulsions were not mapped so some of the stream lines may be up to 200 m from the actual stream location.

For the resolution specification, reaches of a different Style less than 200 m long would not be separated from the prevalent Style of the overall reach. For example, Headwater may include short reaches of: Valley Fill, Terrace Gorge, Gorge, Channelised Fill, Floodplain Pockets.

Upstream ends of 1st order streams were deleted if there was no stream visible.

The streams not included in this project were artificial drain channels, flood channels/runners, water supply channels/canals and drainage depressions/swales. In addition, lakes and abandoned palaeochannels were not included.

Ground Truth

Appendix 6 shows the location of the ground truth points. The total number of points is 685. The data in electronic form as GIS layers are in Appendix 7.
	Name
	Date
	Number
	By

	QP1017
	27.6.11
	42
	David Outhet and Fin Martin

	QP1148
	7.2.11
	18
	David Outhet and Fin Martin

	QP1456
	6.2.11
	45
	David Outhet and Fin Martin

	Site
	1995
	472
	Massey and field teams (1998)

	Mandur
	27-29.7.10
	36
	David Outhet and Patrick Driver

	Gool
	27-29.7.10
	5
	David Outhet and Patrick Driver

	Carcoar
	27-29.7.10
	33
	David Outhet and Patrick Driver

	Canow
	27-29.7.10
	34
	David Outhet and Patrick Driver


Table 3. Ground truth data.
All the ground truth points have data on bed material and River Style except for ‘Site’ which is bed material only. Except for ‘Site’, each point has photographs that were used to help determine condition. The ‘Site’ points were taken from ‘Sheet 6’, one of the data sheets used in a large field survey by Massey (1998). The bed material particle size data from Sheet 6 were not mentioned in the report. Accordingly, the original data sheet archive folders had to be retrieved and intepreted. 

See Appendix 6 for a map of all the ground truth sites and Appendix 7 for the data and image files.

In addition, continuous bed material ground truth data are available for: Abercrombie River, Upper Lachlan River, Crookwell River, Pudmans Ck, Blakney Ck, Bolong Ck, Retreat River. This is named the ‘substrate projected’ data set (Gilligan et al, 2010).

Using Lithology Data to Determine Likely Bed Material Calibre

In the eastern half of the catchment, the stream beds in many places were covered with vegetation at the time of the aerial photography. This is likely due to a lack of high flushing flows in the years prior to the aerial photography. For this reason, the bed material sub-Style could not be determined by interpretation of the aerial photography. In some places, the ground truth data were used for the determination. However, many other places had no such data. Accordingly, another method for determining bed material calibre had to be used.

The calibre of the bed material in a stream at any one location is related to the lithology of eroding sources, the length of eroding banks and/or bed along the sources, the distance from the sources and the slope of the stream from the sources. Lachlan Valley lithology descriptions were obtained from the NSW geology GIS layer named on the Enterprise Database as ‘NATRES.NSWGeologyDI’. Dr Trevor Mount, a highly experienced field mapping geologist in the NSW Office of Water, then classified each lithology description into one of 4 source calibre classes: cobble, gravel, sand or fines. These 4 classes were substituted for the lithology polygons in the geology GIS layer of the Lachlan. This new map (see Appendix 4) was used as a guide to help determine the bed material sub-Style for many reaches. For example, a reach with a short distance from gravel sources and steep stream slopes along which gravel could be transported is likely to have a gravel bed.

Results
Catchment-Wide
Lachlan catchment headwater streams in the Great Dividing Range start as high as an elevation of 1100 m. The Lachlan River runs for 1,430 km from mountains in the east down to an elevation of 70 m in the west where it enters the Murrumbidgee River after passing through the Great Cumbung Swamp. Long profiles have been plotted for the Lachlan, Abercrombie, Belubula and Crookwell Rivers (appendix 5). River Style reach boundaries occur at most of the significant changes in slope on these long profiles.

