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SUMMARY

Increased economic pressure is causing many Tasmanian farmers to take up new
agricultural enterprises. For many farmers this has meant a change away from
traditional grazing enterprises to more intensive crop production, often involving
irrigated cropping and the use of centre pivot irrigators. However, development appears
to be proceeding with only limited consideration of the potential impact of that change
on the environment and the longer term sustainability of the change.

This investigation of the Coal River Valley forms part of a much larger project to
investigate the impacts of land use change on resource condition in some of the drier
(<800 mm/yr rainfall ) areas of Tasmania. Specifically, the aims of the project were to:

e investigate the potential impact of land use change on resource condition in less than
800 mm/yr rainfall areas of Tasmania;

e provide relevant resource information to land managers to assist with informed land
use decision making;

e where hazards are identified, develop and encourage the adoption of "Best
Management Practice" guidelines to minimise resource degradation.

These aims were to be achieved though a range of on-ground activities. A major part of
the study was the assessment of salinity across 4500 ha using an EM31 instrument.
Other investigations included soil survey activities to fill in some of the gaps in current
soil information, and an assessment of the impact of land use change on key soil
physical characteristics that may provide an indication of overall soil health or
susceptibility to degradation.

e The EM31 survey identified about 20% of the study area as falling within the
moderate or high salinity category, with almost all this in the moderate category.
This information is supported by soil analysis and groundwater conductivity
measurement.

e EC;.;s results of soil samples taken down soil profiles indicate that many of the soils
in the valley have a distinct salt bulge at 75-150 cm. This bulge probably represents
a state of equilibrium between the flushing affect of precipitation and capillary rise
driven by evaporation. The accumulation of salt at 75 cm is well within reach of
many crops and may already be impacting on productivity in some areas.

e Of the 36 bores drilled across the study area 16 intersected a ground water table. Of
these, six bores had ground water levels within 2 m of the ground surface, a depth
considered critical as above this depth the opportunity for capillary rise of salt
contaminated water to reach the root zone is greater, with probable adverse impacts
on crop development and yield.

e Depth to groundwater showed some seasonal fluctuation and no apparent response
to current irrigation.

o Fifteen of the sixteen bores recorded water conductivity (Ecw) greater than 0.8 dS/m
(ie at least high salinity class, Stackhouse, 1984). The majority of the bores fall



within the very high salinity category (2.3-5.5 dS/m). One bore, CRMB 13
consistently recorded salinity in excess of 20 dS/m.

e Measurement of the conductivity of water stored in several dams, including one
used for irrigation, identified greater seasonal fluctuations in salt load but typically
all dams fell within the high salinity category.

e Investigations of salt in rainfall suggest 60-100 kg/ha/ of salt is derived from rainfall
annually. This figure differs significantly from that identified by Dell (2000). The
reasons for this have not been investigated but could simply be a result of natural
variation in seasonal rainfall and salt concentration.

It should be noted that the EM survey undertaken as part of this study should be
considered to be at a reconnaissance level only. The interpretation of the EM data, and
the maps that have resulted, are an indication of the extent and severity of salinity in the
Coal River Valley and should not be taken as a precise evaluation of salt storage in the
area. The understanding and interpretation of EM data continues to evolve and land
managers should consider more detailed investigations, utilising the most uptodate
understanding, to enable more informed land management decision making.

EM investigations within the Coal River Valley indicate that there is clearly a salinity
hazard in the area. There is no evidence to indicate that current irrigation practices are
leading to recharge of ground water systems and a corresponding decrease in depth to
groundwater (thereby increasing the potential risk of salinity impacting on crop
productivity). Perhaps a greater risk to the development of salinity in the valley is the
use of mediocre to poor quality irrigation water. Given the high evaporation rates in the
valley, and the practice of deficit irrigation, further work needs to be done on the
leaching effect of rainfall and irrigation.

As well, the existence of a salinity hazard in the valley should prompt farmers to be
more salinity aware and to regularly monitor depth to groundwater and ground water
quality. They should also keep a closer check on the amount of irrigation applied, on a
paddock by paddock basis, and the quality of that water. Such information is invaluable
for identifying longer term trends in groundwater movement and salt storage.

Soil investigations undertaken as part of this study have identified extensive areas of
sodic soils. The presence of sodicity in soils has significant implications for soil
structure, surface crusting and seedling emergence. Higher levels of sodium typically
occur within the subsoil and deep cultivation of these sodic soils needs to be undertaken
with care to ensure that dispersive, sodium rich subsoils are not brought to the surface
where the greatest damage to soil structure can occur. Specific soil types at risk include
Riversdale, Coal, Strelley, Carrington, Nugent, Southfork, Enfield, Daisy and Trs1.

A number of investigations to assess soil physical condition were undertaken on two
intensively used soil types of the valley, Nugent and Basl. Based on initial
investigations there is little to suggest that increased intensive land use is leading to any
serious detrimental impacts on the soil. Further investigations are recommended on
other soils types and over a longer period of time in order to confirm these initial
results.
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The project has determined that current agricultural land use within the Coal River
Valley is probably not having a detrimental impact on depth to ground water or
groundwater quality. However, the short duration of the project makes it impossible to
identify long term trends. A significant salinity hazard was identified, particularly on
upper terrace levels, the presence of which highlights the need for an on-going
programme to monitor depth to ground water and groundwater quality on a regular and
long term basis. There is also a need for farmers to closely monitor irrigation amounts
and water quality. Only through the acquisition of good quality information will it be
possible to determine any long term trends in salinity in the valley. Even so, given what
little is currently known about salt storage in the soil and the quality of irrigation water
being used, it seems quite likely that some yield losses are being experienced. While
such losses may only be about 10%, this may represent a significant contribution to
gross margins for some growers.
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1. LAND DEGRADATION & SALINITY INVESTIGATION
IN THE COAL RIVER VALLEY

Increased economic pressure, together with the decline in the wool market, is causing
many Tasmanian farmers to take up new agricultural enterprises in order to give
themselves a degree of flexibility during fluctuations in the agricultural economy. For
many farmers this has meant a change away from traditional grazing enterprises to more
intensive crop production, often involving irrigated cropping. This change is also in part
driven by the government's stated intent to double the agricultural productivity of the
State by 2008, by improving access to irrigation water and encouraging the
development of the State's water resources. However, development appears to be
proceeding with only limited consideration of the potential impact of that change on the
environment and the longer term sustainability of the change. Many areas currently
moving to more intensive land use are known to have one or more significant hazards to
development, such as salinity, soil structure decline and wind erosion. The purpose of
this project was to:

e locate three spatially separate areas where land use change either is occurring or is
likely to occur,

e identify the potential hazards in each area, assess the level of risk imposed by the
change in land use on each hazard, and

e provide some tools to allow farmers to better assess their own risk and implement
management strategies to minimise that risk.

The Coal River Valley is one of the three project areas identified, the others being
Waterhouse in the north east and Tunbridge in central Tasmania. This report relates to
the Coal River study area. The Coal River Catchment Strategy acknowledges that
virtually all forms of land degradation are evident in the valley and that information on
soil and land issues is critical to the success of the strategy.

The presence of salt affected land in the valley is well known however the development
of irrigated agriculture, particularly stone fruit and viticulture, continues. Further
expansion of irrigated agriculture continues in the Coal River Valley and adjacent areas
but the potential impacts of such expansion on salinity, groundwater levels and other
forms of resource degradation are unknown and the processes leading to the
development of salinity in the valley remain largely unexplored (though investigations
outside the current area have been undertaken eg Todd 1998, Dell 2000). The
combination of known presence of hazards, high value assets at risk, potential for
further development and likelihood of increased irrigation, make the Coal River Valley
a prime area for consideration as part of this project. Consequently, farmers and land
owners in the valley were approached for permission to visit their properties in order to
map soils, install groundwater observation wells and undertake EM31 and EM38
assessments. The following chapters outline the work undertaken as part of this project
and the various findings and results.



1.1 Definition of Hazard and Risk

It is important to understand the differences between risk and hazard while reviewing
this report. The concepts of hazard and risk can cause considerable misunderstanding
and confusion. In the context of this report a hazard is defined as any event, process or
condition with the potential to cause undesirable consequences. The presence or absence
of a hazard in an area is unrelated to management or current land use. Risk, on the other
hand, is defined as the probability of a hazard occurring times the consequence of it
happening. Thus the degree of risk is directly linked with land use and management
practices. For example, the presence of a near surface saline groundwater table in an
area of native bush represents a salinity hazard. Under current environmental conditions
the groundwater table may be stable and thus the risk is low. However, if irrigation
introduced to the surrounding area were to lead to a decrease in depth to groundwater
then the risk increases as the potential for salt to impact on the root zone also increases.
If the native bush is cleared with the intent of laying down pasture then the risk level
increases again due to probable increased recharge resulting from the land clearing and
a more valuable asset being put at risk. If the land is converted to irrigated cropping
then the risk increases still further and, if the crop is of high value with high input
requirements the risk further escalates as the potential consequences become more
severe. Further discussion on hazard and risk is presented in Chapter 5.

1.2 The Study Area

The Coal River Valley lies in southern Tasmania to the north east of Hobart (Fig 1). The
project study area covers the central portion of the valley north from Richmond to the
property of Stockdale and includes the valley floor, benches and terraces and some
lower foot slope areas. The study area is some 16 km long by 3-5 km wide. With in the

Figure 1. The Coal River Valley is located in the south east of Tasmania.



study area the valley is a prominent landscape feature bounded to the east and west by
prominent dolerite hills. A large dam was built towards the head of the valley in 1986 to
service irrigation and agricultural production downstream. Further reference to the Coal
River Valley should be considered to relate to that part of the valley included within this
study unless otherwise indicated.

1.2.1 Climate

Tasmania is dominated by a temperate maritime climate in lowland and coastal areas
Davies 1988). The Coal River Valley lies in the southern part of the State to the north
east of Hobart and is bounded to the east and west by hill ranges. Bureau of
Meteorology data exist for a number of stations in or near the study area.

Table 1 sets out mean monthly rainfall for selected stations in and around the Coal
River Valley. The figures suggest a relatively even temporal and spatial rainfall
distribution. However, the figures vary considerably from year to year and in recent
years there has been significant seasonallity of rainfall with drier months occurring from
December to March. This is also the period of peak evapotranspiration and soil moisture
deficits increase significantly during this period unless soil moisture levels are
maintained with regular irrigation.

J | F| M| A | M]J]|J]A]S] O] N] D | Totl
Campania | 43.2 | 22.3 [36.3 | 354 | 22.7 [ 37.6 | 44.4 | 52.1 [ 39.3 [ 58.1 | 47.6 | 31.5 | 537.6
Lowlands | 44.1 | 38.6 | 383 | 42.0 | 37.5 | 38.9 | 40.8 | 41.7 | 37.0 | 51.8 | 44.1 | 54.8 | 506.3
Strathayr | 46.8 | 40.5 | 28.4 | 45.0 | 22.0 | 32.3 | 43.4 | 49.5 | 40.4 | 54.9 | 49.4 | 53.3 | 501.1
Tea Tree | 49.5 | 30.8 | 30.1 | 38.9 | 25.7 | 41.7 | 44.7 | 413 | 41.7 | 63.0 | 56.3 | 50.3 | 493.2
}AII‘;ba” 41.8 | 36.9 | 36.0 | 44.6 | 359 | 29.9 | 454 | 47.4 | 39.8 | 49.0 | 452 | 55.9 | 505.2

Table 1. Mean monthly precipitation (mm) for BoM stations in and around the Coal River Valley.
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Figure 2. Mean monthly evaporation and rainfall figures for Strathayr.



A comparison of the average monthly rainfall and evaporation from a standard BoM
pan for Strathayr, Skm south west of Richmond, clearly indicates the relative dryness of
the Coal River Valley with only a very short period through the winter when rainfall
exceeds evaporation (Fig.2). Average annual rainfall in the valley is around 500 mm
compared to potential evaporation levels of around 1300 mm per annum.

Limited information on temperatures is available from the automatic recording station at
Campania. Mean minimum temperatures range from just over 3.5 °C in August to
11.2 °C in February. Frosts are not uncommon during the winter and occasional late
season frosts cause significant damage to flowering stone fruit trees and vines.
Corresponding mean maximums are just under 14 °C to 25 °C although occasional daily
maxima exceeding 30 °C are not uncommon through the summer months. Hobart
airport, 20 km south of Richmond and on the coast reflects a slightly reduced range
(Table 2).

Station J F M A M J J A S (0) N D
Hobart AP

Mean Max 22312220207 18.1 151 128124133152 (172|119 11.0
Mean Min 119 112.0 | 10.7 |87 |65 |46 [40 [46 |60 |75 |90 |10.6
Campania

Mean Max 24.0 | 25.0 [ 23.1 1 20.0 | 159 | 14.1 | 13.7 | 14.1 | 16.5 | 17.2 | 19.9 | 22.1
Mean Min 109 11121101 |73 |54 |48 |38 |36 |56 |64 |88 |88

Table 2. Mean monthly maximum and minimum temperatures for Hobart Airport and Campania (°C)
1.2.2 Geology

The study area lies within the area defined by the Brighton 1:50 000 geology sheet
(Leaman, 1975). The valley contains extensive deposits of Tertiary and Quaternary
sediments. The Tertiary sediments are dominated by clays while those of Quaternary
age include fluviatile gravels, alluvial fan deposits, talus and aeolian cover sands. The
hill ranges that define the valley are dominantly of Jurassic Dolerite but structural
faulting has led to the exposure of a variety of Triassic sandstone assemblages,
particularly in the north eastern parts of the study area and in lower foot slope locations.
Doleritic colluvium mantles many lower slope areas and may in some instances cover
the Triassic sediments.

Remnants of a number of basaltic lava flows have been identified from Richmond to
north east of Campania, together with several small basaltic plugs, probably
representing the vents for larger flows. There have clearly been several periods of
volcanic activity separated by periods of sediment accumulation. On the east bank of the
Coal River, below the Catholic Church and cemetery on the northern side of Richmond,
basalt outcrop can be seen to overlie what appears to be a soil profile developed in
Tertiary sediments.

Quaternary sediments appear in a complex pattern throughout the valley. The youngest
sediments occur on the current alluvial plain of the Coal River. A number of river
terraces, which increase in age with elevation, can be identified in various parts of the
valley.



1.2.3 Topography and Drainage

The topography of the Coal River Valley is dominated by the valley form of the Coal
River. The river itself rises well north of the study area and has been dammed near
Colebrook to create a supply of irrigation water for agricultural areas to the south. South
from the dam the river is confined to a narrow, often gorge-like valley until breaking out
into more open country south of Lime Kiln Hill. This area marks the northern extremity
of the study area.

For several kilometres more the river meanders through a relatively confined valley
with occasional small areas of flood plain and rolling low hills confined by more
prominent hill ranges to the east and west. To the east of Campania the Coal River is
joined by White Kangaroo rivulet and shortly thereafter the valley broadens
significantly. While still confined by prominent dolerite hills, the valley form is now
more even, being dominated by a series of pediments and high river terraces into which
the current river has become incised.

Throughout its course the Coal River is joined by numerous east and westward flowing
ephemeral tributaries many of which have been confined by farm dams to further
supplement the irrigation water supply.

Previous studies have identified a range of land resource management issues in the
valley. Indeed, within the Coal River Catchment Management Strategy (1998) it is
reported that "virtually all forms of land degradation can be found within the valley."
These are said to include soil structural decline, tunnel and gully erosion and salinity.
During the course of this study, however, only small areas of erosion and soil structural
decline were identified though the extent of moderate to high levels of salinity appears
more wide spread.

1.2.4 Land Use and Vegetation

Historically the valley has been extensively used for cereals and sheep production.
However, the development of the South East Irrigation Scheme and the opening of the
Craigbourne Dam in 1986 resulted in a significant increase in the amount and reliability
of water for irrigation purposes. This allowed for a significant change in farming
enterprises to more high value production such as stone fruit, vineyards, poppies and
market vegetables.

The long history of agricultural occupation in the valley has had a significant impact on
the native vegetation with much of the study area being cleared for agricultural
development. Within the valley the higher dolerite slopes often remain forested, due to
their poor suitability for agriculture, and retain a cover of open forest including a variety
of eucalypt species (E. globulus, E. pulchella, E. viminalis, E. amygdalina, E. ovata and
E. obliqua). Elsewhere, only scattered remnants of the original cover remain as part of
wind breaks or on low rocky rises where the ground is unsuitable for agriculture.

1.2.5 Potential for Land Use Change

Since the opening of the Craigbourne Dam in 1986 there has been a progressive change
in land use in the Coal River Valley away from traditional grazing to more intensive
forms of agricultural land use. Drip irrigated stone fruit and vines have led this charge to



expand the agricultural horizons of the Coal River. Intensive vegetable production,
particularly brassicas and similar vegetables, vegetable seed production and broadacre
crops such as poppies are also prevalent. South of Richmond, and outside the current
study, water piped from the Derwent River is used for irrigation and there are also plans
to use waste water from Hobart.

Several properties are now utilising centre pivot irrigation on crops, extracting water
from the Coal River or using on farm storage. There remains however, some land that
could still be developed and, subject to availability of irrigation water and the need to
rest most soils for several years through a cropping rotation, it is likely that the area of
land under irrigation will expand further in future years. This will inevitably put further
pressure on both the land and the water resources, increasing the potential for resource
degradation and potential loss of productivity, particularly if the relatively inefficient
and inaccurate traveller style irrigators continue to be used.

If the Coal River Valley is to remain an agriculturally productive area an on-going
programme of resource condition monitoring needs to be established. This should
consider the potential for degradation on a property by property basis as well as the
potential interactions of wide spread land use change on the overall health of the valley.



2. SALINITY ASSESSMENT

While Tasmania is not affected by salinity to the same degree as parts of mainland
Australia it is nevertheless a rising degradation issue in some parts of the State, with the
potential to have considerable adverse impacts on agricultural productivity. In 1995
Finnigan reported that less than 1% of agricultural land in Tasmania appeared to be salt
affected. In 2000, as part of a review of dryland salinity in Tasmania for the National
Land and Water Resources Audit, Bastick and Walker suggested that the figure is nearer
3%. This increase is probably more due to our increased awareness of salinity as an
issue rather than an actual increase in area affected. The presence of salinity within the
Coal River Valley has been recognised for many years but it is only relatively recently,
with the expansion of high value crops such as lettuce and vines, that concerns
regarding its impact have been expressed. Indeed, some farmers have already seen
productivity losses directly attributable to salinity.

Salinity assessment undertaken as part of this study takes several forms. The
information presented in the following sections seeks to address the questions of where
salt occurs within the landscape and how it might be mobilised.

e EM surveys were conducted to assess the extent of salt storage within the ground,

e groundwater monitoring was undertaken to determine the depth to and quality of
groundwater tables in the valley,

e fortnightly monitoring of observation wells provided an indication of how
groundwater depths varied throughout the year, and

o rainfall samples were analysed to determine the contribution of rainfall to the salt
budget.

The results provide a snapshot of the current status of salinity within the Coal River
Valley and clearly demonstrate the presence of a salinity hazard which should sound
warning bells to all those involved in primary production within the valley. Assessing
individual farm or paddock risk from salinity is a far more complex undertaking,
however, as the degree of risk is not only related to the distribution of salt but also to
land use and management practices. Individual property risk assessment therefore needs
to be undertaken on a case by case basis.

Electrical conductivity (EC) is used as the measure for salinity. When salt is dissolved
in a solution the sodium and chloride ions allow an electrical current to pass through
that solution. The strength of the current depends on the concentration of salt. There are
several ways of presenting the results depending on the technique used. Throughout this
report EC is expressed as dS/m and the various measures of EC include:

e ECa or ECapparent are the actual values recorded by the EM31 and EM38
instruments;

e EC;:s5 is a measure of the conductivity of a suspension of soil and water in the ratio
one part soil to five parts distilled water;

e ECw is a measure of the conductivity of a water sample, and



e ECse is a measure of the conductivity of a saturated extract taken from a soil
sample. ECse is considered to be a much more reliable assessment of the salt
content of the soil as experienced by plants. Extraction of the moisture sample is a
costly process and beyond the capacity of this project. ECse is frequently
approximated by multiplying EC,.s values by a conversion factor which varies
according to soil texture (texture multipliers used in this project are presented in
Appendix 1). This approximation is known as the “estimated ECse” (ECese).

2.1 Overview of EM Surveys

An EM31 survey was undertaken over 4500 ha of the Coal River Valley flood plain and
associated valley sides to determine the extent and severity of salt storage. EM38
investigations were undertaken over a small pilot area. Very simply, EM instruments
work by creating a magnetic field at or near the ground surface. This induces secondary
fields within the ground that are detected by a receiver. The strength of this secondary
field is indicative of the conductivity of the ground which itself is partially dependent on
the amount of salt in the soil moisture. Other factors that can influence the strength of
the signal are soil moisture, clay content and temperature. For this reason, analysis of
soil samples taken from soil cores is undertaken to calibrate the instrument for salinity.
The depth to which the initial signal penetrates, and thus the depth to which soil samples
are collected, varies depending on the orientation of the instrument. The manufacturers
claim penetration of 3 m and 6 m for the EM31 in the horizontal and vertical
orientations respectively, while the EM38 is reported as measuring to 0.75 m and 1.5 m
in the horizontal and vertical orientations.

Previous EM31 studies in the Coal River Valley
have been undertaken by Finnigan (1995). This
work identified 1640 ha of land with significant salt
stored within the soil, approximately one third of
which is considered to be in the high to severe
categories (ECa>0.15 dS/m).

2.1.1 EM31 Survey Methodology

The EM survey was undertaken using a Geonics
EM31 mounted on the back of a 4WD quad bike. A
wooden frame was used to mount the EM31
approximately 100 cm above ground level. This
set-up gives a ground penetration of 5 m in the
vertical and 2 m in the horizontal orientations. The
EM31 was connected to a GPS and data logger to
simultaneously record EM reading and location. At
the start of every field day the EM31 instrument
was calibrated at the same fixed point in order to
ensure consistency of measurement. During field
operation the regulator connection on the quad bike
was detached to minimise interference from the
engine. The bike was then driven along a transect at
approximately 15 km/hr with the data logger set to
record every 10 seconds giving an interval of

Figure 3 Intensity of EM31 mapping



roughly every 40 m. Actual speed of travel was adjusted to meet terrain requirements so
intervals between points are variable. Transect spacings were at 50 m, 100 m or 200 m
spacing with the actual spacing in any paddock being dependent on the perceived
potential for irrigated cropping and position in the landscape (higher potential paddocks
lower in the landscape generally attracting the closer transect spacing due to a perceived
increased risk of salinity). Figure 3 indicates the distribution of the various transect
spacings adopted. Field survey was undertaken through September and October 2001.

Following completion of the survey work the data was split into three blocks and ESAP
software (ESAP9S software, Lesch et a/ 2000) used to select 12 points in each block
(there was too much data for the software to cope with in one block). Seven sites in each
block were then selected to calibrate the EM results obtained. The sites selected where
chosen to give good distribution across the study area and to include a range of EM
readings. The selected points were then revisited, using the grid coordinates down
loaded during field survey (approx 5 m accuracy). At each site a proline drill rig with
spiral drill was used to drill holes to 5 m depth, or as deep as possible before an
impenetrable layer was hit. Soil samples were collected every 25 cm for the top 100 cm
and every 50 cm thereafter. Samples were bagged and returned to the lab for hand
texturing, moisture content and EC;.s determination. Each bore was reassessed with the
EM31 metre prior to drilling with measurements taken in both horizontal and vertical
mode. The results from the analysis of bore samples were used to determine the
relationship between apparent EC and ECese.

Regression analysis of the lab data was undertaken to determine the relationship
between ECa and ECese. EC;.s results for each sample were multiplied by the
appropriate texture factor (Taylor 1993) to convert each EC;.s to ECese (the texture
multipliers used are tabulated in Appendix 1). The average ECese was then calculated
for each bore and regression analysis undertaken against the corresponding ECa value
for that bore. The analysis of the ECa and ECese results provide a mathematical
relationship between the two sets of data (presented in Section 2.1.2) which was used to
convert all ECa data points to ECese values which were then krieged to create a
conductivity map for the survey area.

In some paddocks the EM31 was also run in the horizontal orientation (EM31h)
providing an assessment of average soil conductivity and salt storage in the top 2 m.
The calibration of the data was performed in the same manner as for EM31v except that
only results for the top 2 m of each calibration bore were used.

2.1.2 EM31 Results

For EM31v data a simple linear regression provided good levels of correlation. Using
only DPIWE bore data, an r* value of 0.77 was calculated. This figure suggests that
about 88% of the variation in ECese can be explained by variation in ECa at the 95%
confidence level. The relationship between ECa and ECese is defined according to the
equation:

Average ECese to 5 m=2.7339xEC(apparent)+0.5655 (equation 1)




As described in Section 2.1.1, this equation was used to convert the raw apparent EC
figures recorded during the field survey into an EC surface which is presented as the salt
storage map accompanying this report.

Figure 4 provides a graphic example of the relationship between ECese and ECav. The
mathematical equation used to convert ECav to ECese to create the salt storage map is
the equation of the trend line.
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Figure 4. Trend line and data spread for ECese v. ECav for DPIWE bores in the Coal River Valley

Similar calculations provided the mathematical relationship between ECah and ECese
which was then used to create a salt storage surface for the areas surveyed with the EM
metre in the horizontal orientation providing measurements to about 2 m depth; the
resultant equation for converting ECah to ECeseh being:

ECeseh to 2m=2.5484ECah+1.2646 | (equation 2)

The r* value for the EM31h is 0.5906 giving 77% correlation with 95% level of
confidence. Such r* values are widely considered as normal for this type of survey.

The salt storage map (Map 1b) was created by converting the raw EM31 data to ECese
using equation 1. The map provides an indication of average conductivity (and thus salt
storage) over the top 5 m of the soil profile but does not provide any indication as to the
depth at which any salt concentration might occur. Without consideration of a range of
other factors, such as depth to groundwater and land management, this map cannot be
considered a salinity risk map. It does, however, identify those areas with high salt
storage in the soil profile that has the potential to be mobilised into the root zone. It
therefore highlights those areas where greatest caution should be exercised when
introducing new crops or alternative land management activities.

The legend for the salt storage map is a standard legend for the classification of saline
land. Table 3 outlines the percentage breakdown of the various salinity classes
occurring in the Coal River Valley study area.
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Salinity Class Area (ha) | % of area surveyed
Non saline (0-2 dS/m) 513 11
Slightly saline (2-4 dS/m) 3197 69.3
Moderately saline (4-8 dS/m) 898 19.5

Very saline (8-16 dS/m) 8 0.2
Extremely saline (>16 dS/m) 0 0

Total Area 4616 100

Table 3. Proportion of land in the various salinity classes as identified by EM31v

The results clearly indicate that a salinity hazard exists within the Coal River Valley
with 19.5% of the area surveyed falling within the moderately saline category.

Mapping using the EM31 in the horizontal orientation covered 1083 ha. Using the
calibration equation 2, above, creates an ECeseh surface of average salinity in the top 2
metres that shows remarkably little variation with 1066 ha of the area falling within the
low salinity class (2-4 dS/m).

2.1.3 EM38 Survey Methodology

During the course of this project DPIWE invested in an EM38 meter. The EM38 works
in a similar manner to the EM31 but measures to significantly shallower depths and is
considered to provide information on salt storage within the potential root zone of crops.
A small trial area was mapped with the EM38 to provide a comparison with EM31
results. An area of approximately 50 ha was chosen as the pilot study area. The area was
selected on the basis of containing a range of ECese values and is also an area under a
centre pivot irrigator. Instead of being mounted on a 4WD bike the EM38 was carried
by hand and readings taken in both horizontal and vertical orientation approximately
every 50 m along transects 50 m apart. EM values and grid coordinates were recorded at
each site and the information downloaded to a GIS to create an EM38 ECa surface.
Using this surface eight sites were chosen for soil sampling to calibrate the EM data.
The sites were chosen to ensure a spread across the range of ECa values recorded. Sites
were hand augered to approximately 2 m (where possible) and soil samples collected
every 25 cm and tested on the same basis as for the EM31 calibration.

Regression analysis was undertaken on the EM38 data in the same manner as for the
EM31. EC;:s values for each soil sample were converted to ECese values according to
the texture of the sample. For each auger hole the average ECese was calculated by
summing the individual values for each sample taken from the hole and dividing by the
number of samples. For the vertical orientation, ECese values were averaged over the
upper 1.5 m and over the upper 0.75 m for the horizontal. These average ECese values
were then plotted against the ECa values recorded by the EM38 and appropriate trend
lines and calibration equations derived for the vertical and horizontal orientations.

2.1.4 EM38 Results

Regression analysis and calibration of the EM38 indicated an r* of 0.77 in the vertical
orientation and 0.47 in the horizontal suggesting 88% and 69% correlation, respectively,
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between ECa and ECese. The corresponding calibration equations for each orientation
of the EM38 meter are:

ECese to1.50 m=0.3805ECav+0.7646 (equation 3)

and

ECese t00.75 m=0.1464ECah+3.4562 (equation 4)

Of the eight sites selected for calibration only four sites could be augered beyond 100
cm. Consequently, equation 3 is based only on EC results from the four deeper holes,
while equation 4 is based on results from all eight holes.

The resulting surfaces for the EM38 data show no variation in EC values over the 50 ha
pilot area. Average salinity over the top 1.5 m (ECese38v) falls entirely within the 0-2
dS/m (nil salinity) class, while the top 0.75 m is classified as entirely within the low
salinity class (2-4 dS/m).

2.1.5 Discussion

The EM31 survey work has undoubtedly proven valuable in our understanding of the
extent and distribution of salt stores within the Coal River Valley. Given the many
complicating factors influencing the interpretation of the EM31 data it is important
when reviewing the salt storage map, not to place to much emphasis on the absolute
value of salt indicated by the map. Rather, the map should be considered to display the
relative distribution of areas likely to contain differing amounts of salinity. Areas
indicated on the map as being dark blue will almost certainly be non-saline, while areas
in red will almost certainly be highly saline. For other areas, there are additional
complicating factors that may be skewing the results.

Nevertheless, the salt storage map shows some distinct patterns and is valuable in
assisting land managers in identifying potentially high risk areas. Higher EM31v results
appear on the terraces and pediments along the eastern side of the valley and also on
more recent alluvium on the current floodplain of the Coal River. This appears to be in
agreement with general visual observation and local knowledge in the valley and with
observations by Holz. Indeed, Holz hypothesised that the salinity occurring on some
current floodplain locations could be a result of salt mobilisation from stores higher in
the landscape. This is entirely consistent with the pattern of salt distribution
demonstrated by the EM31 studies.

The results from the EM31 survey undertaken in the horizontal position show
remarkably little variability. Calibration of the raw ECa data, using equation 2, appears
to suggest that, on average, little salt is stored within the top 2 m of the soil, with most
readings falling within the low salinity class (2-4 dS/m). In some ways, this lack of
variability is a surprising result. However, if correct it suggests that the average salt
storage in the top 2 metres of the soil is low and that the majority of the salt lies
between 2-5 meres. This finding is supported by some soil profile data discussed in
section 2.2 and also by the observation that the visual evidence of salinity in the Coal
River Valley is not as severe as might be expected given the known groundwater
conditions.
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These results are significant as they highlight the presence in some areas of salt stores
just below the rooting depth of most commercial crops . While salt has been in the
upper 2 m of soil there remains the potential for these deeper salt stores to be mobilised
upwards through rising saline groundwater, into the rootzone of crops. While there is no
evidence to indicate that this is happening at present, continued monitoring of depth to
groundwater, groundwater and soil EC should continue on a regular basis to identify
any future trends in salt movement.

The results for the EM38 pilot study are inconclusive and the complete lack of ECese
variation gives rise to concern regarding the reliability of the data. Other work by
DPIWE staff and agricultural consultants does suggest that the EM38 is a useful tool for
near surface salinity assessment in Tasmania. Further investigations are needed to
determine why such unexpected results occurred in this study.

Sources of error

There a numerous opportunities for errors to occur when using EM technology to assess
salinity. Despite these problems, the technology is generally accepted as a useful tool in
the assessment of salinity. Yet there remain a number of uncertainties regarding the
application of the technology. For example, just how many calibration holes are needed
to provide a reliable equation to convert ECa to ECese? What impact does the presence
of near-surface saline ground water have on ECa readings? What influence does sodic
subsoils have on ECa?

Other potential sources of error relate to the use of the equipment. Potential sources of
error identified during the course of the study are discussed in the following paragraphs.

As part of the hydrogeological modelling of the area, Coffey Geosciences Pty Ltd also
undertook drilling of bore holes, sample collection and analysis. It was hoped that these
bores, in addition to those drilled by DPIWE, could be used to calibrate the ECa data.
However, when the data from the Coffey bores was included in the calibration a very
poor r* value resulted. Checking the DPIWE and the Coffey bore data sets individually
indicated that correlation between ECese and ECa for the Coffey bores was particularly
poor. There are several possible explanations for this. The ECa readings for Coffey
bores were taken some weeks after the soil samples had been collected and it is likely
that moisture and temperature conditions would gave changed. Also, many of the
Coffey bores where located near paddock boundaries and close to fences. It was
observed that ECa readings taken at such locations appeared to be affected by the fence.
Consequently, Coffey bores have not been included in the calibration of the ECa results.
This has effectively reduced the number of bores available for calibration by almost
half.

Of the 20 bores ultimately used for the calibration almost half reached only to 3 m or
less before encountering a rock or other impenetrable layer. Thus the average salinity
recorded for the bore may not be representative of the full 5 m depth over which the
EM31v instrument is said to record. It is acknowledged that relatively few calibration
bores were sampled over a relatively large area. No attempt was made to calibrate EM
results according to soil type

There is currently some debate amongst those involved in soil science in Tasmania as to
the applicability of the ECse texture multipliers developed by Slavich for soils in
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Tasmania. However, in the absence of conversion factors developed specifically for
Tasmania, there was no viable alternative.

Despite these many issues and concerns the technology certainly has a role to play in
the assessment of potentially saline land in Tasmania. However, the results need to be
interpreted with caution and in the context of the supporting work to calibrate and verify
the EM data.

2.2 Groundwater Bores Installed for Monitoring and EM Calibration

Local land holders have been aware of the presence of soil salinity in the Coal River
Valley for many years and this has been further documented and researched by DPIWE
(Finnigan 1995) in more recent times. The presence of saline groundwater is also well
known, with local knowledge reporting the occurrence of saline springs which used to
flow regularly but, with lower than average rainfall in recent years, appear to have
subsequently dried up.

An understanding of the distribution of salt within the soil profile, together with
information on depth to groundwater and the quality of that groundwater is essential to
assessing the level of risk imposed by a salinity hazard. Accordingly, a number of
observation bores were established as part of this project and monitored on a regular
basis for both depth to groundwater and conductivity. Soil samples were also collected
at regular intervals down each bore and subsequently analysed for moisture content and
electrical conductivity (EC;.s) as well as hand texture following standard DPIWE
procedures. The results of the soil analyses were required for calibration of the EM
survey work but the conductivity results also provide a valuable insight into the salt
profile of each bore. The groundwater information has also been used by Coffey
Geosciences Pty Ltd to create numerical models of saturated and unsaturated ground
water flow. The results of the work by Coftey are attached as an Annex to the overall
project report.

2.2.1 Analysis of Bore Soil Samples
Methodology

A total of 38 bores were drilled around the Coal River Valley to various depths up to 15
m. Bulk soil samples were collected, initially at 25 cm intervals to 150 cm, thereafter at
50 cm intervals to the total depth drilled or a maximum of 5 m. Samples were bagged
and returned to the laboratory for analysis.

Soil samples collected during the drilling of each bore have been analysed for field
texture, moisture content and EC;.s. The EC;.s results are converted to ECese using
standard texture multipliers. The ECese value is considered a more reliable indication of
the salinity environment that might be experienced by plant roots than EC,.s. Plotting
sample depth against ECese provides a rapid visual interpretation of the manner in
which soil salinity varies with depth for each bore.
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Results

The results of the individual calibration bore soil analyses for the Coal River Valley are
presented in Appendix 2.

Figure 5 demonstrates the variability with which salt is distributed through the ground.
Several bores commence with higher salt values near the surface and then fall with
depth (eg bores CG10, CG16 and CRMBI11). The three profiles shown in Figure 5
displaying this characteristic are all bores that contain saline groundwater tables that
occur within 2 m of the ground surface. It is possible that the higher salinity levels in the
surface layers could be a result of the capillary affect which causes moisture to be
drawn up through the soil, up to 2 m above the groundwater level. Subsequent
evaporation of moisture at the surface leads to a concentration of the salts contained in
the moisture and a consequent increase in the conductivity of the soil.
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Figure 5. Salinity profiles for selected bores in the Coal River Valley

It is also worth noting that CRMB 11 contains a groundwater level that is particularly
near the surface. Below about 1 m depth the conductivity of soil samples remains
relatively constant. This may reflect saturation of the soil by groundwaters of relatively
constant salt content. A similar affect is observed in bore CRMB 5. Although the water
table is significantly deeper within this bore (around 3.7 m) soil conductivity levels also
remain constant from about the same depth. While capillary rise does not reach the
surface from groundwater in this bore there is a significant salt bulge around 2 m depth
suggesting that capillary rise and evaporation may still be impacting on the movement
of salt within the soil profile, even to a depth of almost 4 m. Similar salt bulges 1-2 m
above a groundwater table can be seen in other profiles (eg CRMB 3).

Of the bore profiles analysed several, notably CG3, CG11, and CG23, had nil to low
salinity levels (that is less than 0.7 dS/m) throughout the entire profile. However, many
bores contained some soil layer that falls within the moderate to highly saline categories
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(0.7-1.2 dS/m and 1.2-3.0 dS/m respectively). No bores were found to be very saline
category.

2.2.2 Groundwater Monitoring
Groundwater Depth

A total of 16 observation bores were established within the Coal River Valley during the
early stages of this project. Ten of the bores were established by Coffey Geosciences,
the consultants undertaking the hydrological assessment of the valley and the remainder
by DPIWE. Conversion of holes to groundwater observation bores was achieved by
installing a length of plastic pipe into the bore. The pipe was slotted over part of its
length to allow groundwater to infiltrate. Fine gravel was packed around the pipe to a
depth above the slotted section of pipe and then a bentonite seal added and the
remaining depth of the hole back filled. Four bores had data loggers installed to monitor
groundwater depth on a six hourly basis.

The bores established by DPIWE were done as part of a program of calibrating the
EM31 conductivity meter. Initially, thirty six calibration sites were identified from the
entire data set, using the ESAP95 software (Lesch ef al/ 2000 and
http://www.ussl.ars.usda.gov/lcrsan/esap95.pdf). With limited time and drilling
resources available these 36 sites were reduced to 19 sites, selected to ensure a
relatively even distribution across the landscape and location within areas of differing
EM conductivity. Bores were drilled to a maximum of five metres, or to some
impenetrable layer, and soil samples collected as for the Coffey bores. Bores that
intersected groundwater were established as groundwater observation wells along
similar lines to the Coffey bores with the exception that the plastic pipe was slotted to
just below the ground surface and the bentonite seal installed at ground level.

Both Coffey and DPIWE bores, including those with data loggers installed, were
subsequently monitored for depth to groundwater and groundwater conductivity on
approximately a fortnightly basis. Some Coffey bores were also sampled for a broader
chemical analysis.

Results of the groundwater depth monitoring are presented in Figure 6. Many bores
suggest that depth to groundwater fluctuates gradually in response to seasonal rainfall.
Bore CG6 in Figure 6 is a typical example. Depth to groundwater tends to increase
slightly over the summer, decreasing again over the winter period of increased rainfall
and decreased evapotranspiration. During the period of investigation the summer of
2001/02 was particularly wet, followed by a dry spell while the summer of 2002/03 has
been drier than average. This pattern is again reflected in the results of the groundwater
monitoring which show increasing depth to groundwater as 2002 drew to an end.
Indeed, groundwater levels in several bores are being recorded at their deepest level for
the entire monitoring period. Some bores, eg CRMB13, show occasional "blips" in the
general data trend. It would appear likely that such blips are errors in measurement
rather than true changes in depth to groundwater.

The data in Figure 6 would also suggest that shallow groundwater tables respond more
dramatically than do deeper groundwater levels. Bores with groundwater levels within
three metres of the surface, for example, show more marked seasonal fluctuations than
bores within groundwater at six or seven metres.
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Figure 6. Depth to Groundwater (cm) measured fortnightly for all observation bores.

Of the bores established as groundwater monitoring bores, six had groundwater levels
within two metres of the ground surface at some time during the monitoring period. The
remainder, with the exception of bores CRMB 12 and 20, recorded groundwater levels
between three and four metres. CRMB 12 and 20 each recorded groundwater at around
seven metres. The average variation between minimum and maximum groundwater
level is 78 cm with CRMBO0S5 showing the least variation (28 cm) and CRMB 11 the
most (174 cm).

Groundwater Quality

Conductivity levels, and therefore salt content, of groundwater differs considerably
between bores. Of the 36 bores drilled across the study area 16 intersected a ground
water table. Of these, six bores had ground water levels within 2 m of the ground
surface, a depth considered critical for possible impacts on plant growth. Depth to
groundwater showed some seasonal fluctuation but no apparent response to current
irrigation application was observed. Fifteen of the sixteen bores recorded water
conductivity greater than 0.8 dS/m (ie at least high salinity class, Stackhouse 1984 and
Table4 ). The majority of the bores fall within the very high salinity category. One bore,
CRMB 13 consistently recorded salinity in excess of 20 dS/m. Measurement of the
conductivity of water stored in several dams, including one used for irrigation,
identified greater seasonal fluctuations in salt load but typically all dams fell within the
high salinity category. Conductivity levels for each bore are presented in Figure 7.
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Figure 7. Groundwater conductivity for all bores

Category EC (dS/m) | Definition

Low 0-0.28 Can be used on most crops, on most soils, with little likelihood of
salinity problem developing.