The mountainous upland eastern portion of the Lachlan Valley has high enough rainfall to support forest and to create a relatively dense stream network. The central hilly part of the valley is drier with open woodland and a moderate stream network density. The downstream low relief end of the valley is semi-arid with grasslands and a sparse stream network. In this area, many of the named streams terminate in farm dams. Others terminate by channel breakdown in a floodout. Some of these floodouts are onto a terrace, some onto the floodplain of the Lachlan River and some into swamps in palaeochannels. A few streams terminate in ephemeral lakes (eg Lake Cowal). 
The riparian zone of all the streams in the valley is naturally treed with various Eucalypt and Casuarina species, except for the reaches that have swampy meadows. However, many riparian zones on streams in the grazing and cropping areas of the valley have been completely cleared of trees and shrubs.

The upstream end of the Lachlan River is interesting. The topographic map shows that the name Lachlan River starts in what appears to be a former (now drained) lake basin at a property called ‘Mutmutbilly’ near Breadalbane (149.44 deg E, 34.769 deg S). There are reaches of Chain of Ponds and Channelised Fill in the bottom of the basin. The main stream entering the upstream end of the basin is named Hannans Creek. This creek and its tributaries flow discontinuously through several other dry lake basins before reaching the basin at ‘Mutmutbilly’. The catchment of Hannans Creek extends to the Great Dividing Range just north of Lake George. The most distant tributary is Carneys Creek which starts at an elevation of 920 m at 149.541 deg E, 34.986 deg S. This is approximately 30 km from where the Lachlan River (as a name) starts at ‘Mutmutbilly’.
The lower portion of the Lachlan River has a 130 km long anabranching zone between ‘Cadow’ and ‘Ulambong’. Downstream of the anabranching zone, the Lachlan River enters a very large 220 km long alluvial fan with many distributaries. The upstream end (apex) of the fan is at the offtake of the first distributary, Willandra Creek, at ‘Mt Waabalong’.
A large irrigation supply reservoir, Wyangala, is situated on the Lachlan River upstream of Cowra. This reservoir is large enough to trap all of the coarse sediments carried into it, changing the active stream bed sediments from gravel upstream of the reservoir to sand and fines downstream. Due to the highly variable water levels in Wyangala, the incoming sediment is not deposited in a delta but is distributed along the whole length of the reservoir (Outhet, 1991).There is a medium size reservoir, Carcoar, on the Belubula River upstream of Carcoar. There are also many weirs on the Lachlan River, several town water supply reservoirs on larger streams and thousands of farm dams/weirs on smaller streams. Even though the smaller farm dams were not included, the total length of water storage dam and weir pool reaches in the valley is 543 km.

The long length (1222 km) of Bank Confined Styles in the Lachlan Valley is interesting. Much of the lower Lachlan River has this Style which has no bank erosion and therefore no lateral channel migration. This is attributed by Kemp (2004) to the very cohesive nature of the Lachlan River’s bank sediments combined with the ‘quiet’ low energy of bankfull flows. The channel is locked in place, even where the vegetation at the toe of banks has been destroyed by submergence by summer-long flow releases from Wyangala Dam.

Downstream and Time Sequences of River Styles

The streams in the Lachlan Valley have different sequences of River Styles depending on the extent of damage or degradation of the individual reaches. Of course, the longer the stream the longer the sequence of Styles. As described in Brierley and Fyrirs (2005), a reach can change to a different Style if it is subjected to enough degrading pressure to exceed the threshold for major change. Although further research is required to confirm, the stereo digital aerial photography seemed to indicate the following River Style changes in the Lachlan Valley:
Valley Fill degrades by incision to Channelised Fill which further degrades to Terrace Gorge when the former fill surface becomes a terrace.

Terrace Gorge over time widens enough to cause the deposition of small inside bend floodplain surfaces, changing the River Style to Bedrock Controlled.

Floodplain Pockets degrades to Gorge or Headwater when the floodplain pockets are flushed out, leaving only a bedrock channel.

Chain of Ponds (including Lowland Chain of Ponds) degrades to Cut and Fill which degrades to Channelised Fill then to Terrace Gorge as the spaces between the ponds become incised and expanded.

The ‘undamaged’ downstream sequence of River Styles is: Headwater, Valley Fill, Chain of Ponds, Cut and Fill, Gorge, Floodplain Pockets, Bedrock Controlled, Planform Controlled, Bank Confined, Anabranching, Meandering Fine Grained, Floodout.

The ‘damaged’ downstream sequence is: Headwater, Terrace Gorge, Bedrock Controlled, Channelised Fill, Gorge, then similar to the undamaged sequence for the rest of the downstream extent (no evidence of Style change on Bedrock Controlled, Planform Controlled, Bank Confined, Anabranching, Meandering Fine Grained, Floodout).

Many palaeochannels of the Lachlan River are occupied by small underfit streams. Due to minor flows spreading out over a wide bed, shear force is too low to transport the stream’s own sediment load in addition to sediment influx from Lachlan River flood events. As a result, sediment is deposited as a flat-surfaced fill between the palaeochannel banks that have become, effectively, ‘valley margins’. Accordingly, there is a River Style time sequence for palaeochannels. After they are abandoned by the Lachlan River, either naturally or forced by artificial control structures at offtakes, the greatly reduced flow and the start of the sediment deposition creates a chain of long ponds separated by short sediment slugs, making the Lowland Chain of Ponds Style. As the sedimentation extends, the pools become narrow flow channels and the sediment slugs become long flat fans of fill, making the Cut and Fill Style. Next, the flow channels fill with sediment, producing continuous fill and the Valley Fill Fine Grained Style. Eventually the palaeochannel becomes completely filled with sediment to the top of its banks, making the Floodout Style. Palaeochannels at all the stages in this sequence can be seen in the western part of the valley downstream of the Willandra Creek offtake from the Lachlan River at Mt Waabalong. There are only two palaeochannels where the occupying creeks appear to be capable of transporting all of the sediment influx, preventing the above-mentioned filling sequence. These are the downstream ends of Goobang and Yarrabandai Creeks.
New River Style

A new River Style found in the Lachlan Valley was Bank Confined Gravel. It was found on the Belubula River downstream of Canowindra. This Style has a single, very regular, deep, narrow, gravel-bed channel with a wide, continuous, flat-topped floodplain on each side that has no geomorphic evidence of any lateral channel movement. All banks are steep, including those on inside bends. The gravel bed gives a pool and riffle sequence that makes it different from the Bank Confined Fine Grained and Bank Confined Sand Styles. See Appendix 1 for further details.
Statistics

A total of 18,164 km of reaches were assessed in this project. The Lachlan Valley streams are geomorphically diverse with a total of 37 River Styles found there, not including water storages, weir pools or urban streams. The full data summary on River Style, condition and recovery potential is provided in Appendix 3. These data are graphically summarised in the following 3 Figures. The GIS database is provided in Appendix 7 so that it can be queried for any specific statistics required by the user.
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Figure 1. The relative abundance of each River Style in the Lachlan Valley.
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Figure 2. The geomorphic condition of all assessed reaches in the Lachlan Valley.
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Figure 3. The management action and geomorphic recovery potential of all assessed reaches.