Medium 0.28-0.8 Water can be used but need to ensure moderate levels of leaching to
remove salt build up. Not suitable for salt sensitive plants.

High 0.8-2.3 Cannot be used for soils with impeded drainage (lack of leaching).
Salinity management techniques required.

Very High | 2.3-5.5 Generally not suitable for irrigation except where soils are highly
permeable allowing easy leaching of salts. Salt tolerant crops only.

Extreme >5.5 Only for use on most permeable soils and for most salt tolerant crops.

Table 4. Irrigation Water Quality Classes (from Stackhouse, 1984, after Hart, 1974)

2.2.3 Discussion

The observation wells established during this phase of the project intersect near-surface
or perched groundwater tables only. The range of depths to groundwater and
groundwater quality would suggest that bores intersect different local groundwater
systems rather than a single system. Given the spatial distribution of the bores around
the catchment this is perhaps to be expected. No nested or grouped bores were
established though a number of existing nested piezometers exist as part of earlier work
by DPIWE in the valley.

The results from the groundwater monitoring raise a number of issues of concern.
Firstly, six of the 16 bores that intersected a groundwater table did so at a depth of less
than 200 cm. This depth is generally accepted as the depth that capillary rise can begin
to impact on ground surface and root zone salinity. Electrical conductivity at all of these
six bores was in the high to very high range (0.8 - 5.5 dS/m). Given the shallow nature
of this groundwater system, capillary rise and evaporation at the surface could lead to
accumulation of salts in the root zone and, with evaporation exceeding rainfall in most
months, it is unlikely that accumulated near surface salt would be leached back down
the soil profile.

It was observed during the drilling and installation of several bores that groundwater
levels, identified on the basis of retrieval of saturated drilling returns, appeared to be
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encountered at depths greater than that subsequently observed during monitoring of the
bores. That is, in many instances near surface groundwaters appear to be at least semi-
confined. This pressure head effect occurs where a less permeable soil layer overlies the
saturated zone, effectively capping and confining it. When a hole, such as a monitoring
bore, is punched through the cap, the confined groundwater is free to find its natural
level at equilibrium with atmospheric pressure. Within the DPIWE bores it was not
unusual for the standing water level to appear 1-2m above the depth at which
groundwater was struck during drilling. Thus, while some monitored groundwater levels
appear within 200 cm of the surface, actual groundwater levels may be confined to
greater depths. While some upward leakage of water maybe expected through this less
permeable soil layer, it might be that it is the presence of such layers which is limiting
the wider occurrence of visible surface salinity impacts in the valley.

The depth to groundwater data shows seasonal fluctuations with depths increasing
during the summer and decreasing again during the winter. While one or two
irregularities appear in some bores (eg CRMBI13), the scale and timing appear to
suggest human error in recording measurements rather than true groundwater
fluctuations. Several Coffey bores show minor blips in mid June 2002 (eg CRMB 3, 6
and 11) and this may be due to preceding heavy rainfalls though the lack of similar blips
in all bores makes this difficult to confirm. The impact of irrigation on groundwater
depth appears to be minimal. There are several reasons for this - the relative location of
bores and irrigation sites, the low levels of irrigation water being applied and the
masking influence of far greater climatic changes. On the basis of currently available
data, it seems unlikely that the current, seasonal, low level deficit irrigation practices are
leading to groundwater recharge. However, the longer term impacts of irrigation, or the
likely impacts of increased irrigation activities cannot be determined on the short period
of data collection during this study.

Similar constraints apply to observed groundwater conductivity values. However, not
withstanding the short period of data collection, the data clearly indicate the need for
caution when investing in new enterprises within the valley. While surface expression
of significantly saline land is very limited and localised in extent the presence of salt
stores in the landscape, together with near surface, moderately to highly saline
groundwater, demonstrates the potential for the expansion of saline areas in the valley.

The groundwater depth and quality data clearly indicates the presence of near-surface
saline groundwater systems within the Coal River Valley. While the presence of
confining layers within the soil may be maintaining actual groundwater levels deeper
within the profile, consideration of such layers is essential when installing dams,
digging drains or installing infrastructure as any fracture of the layer may lead to the
leakage of saline water into the dam or drain and the risk of increased near surface
salinity or contamination of irrigation supplies.

2.3 Salinity in Rainfall

The contribution of rainfall to the salt budget was investigated to determine the
significance of this contribution compared to other potential sources of salt. Earlier
work by Dell (2000) suggested as much as 212 kg/ha per annum of salts are carried in
by rainfall at the University Farm 6 km south of the current study site.
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During the period of investigation rainfall data collected at the two rainfall collection
sites shows a significantly wetter than average summer for 2001-2002 and a
corresponding dry autumn. Indeed, many stations in Southern Tasmania received their
lowest autumn rainfall for over 50 years during 2002. Monthly rainfall amounts for the
project period (based on actual BoM figures) are presented in Table 5.

J F M A M |J J A S O |N D Total

Campania
5001 252 (68.8 (922 [36.8 [223
ggo‘gpama 77.4 |40.4 26.6 (8.0 |18.6 [52.4 |19.6 [37.6 |57.6 |42.6 [17.8 |nd |398.6
Strathayr
001 31.1 [97.2 [114.8 [50.2 [293.3
ig(‘;‘;hayr 93.6 |28 |11.6 |54 |19 [53.4 |nd [47.6 |64.4 [52.4 |nd |nd |164.4

Table 5. Rainfall recorded in the Coal River Valley throughout the study period (actual BoM figures)
(nd=no data at time of writing)

2.3.1 Methodology

Two rainfall collection sites were located, one in the north of the study area, 4 km north
of Campania, and one to the south west of Richmond, 4 km outside the study area. At
each site a simple plastic bucket with a funnel inserted into the lid was used to collect
rainfall. Each funnel was covered with a gauze mesh to prevent entry of insects or other
extraneous matter. Where the funnel entered the lid the join was sealed using silicon
sealer. The buckets were set into the ground to improve stability and were located away
from trees and buildings that might have affected sampling. Rainfall was collected on
the first day of every month, or as close thereto as possible. Total volume of rainfall
collected was measured using a measuring cylinder and converted to mm of rainfall
using the following equation:

P=v/nr’

Where P= precipitation (mm), v= volume of rainfall collected (mm®) and r= radius of
funnel (mm).

The rainfall was tested for salt content using an electrical conductivity meter prior to
being sent to the laboratory for precise chemical analysis. In this study, calculations for
salt load have used the measured lab.

The "salt" content of the samples can be reported in a number of ways. In his analysis of
rainfall, Dell (2000) calculated the salt concentration of rainfall (mg/l) by multiplying
the conductivity of the sample (dS/m) by 640, an accepted value considered
representative of the salt concentration of a solution dominated by sodium chloride
salts. Once the salt concentration is estimated it is a simple matter of arithmetic to
calculate the amount of salt added over a hectare during that month. Thus:

Salt in rain (kg/ha/month)= P x Salt concentration (mg/1)/100

Where P is precipitation amount (mm); and salt concentration is in mg/l.

Other published literature reports salinity results on the basis of the chloride content of
rainfall samples (eg Keywood et al, 1997, Farrington et al, 1993, Hingston and Gailitis,
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1976), the chloride radicle presumably being a more reliable indicator of salt than the
sodium ion. However, for the purposes of comparison with the data presented by Dell,
the same methodology has been adopted here.

2.3.2 Results

The full results from the rainfall monitoring component of the project are displayed in
Appendix 3. Rainfall data have been collected from September 2001 until November
2002. Figure 8 displays rainfall recorded at each station together with the concentration
of salt in that rainfall. Figure 9 displays the salt load added to the land for each month of
measurement (ie salt concentration x rainfall amount).
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Figure 8. Rainfall and salt concentration for the two rainfall recording stations.

Volumes of rainfall recorded at each station differ between DPIWE collection vessels
and BoM vessels. On average DPIWE collection vessels recorded 89.5% of the BoM
station amount at Campania, while the southern station recorded 91.5% of the BoM
figures. Measured monthly rainfall volumes less than BoM figures are not unexpected
given the duration that samples were left in the field and the chance of losing some
moisture through evaporation. However, some early DPIWE readings for the southern
station recorded more than the official BoM measurements.
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Figure 9. Salt load in rainfall recorded at the two project recording sites (Sept 2002-Nov 2002)
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Using the Dell method for calculating salt load the average monthly accessions of salt at
each of the two recording sites are 5.2 kg/ha and 8.0 kg/ha for the north and south sites
respectively. This amounts to an annual accumulation of 62.4 kg/ha and 96 kg/ha
respectfully. These figures are in contrast to those recorded by Dell for the University
Farm, just a few kilometres from the southern recording station, of 210 kg/ha/yr (NB in
calculating the average monthly salt load for the southern site, Dec 2001 and Oct 2002
figures have been excluded due to possible sample contamination).

2.3.3 Discussion

The assessment of salt in rainfall conducted as part of this project is subject to numerous
potential errors. Rainfall collection containers were located at ground level increasing
the potential risk of contamination; apart from a mesh covering no attempt was made to
prevent dust or other material entering the collection vessel. On several occasions the
mesh was found to be missing when the samples were collected and insect access to the
containers was common. Samples were only collected monthly and some evaporation of
the sample must have occurred.

Nevertheless, the results are considered indicative of salt accession by rainfall in the
Coal River Valley and are consistent with other reported results. The difference in both
chloride and salt volumes between the two stations could be a function of distance from
the sea. While prevailing weather patterns in this part of Tasmania are predominantly
from the west and north west the likelihood of this resulting in significant local
differences in salt accession are low. However, occasional rain events emanating from
the south east do occur and such events may well result in differential salt load
deposition as the southern site is less than 10 km from the sea while the northern site is
about 20 km.

Previous work in WA and Victoria (Hutton and Leslie, 1958) indicates that chloride
accessions from rainfall amounts to 100 kg/ha/yr along coastal margins. More detailed
investigations in Western Australia (Hingston and Gailitis, 1976) have shown that while
much of the salt is of marine origin some may also be derived from dust particles
originating from salt pans and playas in inland WA. While the relative amounts of salt
per annum are small it is postulated that the salt stores currently found in Australian
soils and groundwaters may have arisen through the accumulation of such small
amounts over tens of thousands of years. While the investigations undertaken as part of
this project do not identify the source of salt, or the process by which it has arrived, the
results would appear to support the concept of decreasing salt deposition with increasing
distance from the sea.

Consideration of Figures 8 and 9 identifies some apparently anomalous results for the
southern recording site. The December 2001 and October 2002 rainfall samples appear
to indicate very high salt concentrations compared to other months and also to
corresponding samples for the northern station. This significant difference suggests the
possibility of sample contamination at this site for these months. The probability of
sample contamination is also supported by the presence of elevated levels of TDS
compared to other samples. These two samples are therefore excluded when calculating
monthly average and annual salt volumes brought in by rainfall.

The method used for reporting on the quantity of "salt" arriving in rainfall is open for
discussion. The relationship between the conductivity of the rainfall sample and the
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chloride content was assessed using regression analysis and only a relatively poor level
of correlation was found suggesting that the relative proportions of the different salts
varies from month to month and, presumably, rainfall event to rainfall event. This
would imply that the choice of a value of 640 to convert EC values to salt load is
inappropriate as this value is relevant only to NaCl dominated solutions.

Other reasons for the differences in salt load recorded by Dell (2000) and this project
are the proximity of the Dell site, the University Farm, to the sea and normal annual
variability in salt accession, though the two fold difference would suggest that this
might be unlikely.

2.4 Salinity Assessment Overall Conclusions

The EM survey work has significantly improved the understanding of salinity in the
Coal River Valley and our capacity to undertake EM surveys and interpret the results.
The range of activities undertaken to investigate salinity have clearly demonstrated that:

e there is salinity in the valley and that it is spread over a significant proportion of the
valley though there is little evidence on the surface of severely affected areas;

e while salinity may occur throughout the soil profile, significant salt stores may
occur below 2 m;

e there are a range of groundwater systems in the valley, some of which are connected
with each other and/or with surface water systems;

e depth to groundwater is highly variable and that some groundwater systems are
pressurised and confined by a capping of less permeable soil material; nevertheless,
the presence of saline groundwater at depths of 2-4 m or less, is reason for concern;

e depth to groundwater appears to vary on a seasonal basis but the current irrigation
practices do not appear to be having any affect on depth to groundwater, at least in
the short term;

e groundwater quality is highly variable between bores but relatively steady within a
bore; all bores had a water quality sufficiently poor to impact on yield if used for
irrigation;

e cven where groundwater was not encountered there appears to be a bulge in salt
concentration within the top 2-3 m of soil material;

¢ rainfall contribution to the salt budget is low and is likely to remain so. However,
small accumulations over a long time frame could be significant, depending on
whether salt is retained in the system or flushed from it;

e there is some visual and anecdotal evidence, based on occurrence of salt scalds and
location of on-farm dams, to indicate that some land management practices are
having an adverse impact on salinity but only on a very localised scale;

o with the widespread practice of deficit irrigation the greatest risk of salinity comes
from the use of poor quality irrigation water;

o few farmers keep records of the amount of irrigation water applied or the quality of
that water.

A drive through the Coal River Valley will very quickly reveal that there are no salt
lakes, no great expanses of halophytic plants and very little clear evidence of the
occurrence of salinity in the valley at all. But salinity is a creeping, invisible menace
that can impact on productivity long before visible symptoms appear. A more careful
look at the Coal River Valley will reveal small saline scalds and the presence of several
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salinity indicator weeds. And yet, despite the evidence from groundwater bores and soil
samples of the presence of salinity in the ground, the surface expression of this salinity
appears stable despite an increase in irrigated land use in the area over the last 14 years.
The reasons for this are unclear but there are likely to be several mitigating factors.

Firstly, the decreasing annual rainfall over the past 20 years may have led to a decrease
in recharge to the groundwater systems and a general lowering of the groundwater table.
Current irrigation practices add only a relatively small amount of additional water each
year and the approach is to deficit irrigate so the likely impact on recharge is minimal.

Secondly, the partial confinement of many of the groundwater tables below an only
slowly permeable clay subsoil may be preventing the accession of salt to the root zone.

Finally, salt is certainly being added to the system through the application of saline
irrigation water. Yet despite the high evaporation rates experienced in the valley there
appears to be only limited accumulation of this salt within the root zone. It may be that
this salt is being leached by rainfall either into the groundwater or, perhaps more likely,
laterally through drainage into creek lines. Certainly crystals of salt have been observed
in the banks of some creeks as they dry up after the winter rains and evaporation rates
increase.

While it is unlikely that salinity would ever become extensive within the Coal River
Valley yield losses are probably already occurring due to weakly saline soils and the use
of mediocre quality irrigation water. Even water with conductivity of 1 dS/m
contributes 640 kg salt per mega litre and can result in a 10% yield decline in grapes.

It is essential that farmers develop their awareness and understanding of salinity and the
processes that lead to its development. Combined with appropriate soil and groundwater
monitoring and a better understanding of on-farm water use, any changes in the
development of salinity in the valley can be identified and managed.
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3. SOIL SURVEY AND UNIQUE AREA MAPPING

The soils of the Coal River Valley have previously been investigated and mapped by
Holz (1987) and the following section draws heavily upon the text of that report. Other
previous work includes that of Dimmock (1957) who mapped the soils of the Brighton
sheet as part of the Reconnaissance Soil Map of Tasmania series.

The work by Holz focused on 2700 ha of previously identified alluvial deposits
considered as having potential for irrigation or considered otherwise important for
agriculture. As Holz's soil map is published at 1:25 000 scale, no additional work has
been done in this area, rather the focus of the current project has been to extend the
mapped area to include lower foot slopes and other adjacent areas which elsewhere have
been developed for viticulture and stone fruit production. The combined area of Holz's
work plus the current project amounts to almost 5000 ha.

3.1 Methodology

The methodology for the current mapping takes a unique mapping area (UMA)
approach based on field survey and aerial photograph interpretation. For the Coal River
Valley this requires the identification of areas of land as uniform as possible with
respect to landform, land element, aspect, slope, geology and soil type. In reality it is
impossible to achieve perfectly pure units and thus where slope and aspect are recorded
they must be considered to be dominant slope and aspect for that polygon. Similarly for
soil type although the proportions of the dominant and up to two subdominant soils,
estimated to the nearest 10%, are recorded.

Within the newly mapped areas UMA boundaries have been identified and located
using field work supplemented by digitally created slope and aspect maps (based on
1:25 000 10 m contour data). Within the areas previously mapped by Holz each existing
Holz UMA was subdivided according to the aspect/slope categories occurring within it,
based upon the digitally created surfaces. Such boundaries have not been field checked.
All boundaries have been drafted onto field maps from which they have been digitally
captured. The resource information for each UMA polygon is retained by the Land
Resource Assessment Section of DPIWE. The data allows for the development of a
range of derivative maps, including soils, presented here as Map 1a, but also suitability
maps for a variety of potential land uses where suitability is determined by topographic
slope, aspect and soil characteristics.

Soil investigations have been undertaken following standard Australian soil survey and
soil profile description procedures as described in the relevant Australian Soil and Land
survey Handbooks (McDonald er al, 1988). The major soils identified are described
below.

The soils identified in the Coal River Valley have been grouped according to landscape
unit following the original system of Holz, and are described in general terms on the
following pages. Full profile descriptions are presented in Appendix 4. Where possible,
soils have been classified according to the Australian Soil Classification (Isbell 2002) as
well as the Northcote PPF system (Northcote 1979)
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3.2 Soils of the Coal River Valley

The soils of the Coal River Valley have been grouped according to the broad
landscape/geological unit in which they occur. Eight groupings have been identified,
plus a number of miscellaneous soils and mapping units. The soils vary significantly in
quality, with a corresponding variety of limitations. All soils are limited by a lack of
rainfall in the valley which limits available moisture for crops. Many of the soils are
also duplex, causing rainfall to pond above a heavy textured B horizon in winter and
drying out rapidly in spring leaving only a short window when the soils can be worked
with minimum damage. Many soils are also sodic and this has significant implications
for cultivation and irrigation. While salinity is clearly evident in the valley, salt levels in
the rootzone of crops appear to remain low and may only impact on more salt sensitive
crops. The soil map is attached as Map 2 of this report. The soil classifications (eg
arenic, basic, orthic tenosol) are derived from the current Australian Soil Classification
(Isbell, 2002).

3.2.1 Soils of Aeolian Deposits
Two soil types have been identified on windblown sands
Inverquharity Soil Profile Class (SPC)

Inverquharity soils are neutral, uniform sandy soils with occasional clay bands of
variable thickness. Subsoils are typically bright red-brown in colour and soil textures
loamy sand to sand. Inverquharity soils are developed on aeolian dunes located above
the current floodplain of the Coal River.

These deep sandy soils frequently include clay bands which vary in clay content and
thickness, often being 2-4 cm thick but occasionally as much as 20 cm thick. A series of
these clay bands may occur to depths of 2 m, becoming less frequent with depth. The
bands possibly reflect periods of alluvial deposition within longer periods of aeolian
deposition. Variable amounts of soft calcium carbonate may often be found at depth
within these dunes. These soils are classified as Tenosols as they show relatively weak
pedological development. However, clay bands of variable thickness could lead to some
profiles being classified as duplex (chromosols and dermosols) while variable degrees
of bleaching in the A2 horizon affects sub order levels of classification.

Only small occurrences of this soil type have been mapped at Richmond, near Prossers
Road and near Brown Mountain Road. Inverquharity soils are mapped as the dominant
soil in association with Richmond, Bas2 and Msc3 soils and are also found as
subdominant to Trs1 soils.

Inverquharity soils are currently used for grazing, occasional crops and for horticulture.
The soils are of good quality but are limited by the low rainfall and a wind erosion risk.
Land on which Inverquharity soils occur is generally considered to be Class 4 land.
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Penrise Soil Profile Class

Penrise soils are red brown fine sands displaying minimal profile development. These
soils lack the A2 of Inverquharity soils but occasionally show some incipient podzol
development. Like Inverquharity soils, Penrise soils are developed as coversands and
can occur as small dune features or occasionally on the sides of hills. Where Penrise
soils occur in enclosed depressions, profile development appears to be greater. The
wetter environment leads to a browner colour, often with mottling, and a bleached A2
horizon. Where A horizons have been affected by wind erosion colour tends towards a
lighter brown.

Penrise soils are classified as basic arenic orthic tenosols due to their relative lack of
profile development, sandy textures and neutral to basic soil reaction trend.