As can be seen in Figure 1, the Styles with the longest total length of reaches are Headwater, Cut and Fill and Channelised Fill. The rarest Style is Sinking (disappears underground in Karst areas). Relative to reference reaches for each Style, only 17 % of the total mapped reach length is in poor geomorphic condition. 35% is in moderate condition and 45% is in good condition. The good condition reaches only require conservation maintenance. A total of 261 km of reaches have active headcutting, mostly into swampy meadow group Styles, and therefore require strategic management activities. The moderate and poor condition reaches have various recovery potentials, depending on their fragility and sediment availability for recovery. Of the total mapped reach length, 15 % has a high recovery potential, 16 % moderate and 20 % low.
Sediment Yield
The River Styles that can produce large amounts of sediment are the moderate and poor condition reaches of Floodplain Pockets (1097 km), Channelised Fill (1840 km) and Terrace Gorge (892 km) Styles. The total length of assessed reaches of those Styles in the valley is 3829 km. Cut and Fill reaches in moderate and poor condition can produce large amounts of sediment in the ‘cut’ segments but the yield is low over the short term due to the deposition of the sediment in the ‘fill’ segments. However, over a long period of time in the poor condition, the fill segments can all be incised, changing the Style to Channelised Fill. If the poor condition reaches of Cut and Fill are added to the total of the other high yield Styles, the ‘worst case scenario’ total is 4208 km of high sediment yield reaches. Such reaches may be producing the sand slugs in the Lachlan River upstream of Wyangala Reservoir where they are reducing the condition of the gravel-bed reaches from good to moderate.
Wetland River Styles
Swampy Meadows
Swampy meadows (as defined by Mctaggart et al, 2008) in the Lachlan valley are generally tussock grass swamps with no bodies of open water.

The following River Styles have swampy meadows if there is adequate water inflow:

Swampy Meadow Group:

Valley Fill (including short term swampy meadow on sand and gravel sub-Styles): 1023 km.
Chain of Ponds: 42 km
Lowland Chain of Ponds: 82 km
Cut and Fill (fill reaches only, average of 50% of length): 1080 km
Floodout: 1549 km
Others:

Channelised Fill (good condition only): 179 km.
Channelised Peat Swamp (good and moderate condition only): 48 km.
Total of all reaches likely to have swampy meadow wetlands if water inflow is adequate: 4003 km.

Some of the lowland palaeochannel reaches of Valley Fill, Channelised Fill and Cut and Fill River Styles appeared to have complete coverage of the fill surface by reeds or some other swamp vegetation. Most, however, appeared to have no vegetation cover on the digital aerial photography. The same situation applied for the lowland Floodout reaches. This was likely due to inadequate water inflow due to the drought conditions at the time of the digital aerial photography (2007, 2008). The Lachlan River ceased to flow below Condobolin in late 2009.
In-Channel Wetlands

In-channel pools or chains of ponds usually become wetlands if they are stable in location and if adequate water inflow maintains their extent and depth for long periods, even after floods. They become bordered by wetland vegetation such as reeds. Some long-term pools are eventually covered by reeds and become ‘reed beds’.

Most good condition River Styles can have in-channel wetlands if there is adequate water inflow. However, the following River Styles in the Lachlan valley do not normally have long-term pools with stable locations due to a lack of channels, due to alluvial beds that have no pools or due to very dynamic short-term pool locations:

Valley Fill
Terrace Gorge

Low Sinuosity (Gravel or Sand)

Planform Controlled Low Sinuosity (Cobble, Gravel or Sand)

Floodplain Pockets
Total of all reaches likely to have in-channel wetlands if water inflow is adequate: 13,252 km.

Floodplain Wetlands

Floodplain wetlands (floodplain pools/ponds/lakes/swamps) can occur where there is some type of depression and an adequate long-term water supply. They can be any scale and can occupy flood channels, abandoned channels (palaeochannels), cutoff bends, chute channels, swales between ridges and scour holes. Most of these are commonly called billabongs in Australia. Most River Styles with floodplains have billabongs, even when in poor geomorphic condition if water inflow is adequate. The River Styles with no floodplain wetlands are:

Confined Valley Setting River Styles
Bedrock Controlled
Water Storage

Total of all reaches likely to have floodplain wetlands if water inflow is adequate: 9800 km.
Total of all reaches likely to have one or more of the above wetland types if water inflow is adequate (total of all reaches less the Terrace Gorge and Floodplain Pockets reaches): 15,296 km. This is the ‘best case scenario’ for extended high rainfall periods in the Lachlan Valley.
Interesting Fluvial Geomorphology Features in the Lachlan Valley
	Feature
	Stream
	Latitude
(decimal deg)
	Longitude
(decimal deg)

	Start of the Lachlan River (as a name) in a long chain of ponds in a drained lake basin
	Lachlan River at Mutmutbilly
	-34.758
	149.431

	Sinking stream goes underground
	Grove Creek
	-33.911
	149.360

	Abandoned farmhouse surrounded by a fully recovered Valley Fill, no tracks
	Unnamed
	-34.853
	149.175

	Upstream end of an ancient 10 m high terrace on the Lachlan R where it leaves the mountains
	Lachlan River
	-33.941
	148.819

	Upstream end of an ancient 8 m high terrace on the Belubula R where it leaves the mountains
	Belubula River
	-33.578
	148.845

	Upstream end (apex) of the giant contemporary alluvial fan where the first diverging stream leaves the Lachlan River (Willandra Creek).
	Lachlan River at Mt Waabalong
	-33.35
	145.875

	Very large abandoned palaeochannel on a terrace (much larger than the contemporary Lachlan R)
	Adjacent to Willandra Ck
	-33.206
	144.92

	Very large abandoned palaeochannel (much larger than the contemporary Lachlan R)
	West of Booberoi Ck anabranch
	-33.117
	146.288

	Large farm dam on a 5th order stream trapping sediment to prevent recovery of Channelised Fill reach downstream
	Duck Ck
	-34.147
	147.56

	A long Valley Fill reach invaded by willows
	Wattle Ck
	-33.22
	148.86

	A long Channelised Peat Swamp in good condition
	Unnamed
	-33.949
	149.777

	Boulder bed control structure 
	Grahams Ck
	-34.136
	148.965

	Confluence Wetland
	Unnamed trib to Narrallen Ck
	-34.165
	148.794

	Variable Lake Delta
	Kentgrove Ck
	-34.422
	149.474

	Sand splay from a flood over a Valley Fill Sand
	Meglo Ck
	-34.081
	149.304

	High unmapped waterfall 
	Unnamed
	-34.091
	149.061

	Large headcutting scars on the terrace of a Terrace Gorge
	Biala Ck
	-34.597
	149.256

	Former Terrace Gorge widened to Bedrock Controlled Fine Grained good with wetland pond in channel
	McHenrys Ck
	-34.256
	148.297

	Valley Fill Fine Grained in a palaeochannel
	Ooma Ck
	-33.56
	147.877

	Headcuts starting to bypass contour bank and dam
	Mackays Ck
	-34.55
	148.668

	A bend cutoff to happen soon
	Lachlan R
	-33.23
	146.222

	Scalloped banks and variable width from bank slumping (due to regulated flow?)
	Lachlan R at Willandra Weir
	-33.361
	145.889

	Terrace grading smoothly down to floodplain as shown by red to gray bare soil
	Lachlan R at Hillston Weir
	-33.489
	145.506

	Sand dune encroaching on a palaeochannel (with Cut and Fill stream in it)
	Merrowie Ck
	-33.5
	145.158

	Narrow chain of ponds in forest
	Gulf Ck
	-33.063
	148.488

	A large dam full of sediment
	Bang Bang Ck
	-34.054
	148.593


Table 4. The interesting fluvial geomorphic features that were observed during the stereo digital aerial photography interpretation. See Appendix 7 for Powerpoint slides of some of these features.
Reference Reaches

A total of 8186 km of good condition reaches were found in the Lachlan Valley. Any of these have potential to be used as reference reaches. However, before a reach can be adopted as a reference reach, field inspection is required to identify any small features that may indicate recent accelerated geomorphic change such as riffle incision or land use activities that may soon have an effect (eg livestock trampling of banks). In addition, land owners need to be asked if they plan any activities that may affect their reach in the near future such as increased grazing, tree clearing or weir construction.
A few reaches that appeared on the stereo digital aerial photography to be potential good reference reaches are listed in Appendix 8. See Appendix 7 for Powerpoint slides of potential reference reaches.
Recommendations
It is recommended that those areas not covered by ADS40 imagery at the time of this project (Table 2) be reassessed when the ADS40 data becomes available.