Occurrences of Penrise soil are to be found at the junction of White Kangaroo Rivulet
and the Coal River and also just north of Richmond. Although of limited extent, Penrise
soils are found in association with a variety of other soils types including Churchill,
Richmond, Roslyn, Strelley, Basalt soils, Apricot, Pines and Stockdale.

Penrise soils are used extensively for grazing and, where irrigation water is available,
also for occasional cropping. Generally these areas are considered Class 4 land

3.2.2 Soils of the Floodplains and Terraces
Five soils have been identified in the grouping.
Stockdale Soil Profile Class

Stockdale soils are neutral, brown, structured, uniform sandy clay loam developed on
floodplain alluvium. The soil occurs predominantly on the floodplains of the Coal
River, often in association with small open depressions which carry over-bank stream
flow. Frequent seasonal flooding can lead to the deposition of 1-5 cm of sand either on
the surface or as an existing layer within the profile (as in the 2A12 horizon). Profile
depth is variable and can overlie alluvial sands and gravels. Occasionally Stockdale
soils are found to overlie Roslyn soils.

These soils are classified as melanic eutrophic black or brown dermosols. Precise
classification of individual profiles depends on colour of B horizon and thickness of the
black A1 horizon. Stockdale soils are considered to be fairly fertile hence the eutrophic
classification.

Stockdale soils are mapped north of White Kangaroo Rivulet. They are frequently found
in association with Churchill soils and also Penrise, Cranston and Roslyn.

The completion of the Craigbourne Dam has to some extent mitigated the flood risk to
which these soils were once prone. The Stockdale soils are generally well drained,
friable and easily cultivated. However, their association with more poorly drained
depressions can make cultivation difficult. Land with Stockdale soils is generally
considered to be class 4 or 4/5.

27



Roslyn Soil Profile Class

Roslyn soils are neutral to alkaline, dark, structured clay loam to light clay, uniform to
gradational. Developed on floodplain alluvium. The Roslyn soils are an association of
similar soils ranging from browner, slightly coarser textured profiles adjacent to the
Coal River to darker, finer textured profiles with calcareous segregations near
backswamps. Roslyn soils appear to be intermediate in maturity between Stockdale and
Churchill soils. Subsoil mottling, depth and colour of surface A horizons all lead to
further profile and classification variability.

Roslyn soils, with their strong B horizon structure, are classified as pedaric black or
brown dermosols depending on the colour of the B horizon. Where subsoils are heavily
mottled and where A horizons are black, the Roslyn soils may also be classified as
Melanic or Melanic mottled or mottled eutrophic dermosols.

The Roslyn soil occurs in similar situations to the Stockdale and, like the Stockdale, is
often associated with small open depressions and backswamp areas on the edge of the
current floodplain.

Roslyn soils are mapped sporadically along the Coal River floodplain, particularly north
of the Coal River and White Kangaroo Rivulet junction. They are associated
predominantly with Churchill and Stockdale soils and also occasionally with Penrise
soils.

Roslyn soils are considered Class 4 similar to the Stockdale soils. They currently
support grazing and occasional cropping of cereals, peas and poppies.

Churchill Soil Profile Class

These soils are alkaline dark uniform cracking clays developed on floodplain alluvium.
Some Churchill soils are more grey in colour than dark and, in some wetter areas, grey
subsoils may be associated with high salt levels. Just north of Richmond, Churchill soils
overlie brown sand and gravel D horizons at 50-80 cm. Organic matter levels vary
significantly depending on surface drainage conditions, with greater accumulations
appearing in depressions. These heavy, dark cracking clays are classified as self-
mulching black vertosols and may additionally be classified as endocalcreous depending
on the presence and depth to any calcareous layer.

Churchill soils occur on the Coal River flood plain throughout the valley. They are often
associated with open depressions which carry overbank flow and which may be several
centimetres deep. In wetter areas a strong "debil debil" microrelief can develop,
consisting of small depressions and intervening rises with up to 30 cm relief.

Churchill soils are mapped throughout the floodplain of the Coal River. They are
commonly found in association with minor swamps and Roslyn soils. Occasionally,
Churchill soils are found in association with Apricot, Penrise, Coal or Cranston soils.
Rarely with Bas1 or Dolerite soils.

Churchill soils are considered to be land capability class 5, limited by poor drainage and

occasional flooding. Some areas where soil drainage appears better, such as at Brown
Mountain Road are Class 4 and would support occasional cropping.
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Apricot Soil Profile Class

Apricot soils are neutral, bright brown, fine sandy loam to sandy clay loam duplex soils
developed on terrace alluvium. They occur on the Coal River Terraces, above the
current floodplain but below levees and alluvial plain generally. Apricot soils show little
variability with only some variation in B horizon texture and depth to gravel. B horizon
textures of Apricot soils are variable, as is depth to alluvial gravels. The soils are
tentatively classified as eutrophic brown chromosols.

Apricot soils are predominantly mapped in association with Churchill soils but are also
found with Roslyn, Pines and various miscellaneous soils, and more rarely with Bridge
and Penrise soils. These well drained, easily cultivated soils lie generally above the
floodplain and are considered to typically represent Class 4 Land. They are suited to
spray irrigation systems and appear to be low in salt and sodicity.

Cranston Soil Profile Class

Cranston soils comprise alkaline grey, uniform cracking clays developed on terrace
alluvium. Topsoils are usually self-mulching and calcareous nodules can often be found
in the lower B horizons. This soil type is relatively uniform except for lower B horizon
which tend either grey or black in colour. These soils are classified as Endocalcareous,
self-mulching grey or black vertosols due to the nature of the topsoil structure, the
presence of surface cracking and carbonates deeper in the soil profile.

Crantson soils occur on alluvial terraces of the Coal River, predominantly around
Brown Mountain Road but with smaller areas between Campania and Richmond.
Cranston soils occur in association with Churchill soils and also Basl and
miscellaneous soils. They have also been found as subdominant soils to Bridge and
Stockdale soils.

Due to their heavy clay textures, low landscape position and subsequent poor drainage,
areas where Cranston soils occur are considered to represent Class 5 land. While they
have good nutrient and water holding status they also have only a narrow cultivation
window between being either too wet or too dry.

3.2.3 Soils of Alluvial Plains
Six soil types are identified in this group.
Richmond Soil Profile Class

Richmond soils are typically neutral, bright red-brown sandy duplex soils developed on
levee and terrace alluvium, occasionally with soft carbonate deposits at depth. The
depth of the A horizon is variable, up to Im at one site. This variability may be due to
aeolian deposition. The presence of a bleached A2 horizon and the duplex nature of
these soils suggest that they classify as bleached eutrophic brown chromosols.

The Richmond soils occur on the levee and terraces a few metres above the existing
floodplain of the Coal River, on gently undulating terrain with occasional open
depressions associated with former river channels. Many small occurrences of
Richmond soils occur, typically in association with Pines, Bridge, Inverquharity and
Penrise soils, less commonly with Coal, Daisy and Nugent soils.
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Richmond soils are typically well drained and above the current flood level of the Coal
River. They are easily cultivated and are considered to represent Class 4 land for
agricultural use.

Pines Soil Profile Class

Pines soils are neutral, bright yellow-brown uniform sands developed on levee and
terrace alluvium which frequently overlies Tertiary sediments or gravel. Depth to the D
horizon is variable and the degree of mottling is dependent on the nature of the D
horizon e.g. mottling occurs above Tertiary sediments which have poor internal
drainage. Some profiles have an increase in clay in the B horizon and intergrade
towards Richmond soil.

Pines soils are classified as bleached orthic tenosols depending on the presence of a
bleached A2 horizon and the general limited development of other soil horizons.

Pines soils occur on levee and terrace alluvium in gently undulating terrain. They are
closely associated with Richmond soils and are also found in conjunction with Penrise
and Bridge soils and also some heavier textured miscellaneous soils associated with
drainage lines.

Like the Richmond soils, Pines soils are well drained and easily cultivated. Low rainfall
and susceptibility to erosion by wind restrict their agricultural capability to Class 4.

Bridge Soil Profile Class

Bridge soils are neutral, brown, sandy duplex soils developed on levee and terrace
alluvium. They include a shallow A2 horizon that may have a sporadic bleach. Subsoils
are often weakly mottled. Bridge soil is comparable with Richmond but generally has a
shallower A horizon, browner, more mottled, less friable and finer textured B horizon.

The duplex nature of Bridge soils leads to a classification of bleached, brown
chromosol, depending on the presence or otherwise of any bleached A2 horizon. There
is no chemical data available for these soils but they are considered to be non-sodic.

Bridge soils are closely associated with Richmond soils and occur in similar
environmental positions, specifically gently undulating terraces. They are also found in
association with Apricot soils, and occasionally Pines, Penrise and Coal soils.

Bridge soils are limited to Class 4 land due to climatic restrictions. Under conditions of
higher rainfall these soils might be considered Class 3.

Riversdale Soil Profile Class

Riversdale soils are neutral to alkaline, dark, sandy clay loam to sandy clay, gradational
to duplex soils, developed on alluvium overlaying basalt at shallow depths. Parent
material consists of alluvium overlying basalt with most profiles reaching basalt within
60cm, and the upper B horizon is always dark. Occasionally it is possible to auger
through some decomposing basalt.
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The precise classification of Riversdale soils depends on whether individual profiles are
considered duplex or not. Duplex examples classify as eutrophic subnatric grey sodosols
while non-duplex examples may be sodic eutrophic grey dermosols.

Riversdale soils occur on alluvial plains adjacent to the Coal River around the properties
of Riversdale and Willowbank. They are associated with a variety of other soils
including Basl and 2, Southfork, Laburnam and Coal soils and occasionally with
Dolerite and Daisy and Nugent soils.

Riversdale soils are considered to be weakly sodic, typically have impeded profile
drainage and locally significant stone content. As such they are have limited agricultural
potential and are considered to comprise Class 4 land.

Coal Soil Profile Class

Coal soils are acid to neutral, brown, sandy clay loam to sandy clay, duplex to
gradational, developed on alluvial plains. Small areas of similar profiles in drainage
depressions are alkaline with soft carbonate segregations at depth but these have not
been mapped separately. Depth to basalt varies from 60-150 cm.

The classification of Coal soils depends on whether individual profiles are duplex or
gradational in nature, the degree of sodicity present and the level of base saturation
(nutrient status). Duplex profiles are likely to be eutrophic mesonatric black sodosols,
while gradational profiles are more likely to classify as sodic eutrophic black dermosols.

Coal soils occur on level alluvial plains and occasional terraces. They have been
mapped near the property of Inverquharity and along Native Hut Rivulet. They are
frequently associated with Basl and 2 soils, Nugent, Riversdale and Churchill soils, and
less often with Daisy, Bridge and Richmond soil types.

The duplex nature of Coal soils together with the distinct mottling and poor internal
drainage restrict areas of these soils to Class 5 land. Where the soils are better drained
they may represent Class 4 land.

Strelley Soil Profile Class

Strelley soils are neutral to alkaline brown sandy duplex soils developed on alluvial
sediments. Some profiles may exhibit a sporadically bleached A2 horizon. which is best
developed in the profiles with deeper A horizons. The B horizon structure is probably
50-100 mm prismatic breaking to angular blocky. Gravel or basalt are often encountered
by 100 cm.

These duplex soils are classified as Eutrophic mesonatric grey sodosols.

Strelley soils are developed on gently sloping alluvial plains to the north of Richmond.
They are associated with Bas2, Richmond and Penrise soils. Strelley soils are also
subdominant to Trs1, Trs2 soils and Bridge soils.

Strelley soils are used for pasture and occasional cropping where soils are not poorly
drained. Land on which Strelley soils occur would be land capability Class 4 or 5
depending on soil drainage status.
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3.2.4 Soils of Pediments and High Terraces
Five soil profile classes, with two variants, are identified in this soil landscape.
Carrington Soil Profile Class

Carrington soils are alkaline, brown to olive, sandy clay loam to sandy clay, duplex to
gradational soils, developed on pediments from predominantly reworked Tertiary
sediments. Carbonate nodules may be present within the lower B horizon. Sand infills
are well developed in the lower B horizon in Carrington profiles. The Carrington
gravelly variant (Car 1) occurs around Carrington on an alluvial fan. These profiles
differ from Carrington with respect to an accumulation of ironstone gravel in the lower
A and upper B horizons. Also, surface textures tend to be coarser including sandy loam
and light sandy clay loam and the sporadic bleach is well developed. pH tends to be
more acid deeper in the profile.

The precise classification of the Carrington soils depends on whether they are duplex or
gradational profiles and also on the degree of sodicity in the profile. Duplex profiles are
probably calcic subnatric grey sodosols, while gradational profiles are probably sodic
calcic grey dermosols.

The Carrington soils occur on pediments with gently undulating slopes of 2-6%, to the
west of Colebrook Road, between Richmond and Carrington. Carrington soils are found
in association with Nugent, Daisy and Dolerite soils and less commonly with Coal and
Enfield soils.

Carrington soil are used extensively for grazing and occasionally for cropping.
However, the poorly structured B horizons, together with the duplex nature of the some
profiles which can lead to winter waterlogging, limit the capability to Class 4.

Nugent Soil Profile Class

Nugent soils are neutral to alkaline, olive-grey brown, sandy clay loams to sandy clay,
duplex to gradational profiles developed on alluvium. Some Nugent profiles have
sandier topsoils probably resulting from aeolian influence. These profiles are often
distinctly duplex and often have a conspicuously bleached A2 horizon.

Nugent soils are generally moderately sodic. They classify as either Eutrophic mottled-
mesonatric grey sodosol, or Mottled-sodic, eutrophic grey dermosol, depending on
whether they are duplex or gradational profiles.

The Nugent soils occur on very gently inclined pediments between Richmond and
Carrington Farm. They are found in association with a wide variety of other soil types
including Carrington, Daisy, Riversdale, Coal, Bridge and Southfork. Nugent soils have
a similar use and limitations as the Carrington soils and are also classified as Class 4.

Southfork Soil Profile Class
Southfork soils are acid, olive-yellow brown, sandy loam to sandy clay loam, duplex to

gradational soils developed on alluvium on pediments. Southfork soils typically have a
variable topsoil texture over short distances, reflecting strong aeolian influence. Well
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developed sandy infill at depth within the profile are typical of this soil. On
"Inverquharity" a gravelly variant of the Southfork soil was identified with a strongly
mottled B horizon and gravel concentrated in the lower A and upper B horizons.
Depending on whether the profile is duplex or gradational, Southfork soils classify as
either Eutrophic, mesonatric grey sodosols or sodic eutrophic grey dermosols

Southfork soils are closely associated with the Nugent SPC and occur on similar, very
gently sloping pediments north from the Carrington property to Campania. Southfork
soils are also associated with Daisy and Coal SPCs

Areas of Southfork soils are classified as Class 4 land. While they will support
occasional cropping the land is limited by lack of rainfall and the duplex nature of many
of the soil profiles which can rapidly lead to waterlogged A horizons during periods of
rain or over irrigation.

Laburnam Soil Profile Class

Laburnam soils are alkaline, dark, cracking clays with a uniform profile, developed on
pediments of predominantly basaltic material but with some aeolian/alluvial influence.
Laburnam soils are separated from other soils developed on basalt by the presence of
sand and rounded ironstone pebbles that may occur though the profile. Depth to basalt is
variable but is often moderately deep. Laburnam soils have been classified as self-
mulching black vertosols due to there generally uniform texture, deeply cracking
structure and friable topsoil.

Developed on basalt or basaltic colluvium, Laburnam soils occur on alluvial plains from
the Riversdale property, north through to Campania. These soils are usually associated
with Basl, Bas2 and Riversdale soils.

Laburnam soils have been used to grow occasional crops. However, the heavy nature of
the clay soils creates workability problems that require careful management if damage,
such as smearing or other forms of structural degradation, are to be avoided. Land on
which Laburnam soils are found are generally considered to be Class 4 for agriculture.

Laburnam has been separated from the basaltic soils because of the sand and rounded
ironstone pebbles which may occur through the profile. Depth to the basalt is variable
but is often moderately deep.

Enfield Soil Profile Class

Enfield soils are neutral to alkaline, reddish brown, gravelly, sandy clay loam to sandy
loam duplex soils developed on older alluvium on high terraces. Profile variability is
generally in the depth to the gravel layer, plus some calcareous nodules may be
encountered in the deeper profiles. Sandy infills, resulting from cracking and aeolian
influence, are strongly developed. Enfield soils have been classified as Eutrophic?
Mesonatric? Brown sodosol depending on the degree of sodicity and the extent of base
saturation of the exchange sites on clay particles.

Developed on mainly gently undulating rises with slopes of 2-6%, Enfield soils have
been mapped mainly to the west of the Colebrook Road and south of Enfield Lane.
Enfield soils are commonly associated with Daisy soils and are also found with Nugent,
Mscl and Basl soils.
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Like other duplex soils with sodic B horizons, land on which Enfield soils occurs is
classified as class 4 land. Careful management of these sodic soils is necessary to avoid
contaminating non sodic upper horizons with sodic subsoils, which could leave to
structural degradation, surface crusting and poor seedling emergence when cropping.

3.2.5 Soils of Tertiary Sediments
One soil type and a variant were identified in this landscape unit.
Daisy Soil Profile Class

Daisy soils are alkaline, brown to olive, sandy clay loam to sandy clay, duplex to
gradational soils developed on tertiary sediments wherever they have been exposed,
often on the sides of cuttings. Slopes range from level to gently inclined. The upper part
of some Daisy profiles may include mixing of Tertiary materials from upslope and so
the quantity of ironstone fragments is variable. Large ironstone concretions may prevent
augering below 30 cm. Some profiles may also have a coarser sandy loam A horizon.
The accumulation of calcareous segregations is dependent on the movement of
carbonate rich groundwater from the dolerite and, where not affected by this
groundwater, Daisy profiles may be more acidic. Such profiles have been identified as
the Daisy variant. Sandy infills may occur within these soils. Occasionally, ironstone
cobbles and stones may appear on the ground surface.

Daisy soils have been classified as Mottled? Mesonatric? Brown Sodosol or brown
dermosol, depending on whether profiles are duplex or gradational, the depth and
severity of subsoil mottling and the amount of sodium in the profile.

Daisy soils have been mapped in association with a wide variety of other soils including
Coal, Southfork, Carrington, Enfield and Msc3 soils and occasionally with Richmond,
and Basl soils. Like many of the soils with which they are associated, Daisy soils are
considered to be class 4 for agricultural use.

3.2.6 Soils of Tertiary Basalt

Two soils have been identified on Tertiary basalt and are described together as they are
relatively similar.

Bas 1 and Bas 2 soils

Basl and Bas2 soils are developed on basalt and basaltic colluvium. Basl soils are
typically alkaline, dark cracking clays while the Bas2 soils are neutral to alkaline, often
stony and with a gradational to uniform texture profile. Basl soils are the most common
of the two. Both soils show little profile variability though some, east of Campania have
a sandy A horizon, presumably due to aeolian influence. Bas2 soils often have many
basaltic cobbles and stones on then surface.

Bas soils are developed wherever basalt outcrops occur, often on ridges, such as east of
Campania, but also in incisions where only a narrow band of basalt is exposed. They are
classified as Basl Haplic self-mulching brown vertosol (Basl) and Haplic epipedal
brown vertosol (Bas2). Bas soils are found in association with each other and a wide
variety of other soil types including Southfork, Riversdale, Coal, Daisy, Enfield and
Penrise soils.
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Land on which basaltic soils occur is classified as Class 4 land for agriculture. While the
Basl soils are generally of good quality, they are limited by low rainfall to only
occasional cropping. Access to irrigation water would allow greater use of these soils.
Bas2 soils are also constrained by stone content which impacts on workability of the
ground as well as nutrient and moisture retention capabilities.

3.2.7 Soils of Triassic Sediments
Two soil types are identified on the Triassic sediments, Trs1 and Trs2
Trsl and Trs2 SPCs

Trsl soils are neutral, yellow-brown, sandy clay loam to fine sandy clay loam, duplex
soils developed on fine grained Triassic sediments and feldspathic sandstones. Trs2
soils are more acid, yellow grey and sandy in texture. They are also a duplex soil with
mottled B horizons and a conspicuously bleached A2. Trs2 soils have developed on
coarser grained Triassic sediments. Occasionally, Trs2 soils contain a Bhs horizon.

The soils are classified as Eutrophic, mesonatric brown Sodosol Eutrophic brown
chromosol (Trs1) depending on the amount of sodium on the exchange sites of clay
particles; and Bleached mottled/sodic Eutrophic brown chromosol, humosesquic, semi
aquic podosol (Trs2), depending on whether or not Bhs horizons indicative of
podsolisation processes are present.

The soils occur on outcrops of Triassic sandstone and mudstone that occur throughout
the study area. Trsl and Trs2 soils often occur in close association, and are also often
found with, Strelley soils. Trsl soils are also found with Daisy, Southfork and Msc3
soils.

Trs soils are duplex with poorly structured B horizons. They often occur on slopes and
are prone to erosion, including the only instance of tunnel erosion observed in the study
area. The land on which these soils is found is typically considered to be Class 4 but
some poorer sites may be Class 5.

Prosser

Prosser soil are developed on colluvium from Triassic sediments with probably some
mixing with dolerite colluvium. Prosser soils are neutral, dark grey to brown,
gradational to uniform, fine sandy clay loam to clay loam on pediments to the east of
Richmond. While topsoil horizons are fairly consistent in colour and texture, sub-soils
vary significantly from yellowish brown to olive grey - a variability which may be
linked to drainage, though most profiles appear to be imperfect to poorly drained.

Prosser soils classify as melanic mottled brown dermosols due to their dark colour and
neutral pH. Prosser soils are very similar to the Nairns soil with which they are often
found. Prosser soils are also found with Msc3 and Msc5 soils and, occasionally, Strelley
soils.

The soils are considered to be Class 4 for agriculture. Subsoils are likely to be slowly
permeable and irrigation needs to be used with care to avoid waterlogging or surface
ponding.
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3.2.8 Soils on Dolerite

A variety of soils have been identified that have developed from dolerite or doleritic
colluvium.

Fingerpost (Dolerite)

The Fingerpost soil was originally described as the Dolerite soil by Holz (1987). The
name has been changed here to separate it from other soils subsequently found to occur
on dolerite. The soil is an alkaline dark cracking clay. It is developed on foot and
midslope positions along the Coal River Valley from doleritic parent material. Browner,
more stony profiles tend to occur on steeper slopes and have been separated as
Hawkesmere soils.

Fingerpost soils are classified as Endocalcareous self-mulching black or grey vertosols,
depending on the dominant colour of the soil. Fingerpost soils have been identified in
association with other dolerite soils, Trs soils, Carrington and Mscl soils.

The land on which Fingerpost soils are found is typically Class 4 for agriculture, though
may be class 5 on some steeper gradients.

Hawksmere SPC

The Hawksmere soil has not been characterised to SPC level. It is typically a brown to
dark brown clay loam over reddish brown clay, gradational profile containing common
weathered dolerite stones and cobbles and sometimes carbonate segregations. Dolerite
cobbles, and occasionally bedrock, can often prevent augering to any depth. Topsoils
are typically acidic tending to alkaline at depth.

Hawksmere soils are often found in association with Campania soil and Basl soils
where basalt flows intermix with dolerite bedrock. They are also occasionally found
with Trs soils where Triassic sandstone intermixes with dolerite, and also Fingerpost
and Nairns soils.

These Hawksmere soils are typically Class 5 for agriculture, being limited by soil depth
and stone content. They occur on upper slopes and hill crests and classify as black, grey
or yellow dermosols.

Campania Soil Type

A variety of duplex soils on dolerite have been grouped together as the Campania soil
type. They are most commonly found in association with other soils derived from
dolerite, particularly Hawksmere and Fingerpost and are less frequently associated with
soils derived from Triassic sediments. The Campania soils are highly variable but
generally have neutral to weakly alkaline soil reaction trend and probably classify as
yellow and brown Chromosols.

Land capability on these soils is class 4 and 5, depending on slope steepness and stone
content.
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Nairns Soil Type

The Nairns soil has developed on foot slopes in mixture of doleritic and Triassic
sandstone colluvium. They are typically alkaline black to dark greyish brown
gradational to uniform sandy clay to clays. Profiles vary depending on the nature and
mix of colluvial material with some profiles having well developed clay profiles and
little sandstone to depth, while others have a thin clay layer over sandy clay and much
weathered sandstone at shallow depth. Some heavier textured profiles show prominent
cracks during dry periods (vertosolic).

Nairns soils are classified as Melanic brown dermosols and are considered to be Class 4
for agriculture. They are found in association with Prosser soils, to which they appear
very similar, often having paler B horizon and being slightly better drained. Nairns soils
are also found in association with Hawksmere and Trs1 soils.

3.2.9 Other Minor Soils

A number of other minor soils have been recognised but insufficient profiles have been
described to develop reliable soil profile classes.

Msc2 Alkaline , grey to brown cracking clay of uniform texture developed in Tertiary
clay sediments.

Msc3 Alkaline, black to dark grey cracking clay with uniform texture developed in
alluvium in drainage depressions. Salinity varies considerably in these soils depending
presumably on the degree of wetness and the level of evaporation that occurs.

Msc4 Neutral, brown, stony, sandy clay loam, uniform, developed in floodplain
alluvium.

Msc5 Neutral, greyish brown to black, stony, sandy clay loam, duplex soils, developed
on alluvial fans from Jurassic dolerite and Triassic sandstone.

Msc6 Strongly acid over alkaline greyish brown loam, with lateritic basalt fragments,
overlying medium clay.

3.2.10 Other Map Units
A number of other units have been identified on the soil and UMA maps. These include:

Dam Man-made water bodies

Swp Swamps and other very poorly drained depressions that remain wet for much of
the year.

Stc Significant streambeds and channels.

Dstl  Quarried for sand

Dst2  Quarried for topsoil

Dst3  Excavations associated with former speedway track.

RO  Rock Outcrop
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Code

Soil name

Concept

Soils of Aeolian Deposits

Inv Inverquharity | Neutral, 'bright red brown' sand uniform (sandy with clay bands), developed
on acolian dunes
Pen Penrise Neutral, 'red-brown,' fine sand, uniform, minimal profile development,

formed on aeolian coversand.

Soils of the Floodplains

and Terraces

Skd Stockdale Neutral 'brown,' structured, sandy clay loam to fine sandy clay loam,
uniform, developed on floodplain alluvium

Ros Roslyn Neutral to alkaline, 'dark,' structured clay loam to light clay, uniform to
gradational, developed on floodplain alluvium

Chl Churchill Alkaline, dark, cracking clay, uniform, developed in floodplain alluvium

Apr | Apricot Neutral, 'brown,' fine sandy loam to sandy clay loam, duplex, developed on
terrace alluvium

Crn Cranston Alkaline, 'grey', cracking clay, uniform, developed on terrace alluvium

Soils of Alluvial Plains

Ric Richmond Neutral, 'bright red-brown', sand, duplex developed on levee and terrace
alluvium

Pin Pines Neutral, 'bright yellow-brown', sand, uniform, developed on levee and terrace
alluvium

Brd Bridge Neutral, brown, sand, duplex, developed on levee and terrace alluvium

Rvs Riversdale Neutral to alkaline, 'dark’, sandy clay loam to sandy clay, gradational to
duplex, developed on alluvium overlaying basalt at shallow depths

Col Coal Acid to neutral, brown, sandy clay loam to sandy clay, duplex to gradational,
developed on alluvial plains.

Str Strelley Neutral to alkaline, brown, sand, duplex, developed on alluvial plains

Soils of Pediments and High Terraces

Car Carrington Alkaline, brown to olive, sandy clay loam to sandy clay, duplex to
gradational, developed on pediments from predominantly reworked Tertiary
sediments

Carl Carrington 1 | Alkaline, brown to olive, sandy loam, duplex, developed on alluvial fan from
predominantly reworked Tertiary sediments

Nig Nugent Neutral to alkaline, 'olive-grey brown', sandy clay loam to sandy clay, duplex
to gradational, developed in alluvium on pediments

Sot Southfork Acid, 'olive-yellow brown', sandy loam to sandy clay, duplex to gradational,
developed in alluvium on pediments

Sotl Southfork 1 | Acid, 'olive-yellow brown', mottled, gravelly, sandy clay loam, duplex,
developed in alluvium on pediments

Enf Enfield Neutral to alkaline, 'reddish brown' gravelly, sandy clay loam to sandy loam,
duplex, developed in alluvium on high terraces

Lab Laburnam Alkaline, dark, cracking clay, uniform, developed on pediments from

predominantly basaltic material but with an aeolian/alluvial influence

Soils of Tertiary Sedim

ents

Das

Daisy

Alkaline, 'brown to olive', sandy clay loam to sandy clay, duplex to
gradational, developed on footslopes of Tertiary sediments.
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Dasl

Daisy 1

Acid, 'brown to olive', mottled sandy loam, duplex, developed on footslopes
of Tertiary sediments.

Soils of Tertiary Basalt

Basl Basalt 1 Alkaline, 'dark' cracking clay, uniform, developed on basalt and basaltic
colluvium
Bas2 Basalt 2 Neutral to alkaline, 'red brown', stony, clay loam to clay, gradational to

uniform, developed on basalt

Soils of Triassic Sediments

Trsl Triassic 1 Neutral, 'yellow-brown', sandy clay loam to fine sandy clay loam, duplex,
developed on hillslopes of fine grained Triassic sediments

Trs2 Triassic 2 Acid, 'yellow-grey', mottled, sand, duplex, developed on hillslopes of coarse
grained Triassic sediments

Pro Prosser Neutral, dark grey to brown, gradational to uniform, fine sandy clay loam to
clay loam on pediments of mixed Triassic and dolerite colluvium

Soils on Dolerite

Cmp Campania Acid to alkaline dark grey to dark greyish brown, sandy clay loam to clay
loam over clay, duplex, with weathered dolerite cobbles, developed on
Jurassic dolerite

Fgp Fingerpost Alkaline, 'dark’, cracking clay, uniform, developed on hillslopes of Jurassic
dolerite (formerly called Dol soil by Holz)

Hwk Hawksmere | Neutral to alkaline brown to dark brown clay loam over reddish brown clay,
gradational profile containing common weathered dolerite stones and cobbles
and sometimes carbonate segregations

Nrs Nairns Alkaline dark to grey cracking clay, uniform, developed on footslopes of

Jurassic dolerite (formerly called Msc 1 soil by Holz)

Miscellaneous soils

Msc2 Miscellaneous | Alkaline, grey to brown, cracking clay, uniform, developed in Tertiary clay
2 sediments

Msc3 Miscellaneous | Alkaline, dark to grey, cracking clay, uniform. Developed in alluvium in
3 drainage depressions

Msc4 Miscellaneous | Neutral, brown, stony, sandy clay loam, uniform, developed in floodplain
4 alluvium

Msc5 Miscellaneous | Neutral, brown, stony, sandy clay loam, duplex, developed on alluvial fans
5 from Jurassic dolerite and Triassic sediments

Msc6 Miscellaneous | On basalt hill, greyish brown loam, laterised basalt fragments overlying
6 medium clay

Other

Dam Dams

Swp Swamps and other very poorly drained depressions that remain wet for

much of the year.

Stc Significant streambeds and channels

Dstl Quarried for sand

Dst2 Quarried for topsoil

Dst3 Excavations associated with former speedway track.

Table 6. Summary of soils identified within the Coal River Valley
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4. SOIL PHYSICAL CHARACTERISATION

This component of the project was intended to address the impacts of changing land use
on the physical condition of the soil and how this might impact on the potential hazards
identified in the area. A range of investigations were undertaken including soil bulk
density measurement, soil aggregate stability (wet sieving method) and soil infiltration
rate.

4.1 Infiltration Rates

Soil infiltration rates determine the rapidity with which surface water can enter the soil.
If surface water is applied at a rate greater than the soil can accept then the potential for
surface run-off and soil erosion exists. Hence soil infiltration rates are a good indicator
of maximum irrigation rates that will avoid the risk of erosion. Soil infiltration rates can
also be considered to be a measure of soil structural condition. Well structured, friable
soils have higher infiltration rates than degraded, poorly structured soils. Soil infiltration
tests therefore set out to determine maximum irrigation rates for soils and provide a
comparison of soil condition between cropped and uncropped soils.

Attempts were made to determine the soil infiltration rates and hydraulic conductivities
for two soil types in the Coal River Valley, under two different land uses — long term
pasture and recent cropping. However, initial results proved to be so unreliable and so
inconsistent that it was decided that significantly more work was needed to ensure
confidence in the results than time permitted. Consequently, this component of the study
was dropped.

4.2 Water Stable Aggregates

Aggregate stability tests were undertaken on the same two soil types as above.
Aggregate stability is a measure of the strength of soil aggregates and their resistance to
deformation following mechanical manipulation. The less stable the aggregates the
more likely they are to degrade under cropping and cultivation, together with a
corresponding increase in surface run-off and erosion, poorer root development and
reduced productivity. The purpose of this test was to determine whether increased
cropping use of the soils was leading to a decline in soil structure compared to similar
soils under longer term pasture.

4.2.1 Methodology

Aggregate stability was measured using wet sieving of air-dried soil. The method used
is as per Herbert et al. (1995). In brief the method involves the cyclic movement of
nested sieves submerged in distilled water. The sample is placed on the top sieve and as
the sieves are moved up and down through the water the aggregates are broken down
and sorted depending on their structural strength. Results are expressed in terms of the
proportion of aggregates greater than 0.25 mm remaining after this sieving process.
Three surface samples were taken at each treatment. Each sample was then split and
each sub-sample tested separately.
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4.2.2 Results

Both the Nugent and Bas1 soils showed increased aggregate stability in the cropped trial
site. This is contrary to what might be expected. For the Nugent soil the difference is
quite considerable while on the Basl soil the difference is very small. In both instances
the range of results is fairly limited.
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75 B Cropped
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65

Nugent BASI1

Figure 10. Aggregate stability of Nugent and Bas1 soils as percent of aggregates over 0.25 mm.

4.2.3 Discussion

Traditional thinking suggests that, following a number of years of cultivation, aggregate
stability in the A horizon should be less than at a pasture site on the same soil. This is
not demonstrated in the test results which show greater structural strength in samples
taken from cropped paddocks. The results for the Nugent soil are also somewhat
surprising considering the sodic nature of this soil, which should indicate dispersion and
structural breakdown on wetting rather than structural improvement. Taken at face value
the results would seem to suggest that cultivation of, or any addition of fertilizers, lime
or crop residue to, both the Nugent and Bas1 soils actually improves structural stability.

4.3 Bulk Density

Bulk density is a measure of soil compaction (though it is also dependent on density of
the soil particles and the amount of organic matter). The tests were performed to see if
any such changes occurred in the more intensively cropped soils of the Coal River
Valley. Test results should indicate changes in soil porosity and structural condition.

4.3.1 Methodology

Surface and subsurface samples were taken for bulk density determination. After
clearing surface vegetation a metal ring (7.5cm deep and 7.3cm diameter) was pressed
into the ground until it was flush with the ground surface, being sure to minimise
compression and damage to the sample. A hole dug beside the inserted ring allowed
clean removal of the contained sample. The hole was further excavated to 30cm and the
process repeated for the subsurface sample. Ten samples were taken for each depth at
each treatment.
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4.3.2 Results

Both soil types show lower bulk density in both subsoil and topsoil samples from the
cropped soils. There is also an increase in bulk density from topsoil to subsoil at each

site.
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Figure 11. Average bulk density in topsoil and subsoil samples for pasture and cropped phases of
Nugent and Basl soils.

4.3.3 Discussion

higher bulk density figures in subsoils samples is a typical phenomenon. The higher
bulk densities of the Nugent soil can be partly explained by the sodic nature of the soil
which can lead to dispersion and breakdown of structural integrity with a corresponding
increase in bulk density. This would be particularly the case for the B horizons which
tend to be more sodic than overlying A horizons. Decreasing bulk densities between
pasture topsoil samples and cropped topsoil samples can also be adequately explained
by animal traffic compacting topsoils in the pasture situation and cultivation loosening
those topsoils in the cropping situation. The expectation that compaction of subsoils in
the cropping situation, resulting from the impact of machinery, does not appear to have
occurred on either the Nugent or the Bas1 soils. The reasons for this are unclear but may
result from the recent cultivation of both soils which has left subsoils more broken than
would otherwise be the case at the end of the cropping season, or perhaps pugging by
livestock have left pasture sites more compacted.

The results from the bulk density investigations are somewhat inconclusive. All that can
be said with any confidence is that the Nugent soils are generally more dense and
compacted than the Basl soils. This would be consistent with the sodic nature of the
Nugent soils.

4.4 Soil Physics Overall Conclusions

Lack of resources and time has meant that only two soil types with two treatments, long
term pasture or long term cropping, could be investigated as part of the physical
characterisation of soils in the Coal River Valley. The results appear inconclusive and,
in some instances, somewhat contradictory. The results of the aggregate stability tests
also appear contrary to what might have been expected, with cropped sites generally

42



showing greater aggregate stability than pasture sites. More work is needed to further
test this result.

The results of the bulk density investigations indicate decreasing bulk density from
pasture to crop paddocks for both topsoil and subsoil samples in both soil types.
Decreases are generally greater for the Nugent soil than for the Basl soil. While the
changes are not great, they are contrary to what might be expected and are inconsistent
with work of other researchers.
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5. HAZARD IDENTIFICATION AND CONCEPTS FOR
RISK MANAGEMENT

The concepts of hazard and risk were briefly discussed in Chapter 1 of this report. The
two terms have considerable potential for misunderstanding and confusion. Throughout
this report the terms have been used in the context set out in Chapter 1. Hazard is simply
a presence or absence condition while risk depends on environmental conditions, land
use and management and the nature of potential; assets at risk. The following sections
discuss the hazards and associated risk factors identified within the Coal River Valley
before discussing one tool for risk assessment in more detail.

5.1 Hazard Identification in the Coal River Valley
5.1.1 Salinity Hazard

The work undertaken in the Coal River Valley identified the presence of several minor
and major hazards. By far the most serious potential hazard is salinity as determined by
the various activities undertaken to identify and monitor salt levels in the valley. The
EM31 assessment clearly suggests that there is a significant salt store in the top five
metres of soil across about 20% of the valley. This data is backed up by a network of
groundwater bores in the valley which show groundwater tables at a variety of depths
from near surface to over seven metres. In most instances these groundwaters are at
least moderately saline and not infrequently within two metres of the surface with the
potential to impact on root zone salinity through capillary rise. Limited soil sampling to
five metres also identifies a salt bulge within the soil profile at depths ranging from 75
cm to 200 cm. In some instances groundwater rise could mobilise these salt stores into
the root zone thereby impacting on crop productivity. Mitigating factors might include
the fact that many groundwater systems appear to be semi confined and thus movement
of salt to the root zone may be confined or reduced altogether, and the low levels of salt
in rainfall which may allow some downward flushing at certain times of year of salts
stored in the soil.

The level of salinity risk on a property or paddock would depend upon, among other
things:

e likely levels of stored salt,

e the depth to salt storage,

e the depth to and quality of any groundwater,

o the likelihood of mobilising the salt store or of reducing the depth to groundwater
through land management practices that might lead to increased recharge,

e the value of assets that might be impacted,

e the sensitivity of the agricultural operation to salinity,

e agricultural operations that might lead to an increase in the salt budget (eg irrigation
with poor quality irrigation water).

The level of salinity risk in the Coal River Valley could be qualitatively assessed
according to the information currently available. However, such an assessment would
be highly subjective and be very much a personal opinion. It is far better that the
necessary information be presented, together with a suitable process of risk evaluation,
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to enable farmers to make their own assessment for their property, setting their own
constraints, limitations and mitigating factors.

The information contained in this report goes some way to achieving this. The data
collected clearly indicates that a salinity hazard does exist across wide areas of the Coal
River Valley (see Map 1). An understanding of the processes of salinisation and how
land management can impact upon it is still a requirement for an accurate determination
of salinity risk. The salinity storage map provides an indication of possible average salt
storage in the upper five metres of soil, while the soil sample and groundwater bore
information provides an insight into the depth at which salt stores occur and the quality
of and depth to near surface groundwater systems.

5.1.2 Soil Structure Decline Hazard

A second major hazard identified during the soil survey was sodicity. Sodicity occurs
when exchange sites on clay particles contain a significant proportion of sodium ions.
The presence of >6% sodium can cause clay aggregates to disperse leading to the
development of a more massive structure, reduced permeability and a tendency to set
hard when dry. Sodium content is measured in terms of the concentration of sodium
with respect to the amount of available exchange sites on the clay particles (this is
cation exchange capacity, or CEC). Exchangeable sodium percentages (or ESPs)
between 6% and 15% are considered to indicate weakly sodic soils while an ESP greater
than 15% indicates strongly sodic soils.

While chemical analysis has been undertaken on most soil types recorded in the Coal
River Valley assessment as part of earlier surveys, measurement of CEC was not
generally done. This makes determination of ESP difficult and classification of soils in
this report as sodic and strongly sodic must be considered tentative.

The attached map, Potential for Soil Structure Decline (Map 1c¢), is based simply on the
presence or absence of sodic soils. As discussed for salinity, the level of risk of soil
structure decline is dependent on a variety of external factors which, in addition to the
degree of sodicity, include depth to sodic horizon, land use and management practices.
The map should therefore not be interpreted as a soil structure decline risk map as this
will have to be judged by individuals according to paddock soil sodicity and proposed
land use.

Most soils in Tasmania are not considered sodic in their topsoils. This is because
sodium ions are relatively mobile and are often leached from the upper soil layers by
rainfall. Sodicity tends to be more pronounced within the subsoil, or B horizons. The
presence of sodic B horizons can often be identified by the presence of a coarse
columnar or prismatic structure or a soapy feel to the soil when it is worked up with a
little moisture (as is done for feeling soil texture).