It is recommended that this report be peer reviewed by Dr Kirstie Fryirs, Macquarie University for any of her suggested changes before this report is published.
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Appendices
Appendix 1. River Style Descriptions

Appendix 2. Dichotomous key for River Styles.
Appendix 3. Map statistics (Excel).

Appendix 4. Maps

1. Style – upper, middle, lower
2. Condition – upper, middle, lower
3. Recovery Potential– upper, middle, lower
4. Lithology categorisation for stream bed sediment calibre

Appendix 5. Long Profiles (Excel)

a. Lachlan
b. Abercrombie
c. Belubula
d. Crookwell Rivers 
Appendix 6. Map of ground truth points.

Appendix 7. (In pocket) Disk containing data:

1. River Style GIS Database containing:

a. River Style

b. Condition

c. Recovery Potential

d. Fragility

2. Ground Truth Points (8 layers)

3. Photographs for ground truth points.

4. Substrate Survey (‘substrate projected’) Gilligan et al, 2010.
5. Lithology classified for sediment source calibre (T. Mount)
6. Powerpoint for potential reference reaches

7. Powerpoint for interesting features

8. Powerpoint for River Style examples

Appendix 8. Potential Reference Reach List
* Strategic reaches have active headcutting
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Sheet1

		Lachlan River Style Recovery Potential

		unless otherwise labelled in attribute table

						Recovery Potential

		River Style		Fragility		Condition

						Moderate		Poor

		Confined Valley Setting - Continuous Channel

		Headwater		L		NA		NA

		Gorge		L		NA		NA

		Terrace Gorge		L		H		M

		Floodplain Pockets, sand		M		M		L

		Floodplain Pockets, gravel		L		H		M

		Swampy Meadow Group

		Valley Fill, fine grained		H		L		L

		Valley Fill, sand		H		L		L

		Chain of Ponds		H		L		L

		Lowland Chain of Ponds		H		L		L

		Cut and Fill		H		L		L

		Floodout		M		M		L

		Confined Valley Setting - Terminating

		Sinking		L		H		M

		Partly Confined Valley Setting - Continuous Channel

		Bedrock Controlled, gravel		L		H		M

		Bedrock Controlled, sand		M		M		L

		Bedrock Controlled, fine grained		M		M		L

		Planform Controlled Low Sinuosity Fine Grained		L		H		M

		Planform controlled low sinuosity sand		H		L		L

		Planform Controlled, low sinuosity gravel		M		M		L

		Planform Controlled, meandering, gravel		M		M		L

		Planform Controlled, meandering, fine grained		L		H		M

		Planform Controlled, meandering, sand		H		L		L

		Unconfined Valley Setting - Continous Channel

		Low Sinuosity, gravel		M		M		L

		Low Sinuosity, sand		H		L		L

		Meandering, gravel		M		M		L

		Meandering, sand		H		L		L

		Meandering, fine grained		L		H		M

		Channelised Fill		H		L		L

		Anabranching		L		H		M

		Anabranching gravel		M		M		L

		Bank Confined, sand		L		H		M

		Bank Confined gravel		L		H		M

		Bank Confined, fine grained		L		H		M

		Channelised Peat Swamp		H		L		L

		Unconfined Valley Setting - Discontinuous Channels

		Lake Delta		L		H		M

		Variable Lake Delta		L		H		M

		Confluence Wetland		H		L		L