While in their natural state the risk of structural damage in these soils is minimal. The
danger arises when they are cultivated and the underlying sodic layers are exposed or
mixed with overlying A horizons. Subsequent wetting of the exposed sodic soil, either
through rainfall or irrigation, causes dispersion, structural degradation, erosion and
possible subsequent nutrient loss, organic matter and yield decline.
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The soil types considered to have the greatest potential for soil structure decline include
Coal, Strelley, Nugent, Southfork, Enfield, Daisy, Carrington and Laburnam. Other
potentially sodic soils are Churchill, Cranston, Pines, and Riversdale.

5.1.3 Minor Resource Degradation Issues

A number of minor resource degradation issues occur in the valley and are discussed
briefly here. They are considered to be only minor issues, as field work suggests that
they are of only limited extent or that the risk is low under current or likely future land
use. No maps are presented for these issues.

Inverquharity and Penrise soils are prone to wind erosion if left bare and exposed to
strong winds. Indeed, windblown sands have probably mixed with most of the soils of
the Coal River Valley, leading to sandy topsoils and duplex profiles on many of the
terraces and pediments. Where these occur on steeper gradients many of these soils are
also prone to erosion by water and even some heavier textured soils were observed to
erode after cultivation and under gun irrigation.

Some of the soils developed on sandstone, or sandstone-derived material, and that had
been under pasture for several years, showed evidence of tunnel erosion. This is
particularly evident where gradients exceed 12%.

Waterlogging is evident through the wetter months in some low lying areas on the
current flood plain of the Coal River. This includes minor swamps where soils are
intermittently saturated, together with areas of Roslyn and Churchill soils. These soils
occupy low lying positions in the landscape and tend to be slowly permeable as well as
receiving excess water from upslope. Many other soils in the valley are considered
imperfectly drained due to their clay textures, weak structure and slow permeability.
However, as many of these soils are located on mid to upper terraces and pediments
they tend to shed water rather than accumulate it and the risks are correspondingly
reduced.

5.1 Concepts for Risk Management

This project set out to identify the hazards to long term sustainable agricultural land use
in the Coal River Valley. Estimating the level of risk imposed by the hazards identified
is a more complex process and one that cannot be undertaken as part of this project as it
realistically requires a paddock by paddock assessment of land use and management as
well as the various environmental factors that can impact on that hazard. However,
some guidance can be provided for risk assessment and risk management.

The risk management process involves the analysis, evaluation and treatment of risk. It
involves determining;:

e What might happen?

How likely is it to happen?

What damage or injury might result?
How important is it?

What can be done about it?
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In most cases it is not possible to provide quantitative assessments of risk as the
necessary numerical data to permit a quantitative analysis is just not available.
Consequently only simple qualitative assessments are achievable. For example, it is
likely to be impossible to quantify the likelihood of groundwater tables rising to a level
at which they impact on the root zone of crops and pastures and a simple qualitative
assessment may be all that can be achieved. As the likely consequences of the hazards
in which we are interested are likely to be low, ie are unlikely to cause death or injury,
such a qualitative assessment is probably adequate. The following tables provide
examples of qualitative terminology and also provide a structure that can be used to
assess individual risk.

Level| Descriptor Description
A | Almost Certain | The event is expected to occur
B |Likely The event will probably occur under adverse conditions
C |Possible The event could occur under adverse conditions
D | Unlikely The event might occur under very adverse circumstances
E |Rare The event is conceivable but only under exceptional circumstances
F  |Not credible The event is inconceivable or fanciful

Table 7. Qualitative measures of likelihood

Level| Descriptor

Description

1 |Extreme

Considerable crop damage/yield loss. High cost of remedial works or remedial action
not worthwhile. Detrimental impact likely to be long lasting.

2 | Very Severe

High crop damage/yield loss. Significant costly remedial measures required.
Detrimental impacts likely to carry over into subsequent years.

3 |Severe Moderate crop damage/yield decline to salt sensitive crops which cannot be sustained
other than on an occasional basis. Minor damage to less sensitive crops. Remedial
measures costly but achievable.

4 | Minor Limited crop damage/yield loss to salt sensitive crops. Land requires minor remedial

works to ensure sustainable production.

5 |Insignificant

Minor impact. Nil or minor costs of remedial works.

Table 8. Qualitative measures of consequence

LIKELIHOOD

CONSEQUENCES to PROPERTY

1. Extreme 2. Very severe 3.Severe 4. Minor 5. Insignificant
A Almost Certain VH VH H M L
B - Likely VH H M L-M L
C - Possible H H M L VL-L
D - Unlikely M M L-M VL-L VL
E - Rare L L L VL VL
F - Not Credible VL VL VL VL VL

Table 9. Qualitative risk analysis matrix
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Risk Level Example implications

VH Very High Risk | Unacceptable. Significant yield losses. Generally very costly land
management required to reduce risk; probably too expensive or not
practical.

H High Risk Generally unacceptable. High yield losses. May require extensive land

management practices or implementation of a variety of treatment
options to reduce risks to acceptable level; may be beyond capacity of
most farmers.

M Moderate Risk Tolerable provided appropriate land management is implemented to
reduce risk. May be accepted with high management inputs probably
achievable by most farmers.

L Low Risk Usually Accepted. Some yield loss. Requires limited specific land
management to reduce risk
VL Very Low Risk | Acceptable. Minimal yield loss. No or only very minor management

practices required

Table 10. Risk level implications

Example

The likelihood of salinity developing in a certain area is considered possible under
certain adverse conditions (clearing of native vegetation, increase in irrigation use, poor
quality irrigation water, high evaporation, saline groundwater within 3 m, etc) (Level C
- Table 7). This will impact on a property growing salt sensitive crops (eg lettuces) ,
significantly reducing yields and having potential long term impacts (Level 3 - Table 8).
From Table 9, level C x level 3 = Moderate Risk (defined in Table 10).

Risk analysis alone has limited benefits and it is normal to carry the process to the next
stage of risk evaluation and risk treatment. The objective of risk evaluation is to decide
whether to accept or treat the risks and to set priorities. Risk evaluation involves making
judgements about the significance and acceptability of the estimated risk. Acceptance of
a given risk may vary from farmer to farmer depending on the likely cost of the
consequence, cost benefit ratio of accepting or treating the risk and the financial
capability of the farmer. The levels of acceptable and tolerable risk (Table 8) will
therefore also vary from farmer to farmer.

Risk treatment is the final stage of the risk management process and provides the
methodology for controlling risk. Possible options include:

e Accept the risk.

e Avoid the risk (seek an alternative site or land use).

Reduce the likelihood (use best management practice, minimise groundwater
recharge, install cut off drains etc).

Reduce the consequences (change location or adopt a less vulnerable land use).
Monitoring and evaluation to manage risk on an interim or permanent basis.
Transfer the risk (take out insurance).

Postpone the risk pending further investigation.

Choice of option will depend on relative cost benefits and individual attitudes to risk
acceptance.
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6. REGIONAL CONCLUSIONS AND
RECOMMENDATIONS

During the 21 month life of this project a number of investigations have been
undertaken to assess the impact of land use change on resource degradation and, where
hazards are identified, provide some guidelines for improved land management to
reduce the risk of further resource degradation. Of major significance in this
investigation was the assessment of salinity in the valley, using EM31 technology, soil
analysis and monitoring of groundwater bores and water quality. Other activities include
the mapping of soils, aspect and topographic gradient to provide information for
informed land use decision making, and the physical characterisation of selected soils to
assess the impact of land use change on soil structural stability.

At the outset it is emphasised that the short duration of the project makes it impossible
to identify any long term trends in salinity that might be attributable to current irrigation
practices. Nevertheless, the investigations have clearly identified the presence of a
salinity hazard in the valley, have provided an indication of the most likely areas at risk
and provide a snapshot of the current situation as a baseline for future comparison.

EM31 investigations have clearly identified the presence of salt stored in the upper 5
metres of soil material, the areas likely to be most at risk and the distribution of salt
affected areas. Such information is essential to on-farm planning and decision making.
Only with a sound understanding of the extent, distribution and severity of salinity on
individual properties can informed decisions be made with respect to land management
and irrigation. The EM31 work indicates that over 50% of the area investigated contains
at least moderate stores of salt in the top 5 metres. Most severely affected areas are the
footslopes of the dolerite hill country and the upper terraces and pediments, as this is
where groundwater tables approach the ground surface. Some lower level terraces and
flood plains also appear at risk where soils are poorly drained and evaporation leads to a
slow accumulation of salt.

The EM31 results are supported by limited soil investigations which identified moderate
to high levels of salt at some depth in the soil profile in almost 90% of the bores. Also,
of the sixteen bores established as groundwater monitoring wells, six encountered saline
groundwater within two metres. Groundwater quality, in almost every instance, was also
highly to very highly saline. Depth to groundwater appears to fluctuate on a seasonal
basis with no evidence that current irrigation is causing any degree of recharge.

Given the level of salt identified within the valley, both within the soil and groundwater,
and the often shallow depth to groundwater, it is highly likely that crop production is
being affected. However, the surface expression of salinity is not as great as might be
indicated by the data collected. This may in part be due to many of the water tables
encountered being semi confined and, as such, salt is less able to move up through the
profile to appear on the surface. Also, it seems clear that current deficit irrigation
practices are not leading to groundwater recharge. Given these factors it is suggested
that the factor most likely to impact on salinity in the Coal River Valley is not rising
saline groundwaters but the use of irrigation water of mediocre quality. Given the low
rainfall and high evaporation of the area, use of low quality irrigation water may will
lead to an accumulation of salts in the upper soil profile which are not being flushed by
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additional irrigation or winter rains. This is one area which requires additional
investigation.

The soil mapping, together with aspect and topographic gradient information, should
prove useful to land managers for on farm decision making with respect to determining
land suitability for different uses and identifying appropriate management options. Most
importantly, the soil investigation has identified a number of soils as having a
significant sodicity hazard. Sodium in soils has the capacity to cause soil structural
decline and surface crusting with consequent impacts on seedling emergence, soil
aeration and moisture movement and root penetration and development. An awareness
of the distribution of sodic soils will enable land managers to better manage their soil
types to reduce degradation risk. For sodic soils this can be achieved by not over
cultivating, avoiding mixing of sodic subsoils with less sodic A horizons, and targeting
application of lime or gypsum to reduce effects of structure decline. Irrigation of sodic
soils also requires very careful management for significant damage can be done if great
care is not taken. For example, irrigation using good quality water may lead to increased
dispersion due to the difference in sodicity concentration between the soil moisture and
the irrigation water. This problem can be somewhat overcome by shandying fresh water
with poorer quality water, thereby reducing the concentration gradient between the soil
and the water and reducing the potential for dispersion. Such techniques require very
careful management and are not suitable for irrigation of salt sensitive crops.

While small pockets of tunnel erosion were identified on some Trsl soils, and rill
erosion was observed where gun irrigators are being used on moderate slopes, there is
little evidence to suggest that intensification of land use has significantly increased
erosion or any other form of soil degradation in the valley. This may be partly due to
much of the new land incorporating crops which require little cultivation such as stone
fruit and viticulture. The investigations of the physical properties of the soils are
generally inconclusive, partly due to insufficient replications and too few soils being
investigated.

6.1 Recommendations

e Land owners are encouraged to continue with groundwater monitoring commenced
by this Department. Alternatively, regular monitoring could be undertaken by
community groups in the area. Data can be forwarded to DPIWE for storage and
evaluation. Such information will be valuable in assessing longer term trends in
depth to ground water and water quality.

e Irrigators are urged to undertake regular monitoring of irrigation water quality. Also,
actual amounts of irrigation water added on a paddock by paddock basis will be
invaluable in determining the impact of irrigation on salinity in the valley,
identifying the processes leading to salt mobilisation and assessing the leaching and
recharge potential of irrigation water. Such information can then be used to assist in
developing improved irrigation use guidelines for managing salinity and increasing
productivity.

e There is a need for a detailed investigation of salt movement to determine the likely

future impact of using high salinity (greater than 0.8 dS/m) irrigation water on the
long term salt budget.
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e Studies to quantify the yield loss given current soil salinity levels and irrigation
water quality would provide a valuable economic indication of the impact of salinity
on agriculture in the valley.
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Appendix 1

Texture Conversion Factors for Converting EC,.5to ECse

The conversion of EC;.5 values to ECse equivalent is dependent on the texture of the
particular sample concerned. The following table details the conversion factors used for
the Coal River Valley. They are based on those developed by Taylor (1993).

Texture Conversion
factor

Heavy clay 6
Medium to heavy clay 6.5
Medium clay 7
Light to medium clay 8
Light clay 8.5
Sandy clay 8
Clay loam 9
Clay loam sandy 9
Silty clay loam 9
Silty loam 10
Sandy clay loam 9
Loam 10
Sandy loam 14
Loamy sand 17
Sand 17

55



56



Appendix 2

Results of Soil Analyses Undertaken on Soil Samples from Calibration
Bores
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EM31 Calibration Bores Coal River

hole | depth [depth| Field Field |EC1:5| Conversion | ECse | ECav |ECah|Average| Average
upper |lower | moisture | Texture | dS/m factor dS/m | dS/m |dS/m | ECsev ECseh
%

1 [0.000 [0.250 31.540 MHCor | 0.166 6.500 1.079

1 10.250]0.500| 23.494 HCs 0.181 6.000 1.086

1 10.500]0.750| 17.917 LC 0.495 8.500 4.208

1 10750 11.000| 12.967 LCs 0.751 8.500 6.384

1 [ 1.000 [1.500 | 13.544 LCs 0.777 8.500 6.605

1 [ 1.500 [2.000| 16.221 LCs 0.780 8.500 6.630

1 [2.000[2.500( 18.170 CLS+ | 0.720 9.000 6.480

1 ]2.500]3.000| 21.829 CLS+ | 0.702 9.000 6.318

1 ]3.000]3.500| 20.086 SCL+ ]0.651 9.000 5.859 1.290 4.961
2 10.000]0.250| 27.366 MHC |0.133 6.500 0.865

2 10.250]0.500| 29.554 HC 0.202 6.000 1.212

2 [0.500[0.750 31.557 HC 0.908 6.000 5.448

2 [0.750 [ 1.000 [ 16.921 MC 1.110 7.000 7.770

2 | 1.000|1.500| 23.323 LMCg+ | 1.311 8.000 10.488

2 | 1.500]2.000| 25.140 LMCg [ 1.056 8.000 8.448

2 ]2.000]2.500| 25.095 MCst [ 0.950 7.000 6.650 0.550 5.840
3 [0.000 [0.250 | 33.252 MHC |0.207 6.500 1.346

3 [0.250 [0.500( 41.117 HC 0.480 6.000 2.880

3 10.500[0.750 | 29.645 HC 0.404 6.000 2.424

3 10.750 | 1.000| 25.766 HCs 0.487 6.000 2.922

3 [ 1.000 [1.500 | 17.674 fSIC 0.323 8.500 2.746

3 [ 1.500 [2.000 | 14.185 fSIC 0.254 8.500 2.159

3 [2.000 [2.500 | 13.008 LMCs |[0.219 8.000 1.752

3 ]2.500]3.000| 18.466 LMC+ | 0.189 8.000 1.512

3 13.000[3.500| 19.062 LMC+ |0.234 8.000 1.872

3 ]3.5004.000| 28.519 SCLst [ 0.152 9.000 1.368

3 [4.000 [4.500 | 49.072 LMC | 0.400 8.000 3.200

3 [4.500 [5.000 | 37.243 LMCst | 0.286 8.000 2.288 2.206
4 ]0.000 0250 | 13.863 SL 0.342 14.000 4.788

4 ]10.250 |0.500| 15.182 LC 0.248 8.500 2.108

4 [0.500 [0.750 [ 12.879 LC 0.272 8.500 2312

4 [0.750 [1.000 [ 13.356 LC 0.334 8.500 2.839

4 | 1.000 [1.500 | 14.161 MC 0.072 7.000 0.504

4 |1.500|1.800| 11.647 MHC ]0.019 6.500 0.124

5 10.000]0.250| 18.708 MC 0.093 7.000 0.651

5 10.250]0.500| 19.704 HC 0.157 6.000 0.942

5 10.500]0.750| 15.535 LMCs | 0.306 8.000 2.448

5 10.750[1.000] 9.713 MCs 0.426 7.000 2.982

5 [ 1.000 [1.500| 16.977 MCs 0.820 7.000 5.740

5 ]1.500]2.000| 18.972 MCs 0.981 7.000 6.867

5 12.000[2.500| 16.802 MCs 0.868 7.000 6.076

5 12.500]3.000| 16.387 MC 0.679 7.000 4.753

5 13.000]3.500| 18.646 MHC | 0.458 6.500 2.977

5 |3.500]4.000| 19.087 MHC | 0.434 6.500 2.821

5 [4.000 [4.500( 20.212 MHC [ 0417 6.500 2.711

5 14.500]5.000| 21.239 MHC | 0.435 6.500 2.828 1.290 3.483
8 10.000[0.250| 31.724 MC 0.338 7.000 2.366

8 10.250|0.500| 20.122 MHCs | 0.294 6.500 1911

8 10.500]0.750| 17.301 MHCs | 0.435 6.500 2.828

8 10.750|1.000| 16.710 MHCs [ 0.756 6.500 4914

8 |1.000[1.500| 16.272 MCs 0.674 7.000 4.718

8 |1.500[2.000| 14.899 MCs 0.704 7.000 4.928

8 2.500]3.000| 18.877 MHC | 0.394 6.500 2.561

8 3.000|3.500| 20.553 MC 0.515 7.000 3.605 1.010 3.479
9 10.000]0.250| 23.526 MHC | 0.495 6.500 3.218

9 [0.250[0.500| 23.597 HC 0.338 6.000 2.028

9 10.5000.750| 24.561 HC 0.706 6.000 4.236

9 10.750 | 1.000| 19.438 HC 0.786 6.000 4.716

9 11.000[1.500| 18.937 | GRAVEL|0.513 17.000 8.721

9 11.500]2.000| 20.505 HCgr [0.910 6.000 5.460

9 [2.000[2.500| 16.562 HCgr [ 0.887 6.000 5322

9 [2.500 [3.000| 13.565 CLS 0.959 9.000 8.631

9 13.000[3.500| 10.926 MC 0.811 7.000 5.677

9 13.500[4.000| 9.383 MC 0.718 7.000 5.026

9 14.000]4.500| 11.376 MC 0.588 7.000 4.116 0.820 5.196
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10 ] 0.000 | 0.250 | 25.906 MHC | 0.390 6.500 2.535

10 [ 0.250 |0.500| 25.033 HC 0.654 6.000 3.924

10 [ 0.500 (0.750 [ 21.534 HC 1.315 6.000 7.890

10 [ 0.750 [ 1.000 [ 14.447 MC 1.158 7.000 8.106

10 | 1.000 | 1.500 | 9.544 MCst | 0.724 7.000 5.068

10 | 1.500 |2.000| 9.775 MCs 0.716 7.000 5.012 0.720 5.423
11 ] 0.000 | 0.250 | 25.246 LMCor | 0.987 8.000 7.896

11 ] 0.250 | 0.500 | 20.466 HC 0.414 6.000 2.484

11 | 0.500 | 0.750 | 20.789 HC 0.674 6.000 4.044

11 [0.750 | 1.000| 19.158 MCs 0.495 7.000 3.465

11 [ 1.000 | 1.500 | 19.566 MC 0.368 7.000 2.576

11 | 1.500 | 2.000| 21.596 MC 0.359 7.000 2.513

11 ]2.000 |2.500| 21.705 MCs 0.280 7.000 1.960

11 ]2.500 |3.000| 25.404 MCs 0.392 7.000 2.744

11 |3.000 |3.500| 29.339 MC 0.419 7.000 2.933

11 |3.500 |4.000| 28.995 MC 0.614 7.000 4.298

11 [ 4.000 |4.500 | 26.499 MHC | 0.345 6.500 2.243

11 | 4.500 | 5.000| 26.499 MHC | 0.300 6.500 1.950 0.700 3.259
12 [ 0.000 | 0.250 | 18.486 CLS 0.344 9.000 3.096

12 10.250 [0.500 [ 18.774 MC 0.537 7.000 3.759

12 10.500 |0.750 | 20.822 LMCs |0.357 8.000 2.856

12 10.750 | 1.000 | 19.115 LMC 0312 8.000 2.496

12 ] 1.000 | 1.500 | 14.998 LMCg- |0.242 8.000 1.936

12 [ 1.500 | 2.000| 15.342 LMCs |0.276 8.000 2.208

12 [2.000 |2.500| 23.569 MC 0.317 7.000 2.219

12 |2.500 [3.000 | 20.283 MCg 0.458 7.000 3.206

12 13.000 |3.500| 17.772 LMCs- [ 0.414 9.000 3.726

12 ]3.500 |4.000 | 22.569 MC 0.399 7.000 2.793

12 1 4.000 |4.500| 27.873 MHC | 0.390 6.500 2.535

12 [ 4.500 | 5.000| 23.063 MHC | 0.330 6.500 2.145 1.150 2.748
13 [ 0.000 | 0.250 | 20.900 MHCs | 0.220 6.500 1.430

13 [ 0.250 | 0.500 | 23.026 HC 0.435 6.000 2.610

13 [0.500 |0.750 | 21.319 HC 1.258 6.000 7.548

13 ] 0.750 | 1.000 | 16.055 HCs 1.052 6.000 6.312

13 | 1.000 | 1.500 | 17.666 HC 1.196 6.000 7.176

13 | 1.500 | 2.000 | 25.633 HC 1.697 6.000 10.182

13 | 2.000 |2.500| 26.207 HC 1.905 6.000 11.430

13 | 2.500 |3.000| 29.110 HC 1.853 6.000 11.118

13 | 3.000 | 3.500 | 28.820 HC 1.938 6.000 11.628

13 | 3.500 | 4.000 | 29.806 MC 1.867 7.000 13.069

13 | 4.000 | 4.500 | 27.684 MHC 1.935 6.500 12.578

13 | 4.500 | 5.000| 26.995 MHC 1.939 6.500 12.604 1.900 8.974
14 10.000 [0.250 [ 22.384 ZCL 0.592 9.000 5.328

14 ]0.250 [0.500 [ 14.627 ZCL 0.406 9.000 3.654

14 1 0.500 |0.750| 6.583 ZLst 0.230 10.000 2.300

14 0.750 | 1.000| 6.119 ZLst 0.164 10.000 1.640

14 | 1.000 [1.500( 8.346 [GRAVEL|0.219 17.000 3.723

14 | 1.500 [2.000 8.097 MCst | 0.234 7.000 1.638

14 |2.000 [2.500 11.650 MCst [ 0.296 7.000 2.072

14 ]2.500 |3.000 | 14.020 MC 0.347 7.000 2.429 0.550 2.848
15 ] 0.000 | 0.250 | 18.789 MHC | 0.306 6.500 1.989

15 1 0.250 |1 0.500 | 19.636 HC 0.415 6.000 2.490

15 | 0.500 | 0.750 | 17.248 HC 0.738 6.000 4.428

15 |0.750 | 1.000 | 14.053 LC 0.801 8.500 6.809

15 | 1.000 | 1.500 | 17.757 HC 1.041 6.000 6.246

15 | 1.500 | 2.000 | 19.807 HC 0.929 6.000 5.574

15 ] 2.000 |2.500| 18.055 MCst 1.362 7.000 9.534

15 ] 2.500 |3.000| 21.466 HC 0.726 6.000 4.356

15 |3.000 |3.500| 17.392 MHCst | 0.827 6.500 5.376

15 |3.500 |4.000| 17.136 MHC | 0.869 6.500 5.649

15 | 4.000 |4.500| 19.590 MHCst | 0.753 6.500 4.895

15 [ 4.500 |5.000| 18.686 MHCg | 0.785 6.500 5.103 1.630 5.204
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16 ]0.000]0.250| 19.897 MC 0.295 7.000 2.065
16 10.25010.500| 27.005 HC 0.587 6.000 3.522
16 ]0.500]0.750 | 23.832 HC 1.168 6.000 7.008
16 10.750 | 1.000 | 19.471 HC 1.359 6.000 8.154
16 |1.000 | 1.500| 23.792 HC 1.711 6.000 10.266
16 | 1.500 |2.000| 23.987 HC 1.560 6.000 9.360
16 ]2.000]2.500| 16.230 LMCs | 1.037 8.000 8.296
16 |2.500]3.000| 18.877 MHC 1.164 6.500 7.566
16 |3.000]3.500| 13.033 MHCst | 1.013 6.500 6.585
16 |3.500 |4.000| 17.272 HC 0.629 6.000 3.774
16 |4.000|4.500| 13.979 MCst [ 0.522 7.000 3.654
16 |4.500]5.000| 13.737 MC 0.682 7.000 4.774 1.100 6.252
17 10.000 |1 0.250 | 16.167 CLS 0.198 9.000 1.782
17 10.250 10.500 | 20.263 MCs 0.259 7.000 1.813
17 10.500 ]10.750 | 18.604 MHCs | 0.459 6.500 2.984
17 10.750 [ 1.000 | 10.725 LMC- |0.423 8.000 3.384
17 | 1.000 [ 1.500 | 7.426 SC 0.390 7.000 2.730
17 | 1.500 |2.000 | 14.342 MC+ | 0.459 7.000 3.213
17 12.000 |2.500| 12.556 LMC+ |0.255 8.000 2.040
17 12.500|3.000| 12.159 MC+ | 0.288 7.000 2.016
17 13.000 |3.500| 11.373 MCs 0.466 7.000 3.262
17 |3.500 [4.000| 11.921 MCg 0.379 7.000 2.653
17 | 4.000 [4.500 | 16.452 MHC+ |0.214 6.500 1.391
17 |4.500 |5.000| 12.638 LMCg+ | 0.294 8.000 2.352 0.770 2.468
18 10.000 ]0.250 | 24.548 MHC ]0.314 6.500 2.041
18 10.25010.500| 32.615 HC 0.736 6.000 4.416
18 10.500 |0.750 | 29.521 HC 1.042 6.000 6.252
18 10.750 | 1.000 | 23.661 HC 1.262 6.000 7.572
18 ] 1.000 | 1.500 | 27.347 MHC 1.011 6.500 6.572
18 | 1.50012.000| 26.586 MC 1.126 7.000 7.882
18 12.000]2.500| 23.278 MC 0.813 7.000 5.691
18 12.500 13.000| 18.535 MC 0.592 7.000 4.144
18 ]3.000]3.500| 17.070 MC 0.641 7.000 4.487
18 ]3.500 14.000| 15.610 MC 0.627 7.000 4.389
18 |4.000 |14.500| 12.564 CLS 0.486 9.000 4.374
18 |4.500|5.000]| 8.513 MC 0.379 7.000 2.653
19 10.000 | 0.250 | 26.123 MHC ] 0.599 6.500 3.804
19 10.250 [0.500| 31.015 HC 1.156 6.000 6.936
19 10.500 [0.750 | 26.093 HC 1.425 6.000 8.550
19 10.750 1 1.000 | 17.523 MHC 1.113 6.500 7.235
19 | 1.000 | 1.500| 17.907 MC 0.826 7.000 5.782
19 | 1.500 |2.000| 15.895 MC 0.780 7.000 5.460
19 12.000 |2.500| 15.472 MC 0.614 7.000 4.298
19 12.500 |3.000| 19.366 MC 0.477 7.000 3.339
19 |3.000 [3.500| 18.263 MC 0.496 7.000 3.472
19 |3.500 14.000| 21.288 MC 0.699 7.000 4.893
19 | 4.000 |4.500| 21.863 MHC | 0.361 6.500 2.347
19 | 4.500 |4.800| 24.209 SL 0.000
20 ]0.000]0.250| 20.238 HC 0.142 6.000 0.852
20 ]0.250 10.500 | 21.668 MC 0.190 7.000 1.330
20 ]0.50010.750| 19.070 MC 0.356 7.000 2.492
20 1 0.750 | 1.000| 9.441 MCs 0.427 7.000 2.989
20 ] 1.000 | 1.500| 20.907 MHC | 0.866 6.500 5.629
20 | 1.500 |2.000| 28.601 HC 1.133 6.000 6.798
20 |2.000 |2.500| 40.102 HC 0.298 6.000 1.788
20 |2.500|3.000| 41.434 HC 1.418 6.000 8.508
20 |3.000]3.500| 39.184 HC 0.195 6.000 1.170
20 |3.500 |14.000| 31.383 HC 1.020 6.000 6.120
20 |4.000 |4.500| 30.512 HC 1.261 6.000 7.566
20 |4.500]5.000| 26.385 HC 1.176 6.000 7.056 0.850 4.358
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CG1 |0.000]0.250 [ 18.472 MC 0.119 7.000 0.833
CG1 ]0.250]0.500 [ 18.816 MC 0.221 7.000 1.547
CG1 ]0.500]0.750 [ 18.601 MC 0.276 7.000 1.932
CG1 |0.750 | 1.000 [ 18.254 MC 0.268 7.000 1.876
CG1 |1.000|1.500 [ 15.659 MC 0.326 7.000 2.282
CG1 |1.500]2.000 | 18.673 MC 0.130 7.000 0.910
CG1 |2.000]2.500 | 18.951 LMC |0.158 8.000 1.264
CG1 |2.500]3.000 | 15.120 SCL 0.140 10.000 1.400
CG1 |3.000]3.500 [ 16.764 LC 0.093 8.500 0.791
CG1 |3.500|4.000 [ 23.323 LMC |0.224 8.000 1.792 0.350] 0.210 1.463 1.560
CG10 [0.000 [ 0.250 | 31.045 MHC | 0.538 6.500 3.497
CG10 [ 0.250 [ 0.500 | 38.489 HC 0.352 6.000 2.112
CG10 [ 0.500 [ 0.750 | 31.342 HC 0.486 6.000 2916
CG10 | 0.750 | 1.000 | 30.083 HC 0.766 6.000 4.596
CG10 | 1.000 | 1.500 | 24.589 HC 1.109 6.000 6.654
CG10 | 1.500 | 2.000 | 19.074 HC 1.129 6.000 6.774
CG10 [2.000 |2.500 | 21.815 MHC 1.160 6.500 7.540
CG10 [2.500 | 3.000 | 21.029 MHC | 0.889 6.500 5.779
CG10 | 3.000 | 3.500 | 21.133 MC 0.656 7.000 4.592
CG10 | 3.500 [ 4.000 | 20.837 MC 0.612 7.000 4.284
CG10 | 4.000 [ 4.500 | 32.398 MC 0.693 7.000 4.851
CG10 [4.500 | 5.000 | 26.522 MC 0.798 7.000 5.586 1.700| 1.300( 4.932 4.420
CG11 0.000 [ 0.250 | 17.826 MC 0.119 7.000 0.834
CG11 /0.250 [ 0.500 | 13.837 MC 0.070 7.000 0.487
CG11 /0.500 [ 0.750 | 12.890 MC 0.060 7.000 0.419
CG11]0.750 [ 1.000 | 12.300 MC 0.062 7.000 0.437
CG11 | 1.000 [ 1.500 | 14.995 LC 0.146 8.500 1.241
CG11 | 1.500 [ 2.000 | 16.290 MC 0.141 7.000 0.986
CG11 [2.000 [2.500 | 21.977 CLS 0.061 9.000 0.548
CG11 [2.500 [ 3.000 | 24.741 LS 0.077 17.000 1.302
CG11 |3.000 [3.500 | 21.433 SL 0.068 14.000 0.946 0.200] 0.100|  0.800 0.730
CG12 [0.000 [ 0.250 | 9.508 S 0.071 17.000 1.207
CG1210.250 (0.500 | 11.152 S 0.130 17.000 2210
CG12 |0.500 [ 0.750 | 13.935 SL 0.197 14.000 2.758
CG12 | 0.750 | 1.000 | 14.447 SCL 0.208 9.000 1.872
CG12 | 1.000 | 1.500 | 15.914 SCL 0.169 9.000 1.521
CG12 | 1.500 [ 2.000 | 21.541 SCL 0.184 9.000 1.656
CG12 [2.000 | 2.500 | 24.510 SCL 0.240 9.000 2.160
CG12 |2.500 | 3.000 | 23.319 SCL 0.177 9.000 1.593
CG12 |3.000 | 3.500 | 29.857 LC 0.214 8.500 1.819
CG12 | 3.500 [ 4.000 | 25.160 MC 0.201 7.000 1.407 0.520] 0.310 1.820 1.870
CG1310.000 [ 0.250 | 34.008 HC 0.120 6.000 0.722
CG13 10.250 [ 0.500 | 33.095 HC 0.173 6.000 1.037
CG13 10.500 [ 0.750 | 36.277 HC 0.267 6.000 1.602
CG13 10.750 | 1.000 | 44.239 HC 0.786 6.000 4.716
CG13 | 1.000 [ 1.500 | 38.751 HC 1.025 6.000 6.150
CG13 | 1.500 [ 2.000 | 45.445 HC 1.618 6.000 9.708
CG13 12.000 [2.500 | 45.613 HC 1.500 6.000 9.000
CG13 [2.500 | 3.000 | 33.901 HC 1.029 6.000 6.174
CG13 3.000 [ 3.500 | 39.407 HCgr 1.225 6.000 7.350
CG13 |3.500 [ 4.000 | 30.443 MC 1.120 7.000 7.840
CG13 |4.000 [ 4.500 | 29.502 MC 0.958 7.000 6.706
CG13 |4.500 [ 5.000 | 24.745 MC 0.823 7.000 5.761 1.800] 1.250|  5.564 3.990
CG14 10.000 [ 0.250 | 29.580 MHC |0.199 6.500 1.294
CG1410.250 [ 0.500 | 27.764 MHC | 0.155 6.500 1.008
CG14 10.500 [ 0.750 | 22.915 MHC |0.175 6.500 1.138
CG14 10.750 | 1.000 | 28.571 0.280 6.500 1.820 0.650] 0.400 1315 1.310
CG1510.000 [0.250 | 17.798 MHC | 0.145 6.500 0.941
CG15]0.250 [ 0.500 | 14.258 MHC | 0.474 6.500 3.081
CG1510.500 [ 0.750 | 15.140 MC 0.558 7.000 3.906
CG15 [0.750 [ 1.000 | 12.921 MC 0.582 7.000 4.074
CG15(1.000 [ 1.500 | 13.734 MC 0.608 7.000 4.256
CG15 | 1.500 [2.000 | 12.070 MC 0.492 7.000 3.444
CG152.000 [2.500 | 11.415 MC 0.537 7.000 3.759 1.650] 1.150|  3.352 3.280
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CG16 [0.000 | 0.250 | 45.785 MC 0.658 7.000 4.606

CG16 [0.250]0.500 | 28.329 LMC 0.438 8.000 3.504

CG16 [0.500|0.750 | 29.475 MC 0.701 7.000 4.907

CG16 [0.750|1.000 | 32.830 MC 0.842 7.000 5.894

CG16 | 1.000 | 1.500 | 33.333 MHC [2.219 6.500 14.424

CG16 [ 1.500]2.000| 36.350 HC 2.175 6.000 13.050

CG16 [2.000|2.500 | 36.281 HC 2.062 6.000 12.372

CG16 [2.500|3.000 | 37.773 HC 1.587 6.000 9.522

CG16 [3.000|3.500 | 35.953 HC 1.703 6.000 10.218

CG16 [3.500|4.000 | 39.459 HC 1.945 6.000 11.670

CG16 [4.000 | 4.500 | 43.363 HC 1.966 6.000 11.796

CG16 [4.500|5.000| 48.119 HC 1.496 6.000 8.976 2.350| 1.700(  9.245 7.730

CG17 [0.000|0.250 | 21.337 MC 0.153 7.000 1.068

CG17 [0.250|0.500 | 15.505 MC 0.631 7.000 4.417

CG17 [0.500 | 0.750 | 29.475 MC 0.636 7.000 4.452

CG17 (0.750 | 1.000 | 12.273 MC 0.649 7.000 4.543

CG17 [ 1.000 | 1.500 | 11.662 MC 0.709 7.000 4.963

CG17 [ 1.500]2.000| 13.679 MC 0.681 7.000 4.767 4.035

CG18 [0.000 | 0.250 | 17.306 HC 0.529 6.000 3.174

CG18 [0.250]0.500 | 17.895 HC 0.987 6.000 5.922

CG18 [0.500]0.750 | 20.512 HC 1.189 6.000 7.134

CG18 [0.750 | 1.000 | 24.456 HC 1.337 6.000 8.022

CG18 [ 1.000 | 1.500 | 22.715 HC 1.510 6.000 9.060

CG18 [ 1.500 | 2.000 | 39.661 HC 0.505 6.000 3.030

CG18 [2.000 | 2.500 | 30.648 HC 1.793 6.000 10.758

CG18 [2.500|3.000 | 23.605 HC 1.269 6.000 7.614 1.350] 0.950( 6.839 6.060

CG20 [ 0.000 | 0.250 | 19.968 MHC |0.208 6.500 1.352

CG20 [0.250]0.500 | 22.559 MHC | 0.479 6.500 3.114

CG20 [ 0.500|0.750 | 18.521 HCgr [ 0.546 6.000 3.276

CG20 [0.750 | 1.000 | 18.750 HCgr [ 0.057 6.000 0.342

CG20 | 1.000 | 1.500 | 19.045 HC 0.018 6.000 0.108

CG20 [ 1.500|2.000 | 15.156 HCst 0.018 6.000 0.108

CG20 [ 1.500|2.000 | 36.350 HC 2.175 6.000 13.050

CG20 [2.000|2.500 | 15.038 HCst 0.041 6.000 0.246

CG20 [2.500|3.000 | 13.929 HCst 0.020 6.000 0.120

CG20 (3.000|3.500 | 14.247 | MHCst | 0.415 6.500 2.698

CG20 [3.500|4.000| 13.617 | MHCst | 0.264 6.500 1.716

CG20 [4.000|4.500 | 13.994 | MHCst | 0.249 6.500 1.619

CG20 [4.500]5.000| 12.858 | MHCst [ 0.230 6.500 1.495 0.640| 0.500 2.249 3.050

CG21 [0.000|0.250 | 25.301 MHC ]0.143 6.500 0.928

CG21 [0.250 | 0.500 | 28.488 MHC |0.149 6.500 0.968

CG21 [0.500(0.750 | 36.172 HC 0.329 6.000 1.974

CG21 [0.750 | 1.000 | 43.746 HC 1.214 6.000 7.284

CG21 [ 1.000 | 1.500 | 44.083 HC 1.387 6.000 8.322

CG21 [ 1.500 | 2.000 | 34.902 HC 0.711 6.000 4.266

CG21 (2.000|2.500 | 36.281 HC 0.746 6.000 4.476

CG21 [2.500|3.000 | 39.925 MHC ]0.614 6.500 3.991

CG21 [3.000|3.500 | 51.105 MHC | 0.563 6.500 3.660

CG21 [3.500|4.000 | 50.457 MHC [ 0.773 6.500 5.025 1.650| 1.150(  4.090 3.960

CG22 [0.000 | 0.250 | 4.050 SL 0.058 14.000 0.806

CG22 (0.250 | 0.500 | 11.428 LC 0.157 8.500 1.337

CG22 (0.500]0.750 | 9.272 MC 0.181 7.000 1.265

CG22 (0.750 | 1.000 | 10.305 MCst | 0.227 7.000 1.586

CG22 [ 1.000 | 1.500 | 19.850 Lst 0.463 10.000 4.630

CG22 [ 1.500|2.000 | 11.234 SCLst | 0.318 9.000 2.862

CG22 (2.000|2.500 | 13.376 0.341 9.000 3.069 0.520] 0.280 2.222 2.080

CG23 [0.000]0.250 | 4.666 LS 0.108 17.000 1.836

CG23 [0.250]0.500 | 4.569 LS 0.057 17.000 0.969

CG23 [0.500]0.750 | 8.236 SCL 0.207 10.000 2.070

CG23 [0.750]1.000 | 6.385 SL 0.126 14.000 1.764

CG23 [ 1.000]1.500| 7.338 ZCL 0.194 9.000 1.746 0.220] 0.110 1.677 1.680

CG3 ]0.0000.250 | 18.189 ZCL 0.360 9.000 3.240

CG3 ]0.250 [ 0.500 | 20.698 HC 0.127 6.000 0.759

CG3 ]0.500[0.750 | 19.847 HC 0.169 6.000 1.013

CG3 ]0.750 | 1.000 | 17.445 HC 0.156 6.000 0.933

CG3 |1.000 | 1.500 | 14.991 MHC ]0.139 6.500 0.902

CG3 |1.500|2.000 | 12.666 MC 0.146 7.000 1.023

CG3 ]2.000|2.500 | 12.757 MC 0.152 7.000 1.064

CG3 |2.500(2.750 | 10.729 MC 0.154 7.000 1.079 0.460| 0.280 1.252 1.310
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CG5 ]0.000]0.250 [ 22.930 HC 0.189 6.000 1.134
CG5 ]0.250]0.500 [ 23.481 HC 0.216 6.000 1.296
CG5 ]0.500]0.750 [ 23.686 HC 0.258 6.000 1.548
CG5 ]0.750 | 1.000 [ 23.761 HC 0.323 6.000 1.938
CG5 |1.000]1.500 [ 21.732 HC 0.760 6.000 4.560
CG5 |1.500]2.000  12.360 MHC | 0.583 6.500 3.790 0.200] 0.080| 2.378 2.380
CG6 |0.000]0.250 [ 31.736 MHC | 0311 6.500 2.022
CG6 |0.250]0.500 [ 37.637 MHC |0.334 6.500 2.171
CG6 |0.500]0.750 [ 29.736 MHC | 0.423 6.500 2.750
CG6 |0.750 ] 1.000 [ 29.570 HC 1.187 6.000 7.122
CG6 |1.000 | 1.500 [ 34.870 HC 2.960 6.000 17.760
CG6 |1.500]2.000 [ 31.285 HC 1.332 6.000 7.992
CG6 |2.000]2.500 [ 33.880 MHC |0.778 6.500 5.057
CG6 |2.500]3.000 [ 32.470 HC 0.750 6.000 4.500
CG6 |3.000]3.500 [ 33.554 MHC | 0.614 6.500 3.991
CG6 |3.500|4.000 [ 37.436 MHC | 0.642 6.500 4.173
CG6 |4.000|4.500 [ 43.367 MHC |0.814 6.500 5.291
CG6 |4.500|5.000 [ 36.005 MHC | 0.620 6.500 4.030 1.530| 1.150( 5.572 6.640
CG7 ]0.000]0.250 [ 36.315 HC 0.191 6.000 1.145
CG7 ]0.250]0.500 [ 34.966 HC 0.232 6.000 1.393
CG7 ]0.500]0.750 [ 33.554 HC 0.389 6.000 2.334
CG7 ]0.750 | 1.000 [ 35.121 HC 0.509 6.000 3.054
CG7 |1.000 | 1.500 [ 34.523 HC 0.767 6.000 4.602
CG7 |1.500]2.000 [ 32.090 HC 0.967 6.000 5.802
CG7 |2.000]2.500 [ 30.667 HC 0.973 6.000 5.838
CG7 |2.500]3.000 [ 29.340 HC 1.101 6.000 6.606 1.700] 1.400|  3.847 3.060
CG8 |0.000]0.250 [ 31.183 HC 0.038 6.000 0.228
CG8 |0.250]0.500 [ 29.072 HC 0.041 6.000 0.246
CG8 |0.500]0.750 [ 31.250 HC 0.019 6.000 0.114
CG8 |0.750 | 1.000 [ 32.768 HC 1.697 6.000 10.182
CG8 |1.000|1.500 [ 31.032 HC 2.230 6.000 13.380
CG8 |1.500]2.000 [ 33.998 HC 0.038 6.000 0.228
CG8 |2.000]2.500 [ 26.975 HC 1.696 6.000 10.176
CG8 |2.500]3.000 [ 29.558 HC 1.865 6.000 11.190
CG8 |3.000|3.500 [ 28.453 HC 1.700 6.000 10.200
CG8 |3.500|4.000 [ 28.363 HC 1.787 6.000 10.722
CG8 |4.000|4.500 [ 22.473 HC 1.480 6.000 8.880
CG8 |4.500]5.000 [ 30.332 HC 1.613 6.000 9.678 2.500| 1.800( 7.102 4.060
CG9 |0.000]0.250 [ 25.272 MC 0.418 7.000 2.926
CG9 ]0.250]0.500 [ 25.022 MHC |0.182 6.500 1.183
CG9 ]0.500]0.750 [ 32.631 HC 0.226 6.000 1.356
CGY ]0.750 | 1.000 [ 34.652 HC 0.652 6.000 3912
CG9 [1.000]1.500| 29.392 HC 1.228 6.000 7.368
CG9 |1.500]2.000 [ 19.982 HC 0.974 6.000 5.844
CG9 |2.000]2.500 [ 21.326 HC 0.873 6.000 5.238
CG9 |2.500|3.000 [ 22.008 HC 0.967 6.000 5.802
CG9 |3.000]3.500 | 21.281 HC 0.886 6.000 5.316 1.700] 1.150|  4.327 3.765
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Appendix 3

Results of Analysis of Rainfall Samples

Coal River Valley Rainfall Samples

Property | Month | ECf | Volume | Rainfall BoM LabEC | LabNa |Lab Cl | Salt Content | Salt load
dS/m (ml) equiv recording dS/m mg/l mg/l | mg/l (EClab kg/ha
(mm) dS/mx640)
Lowdina Sept | 0.026 510 28.85 25.20 0.026 1.1 1.8 16.64 4.74
Lowdina Oct 0.012 1348 76.25 68.80 0.013 1.1 3.5 8.32 6.05
Lowdina Nov | 0.011 1735 98.14 92.20 0.014 0.9 1.8 8.96 6.78
Lowdina Dec 0.017 995 56.28 36.80 0.019 1.2 1.8 12.16 6.27
Lowdina Jan 0.013 1075 60.81 77.40 0.014 2.6 1.8 8.96 4.98
Lowdina Feb 0.036 600 33.94 40.40 0.036 5.8 14.8 23.04 7.88
Lowdina Mar | 0.029 250 14.14 26.60 0.024 2.2 5.3 15.36 2.59
Lowdina Apr 0.074 94 5.32 8.00 0.058 5.2 n/a 37.12 2.50
Lowdina May | 0.044 264 14.93 18.6 0.038 3 5.3 24.32 4.24
Lowdina June | 0.023 735 41.58 524 0.021 2.9 7.1 13.44 6.20
Lowdina July | 0.025 280 15.84 19.6 0.025 33 5.3 16 2.53
Lowdina | August | 0.01 581 32.86 37.6 0.01 1 3.6 6.4 2.10
Lowdina Sept | 0.023 798 45.14 57.6 0.034 3.5 5.3 21.76 6.62
Lowdina Oct 0.017 600 33.94 42.6 0.018 2.2 5.3 11.52 3.63
Lowdina Nov | 0.052 280 15.84 17.8 0.056 5.9 12.5 35.84 5.27
Strathayr Sept | 0.022 407 23.02 31.10 0.027 1.2 3.5 17.28 3.29
Strathayr Oct 0.022 1560 88.24 97.20 0.02 1.5 5.3 12.8 12.48
Strathayr Nov | 0.028 2500 141.41 114.80 0.033 1.4 1.8 21.12 25.25
Strathayr Dec 0.132 1136 64.26 50.20 0.158 2.9 8.9 101.12 54.12
Strathayr Jan 0.014 1567 88.64 93.60 0.018 2.1 8.9 11.52 8.06
Strathayr Feb 0.052 470 26.59 28.00 0.049 9.2 12.5 31.36 8.76
Strathayr Mar | 0.076 195 11.03 11.60 0.061 3.6 8.9 39.04 5.39
Strathayr Apr 0.095 70 3.96 5.40 0.078 7.7 n/a 49.92 2.42
Strathayr May | 0.022 270 15.27 19.00 0.019 1.9 5.3 12.16 2.16
Strathayr June | 0.028 830 46.95 53.40 0.025 3.8 8.9 16 8.50
Strathayr July | 0.014 345 19.52 0.014 1.7 1.8 8.96 1.72
Strathayr | August | 0.01 735 41.58 47.60 0.012 1.3 1.8 7.68 2.71
Strathayr Sept | 0.025 975 55.15 64.40 0.026 3.5 7.1 16.64 8.72
Strathayr Oct 0.154 940 53.17 52.40 0.149 3.7 23 95.36 52.27
Strathayr Nov | 0.094 253 14.31 0.121 8.5 16 77.44 8.61
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Appendix 4

Major Soils of the Coal River Valley

The following pages describe the major soil types identified within the Coal River
Valley. The majority of the soil profile descriptions and all the soil chemistry are
derived from Holtz (1987).
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Soils of the Aeolian Deposits

Inverquharity SPC

Concept Neutral, 'bright red brown' sand uniform (sandy with clay bands),
developed on aeolian dunes

Aust. Soil Classification Orthic Tenosol (various depending on nature of A2 and lateral variation in
B horizon thickness and texture).

Principal Profile Form  Dr4.62, Dy4.82, Gn2.15, Uc4

Parent Material Windblown sand
Landform Undulating sand dunes above floodplain up to Sm deep and with slopes of
around 15%.
Drainage Well drained
— Ocm
AP AP Horizon - 7.5YR 3/2 to 7.5YR 4/3; LS to LfS; single grain, pH

5.8-6.5; clear to

A2 — 30 A2 horizon - 7.5 YR 5/4, 10YR 5/5 to &.5YR 6/5; LS, LfS to S,
N single grain, may be bleached; pH 6.2-7.0; clear to
B — B horizon 5YR 4/4, 7.5YR 4/6 to 5YR 5/7; SC, SCL to SL,
massive to weak subangular blocky; pH 7.0-8.0; clear to
— 60
C _ C horizon -10YR 5/4, 7.5YR 5/6 to 10YR 6/6; LS to S, single
grain; pH 7.5-8.0
— 90cm

Sample [pH |[EC [%Cl |%C |OM |Avail [Avail %P |%S |mequ |mequ |mequ jmequ |ESP
Depth % |P K K Ca [Mg |[Na
0-10 6.0 10.04 ]0.001 |1.8 3.1 [34 |583 0.035(0.023 [4.56 |[3.80 [2.93 |0.83
15-25 15.7 10.02 [0.001 |0.46 (0.8 [12 (206 [0.023]0.013 [3.05 |3.20 |3.32 |0.74
30-40 (6.3 ]0.02 [0.003 ]0.46 0.8 179 10.02210.019 (3.10 |5.45 |[4.14 |0.78
42-48 16.8 10.03 [0.001 [0.58 |1 121 ]0.023[0.024 |13.26 [9.60 [6.25 |[1.04
50-60 (7.2 ]0.03 [0.001]0.46 0.8 100 ]0.022(0.022 |12.95 [8.90 |[6.18 [1.04
80-90 (7.4 ]0.03 [0.001]0.17 0.3 71 0.019]0.016 [2.41 ]6.65 |5.25 [0.91
110-120(7.5 10.02 [0.001 |0.17 0.3 64 0.019]0.017 [2.56 6.95 |5.46 |1.00
170-180(7.7 10.02 [0.001 |0.17 0.3 79 0.018]0.015 [2.54 ]6.60 [5.21 |1.13

NIN|IN|WIN|I|—
NN NN ||

Sample |Coarse |Fine |Silt |Clay
Depth |Sand |Sand
0-10 41 41
15-25 |43 44
30-40 |50 32
42-48 |40 30
50-60 |38 33
80-90 |40 41
110-120 |44 38
170-180 |39 44

(=)

NN ||| |=|0| O
[\
—_
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Penrise SPC

Concept

Aust. Soil Classification
Principal Profile Form
Parent Material

Neutral, 'red-brown,' fine sand, uniform, minimal profile development, formed on
aeolian coversand.
Basic arenic orthic Tenosol

UCs.11

Quaternary Aeolian sand

Landform: Coversands on gently undulating flats and sides of adjacent hills; occasionally as
small dunes.
Drainage Well drained.
— Ocm
AP _ AP horizon - 7.5YR 2/2 TO 5YR 3/3; LfS to LS single grain, loose;
ph 5.8-6.0; clear to
B2 — 30 B2 horizon - 7.5YR % to 7.5YR 4/6; L{S; single grain; pH6.5-7.7;
_ gradual to
— 60
C _ C horizon - 7.5YR 5/6 to 10YR 6/4; LfS to LS; single grain; pH 7.0-
8.0
— 90
Sample |pH |[EC [%Cl [%C |OM |Avail [Avail (%P |%S [mequ [mequ [mequ |mequ |ESP
Depth P K K Ca Mg Na
0-10 6 10.06 |0 1.69 2.9 |33 322 10.031]0.027]2.72 |5.55 [1.89 1.13 ]0.10
15-25 5.6 10.03 |0 1.1 1.9 |28 317 10.024]0.021]2.28 [2.65 [1.82 1.13 ]0.14
30-40 5.8 10.01 |0 0.7 1.2 |13 206 10.018]0.016(2.15 |1.85 ]2.00 1.13 ]0.16
80-90 6.4 10.01 |0 0.58 |1 2 128 10.011]0.013]|1.87 ]2.30 [1.93 1.09 10.15
110-120 ]7.1 ]0.02 {0.001 [0.7 1.2 |3 94 0.012(0.016(2.36  [4.35 |3.25 1.26 10.11
140-150 |7 ]0.05{0.002 [0.58 |1 3 128 10.013]0.022]2.51 |5.00 [5.36 1.74 10.12
160-170 7.1 10.04 [0.001 [0.76 1.3 |2 83 0.009(0.015{1.56 12.00 |2.00 1.35 10.20
190-200 7.2 10.04 [0.002 [0.76 1.3 |2 117 10.007]0.017]1.90 {3.00 [2.86 1.61 ]0.17
210-220 7.2 10.04 {0.001 (0.7 |1.2 |2 139 10.008]0.047]2.31 [4.95 [4.82 2.70 10.18
250-260 7.2 10.03 10.002 0.7 |1.2 |2 133 ]10.008]0.018]2.56 |5.05 [5.46 2.09 |0.14
Sample |Coarse |Fine Silt  |Clay
Depth Sand  |Sand
0-10 30 56 4 8
15-25 27 61 3 8
30-40 23 68 3 4
80-90 16 76 4 4
110-120 |13 71 3 13
140-150 |4 70 5 21
160-170 |7 72 9 12
190-200 |8 62 6 25
210-220 |10 51 5 32
250-260 [10 50 8 31
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Soils of the Floodplains and Terraces

Stockdale SPC

Concept

Aust. Soil Classification

Principal Profile Form
Parent Material

Neutral 'brown,' structured, sandy clay loam to fine sandy clay loam, uniform,
developed on floodplain alluvium
Melanic Eutrophic Black to Brown Dermosol

Umb5,

Quaternary alluvium

Um6

Landform Floodplain subject to occasional flooding.
Drainage Imperfectly to poorly drained
—  Ocm
All | A11 horizon - 10YR 3/1, 3/2 to 7.5YR 4/2, SCL, fSCL to SC; weak
to moderate, 2-5 mm cast and granular; hard setting; pH 6.0-6.2;
2A1 - clear to
— 30 2A12 horizon - May have 2A12, 10YR 3/2, 4/3; SL to 1SCL; single
| grain to weak 2-5 mm cast;pH 6.0-6.5; clear to
B2,2B2 L B2, 2B2 horizon - May have B2, 2B2, 10YR 3/1, 3/2; fSCL to IC;
moderate 10-20mm subangular blocky; pH 6.5-7.5; clear to
— 60
D B D horizon - May range from 10YR 2/1; 1C to IMC; pH 7.5-8.2 to
— 90 10YR 3/1, 4/3; SC to SCL;pH 7.0-7.8
— 120
Sample [pH [EC [%Cl |%C |OM |Avail (Avail |%P |%S |[mequ [mequ [mequ [mequ |ESP
Depth P K K Ca Mg Na
3-11 6.4 (0.1 10.001 [2.21|3.8 (17 189 10.035]0.042(2.33  [15.00 |4.68 1.70  [0.07
20-30  [6.2 |0.08|0.001 |1.69(2.9 |8 122 10.037]0.038(2.33  [16.65 [4.82 1.78 0.07
35-45 |52 (0.4 ]0.001 |2.09|3.6 (10 133 10.04 |0.034(2.54 [18.70 |4.82 1.70  [0.06
55-65 6.7 [0.04]0.002 |1.45|2.5 (18 104 0.039]0.028(2.26  [16.00 [4.21 1.57  [0.07
84-94 |7 [0.03]0.002 [1.45]|2.5 |15 109 0.038]0.029(2.64 [18.35 |5.18 1.65 0.06
Sample [Coarse |Fine |Silt |[Clay
Depth |Sand  [Sand
3-11 5 64 7 22
20-30 |5 61 11 22
3545 |6 60 10 |21
55-65 |5 63 12 19
84-94 |3 63 10 |20
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Roslyn SPC

Concept

Aust. Soil Classification

Principal Profile Form
Parent Material

Neutral to alkaline, 'dark,' structured clay loam to light clay, uniform to gradational,
developed on floodplain alluvium.

Gn3.42, Uf6.32
Quaternary alluvium

Pedaric Black or Brown Dermosol

Landform Flood plains
Drainage: Well drained
— Ocm
A A horizon - 10YR 2/1, 2/2 to 7.5YR 3/1, 3/2; 1C, 1Cs to CLs;
- moderate 2-5mm cast and granular; weak self-mulching to weak
_ hardsetting; occasional weak surface cracking; pH 6.0-6.5; gradual to
— 30
Upper B - Upper B horizon - 10YR 2/1, 3/1 to 7.5YR 2/2, 3/2 ; 1C, ImC to mC;
_ strong 5-10 mm granular to subangular blocky, pH 6.5-7.5; gradual to
— 60
Lower B - Lower B horizon - May have lower B2 - 10YR 3/1 to 10YR 5/2;
_ may have 10-20% medium, distinct yellow and grey mottles; 1C,
ImC; may have 2-10% calcareous soft segragations or nodules; pH
— 90 7.8-8.3; gradual to
D
- D horizon - 7.5YR 3/2 to 4/4 to 10YR 5/4; ICs, SC, SC, SCL; rarely
— has few rounded large pebbles; massive to weak; pH 7.0-8.2
— 120
Sample [pH [EC [%Cl |%C |OM |Avail |Avail |%P |%S [mequ |mequ |mequ [mequ |ESP
Depth P K K Ca Mg Na
0-10 6.2 10.0610.001 [2.73 (4.7 |17 122 [0.04 [0.038]2.03 [17.75 |4.21 1.61 ]0.06
30-40 6.6 10.03 |0 1.28 (2.2 |6 111 [0.028]0.031{1.95 [18.05 |5.64 1.61 ]0.06
50-57 7.1 [0.02]0 1.1 {19 |6 100 10.022]0.028[1.92 ]16.20 |5.11 1.61 [0.06
70-80 7.3 10.02]0.001 [0.81 (1.4 |10 94  10.021{0.022{1.79 [9.90 [3.50 1.39  10.08
Sample [Coarse [Fine [Silt |Clay
Depth [Sand  [Sand
0-10 6 51 13 26
30-40 |5 51 11 29
50-57 (6 52 16 |24
70-80 |8 60 12 )20
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Churchill SPC

Concept

Aust. Soil Classification

Principal Profile Form
Parent Material

Alkaline, dark, cracking clay, uniform.

Endocalcareous (?) Self-mulching black vertosol

Ugs5.16

Floodplain alluvium

Landform Flood plain with numerous open depressions
Drainage Poorly drained
— Ocm
A/AP _ A/AP horizon - 10YR 1/1, 2/1 to 3/2, may have 2-10% fine distinct, brown
rootline mottles; ImC, mC to mhC; strong 2-5mm granular; moderately self-
— mulching, surface cracking; pH 6.2-6.5; clear to
— 30
Upper B Upper B horizon - 10YR 1/1, 2/1 to 3/2;mC to hC; strong 5-10 mm
polyhedral; may have <2% ferromanganiferous nodules 2-6 mm; pH 7.0-8.0;
— diffuse to
- 60
o Lower B horizon - 10YR 3/1, 4/1 to 5/3; may have 2-20# fine, distinct,
— yellow brown and grey mottles; medium heavy clay to heavy clay; may have
<2% ferromanganiferous nodules 2-6 mm; often 2-6% calcareous (dark
— 90 stained) nodules 6-60 mm; strong 5-10mm angular blocky and 20-50 mm
er B N lenticular; slickensides; pH 8.0-8.3; clear to
— May have D horizon, 10YR 4/3 to 5/4; often 10-20% medium, distinct yellow
D and grey mottles; sandy clay, sandy clay loam to sandy loam; may have
— 120 rounded course fragments; often 2-10% calcareous nodules; pH 8.0-8.3
Sample [pH [EC [%Cl |%C |OM |Avail |Avail |%P %S mequ |mequ [mequ |[mequ |ESP
Depth P K K Ca Mg Na
%
0-10 6.2 |0.11{0.002 |5.64[9.7 |26  [289 ]0.06 [0.067 |3.64 [27.85 |9.68 [1.87 [0.04
20-30 |6.8 ]0.14]0.003 [4.01{6.9 (13 194 10.043 ]10.054 [3.13 |31.45 |13.04 [3.09 ]0.06
50-60 |7 |1.08]|0.104 [2.73]14.7 |[8 187 0.024 10.042 [2.85 |27.55 |17.18 [9.22 ]0.16
80-90 |7.7 [2.26(0.192 [2.32|4 3 175 ]0.022 |0.047 |2.87 [26.35 [19.57 |11.70 |0.19
110-120|8  |2.3 [0.204 [1.57(2.7 |3 162 0.015]0.037 |3.08 [40.55 |22.82 |11.61 |0.15
160-17018.2 |1.18{0.086 {1.39(2.4 |3 194 |0.016 [0.026 |3.28 [23.25 [21.68 ]6.09 |0.11
Sample [Coarse |Fine |[Silt [Clay
Depth |Sand  [Sand
0-10 2 17 25 48
20-30 |2 9 20 63
50-60 |1 4 16 74
80-90 |1 5 17 72
110-120]1 8 22 68
160-170]1 20 22 55
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Apricot SPC

Concept

Neutral, 'brown,' fine sandy loam to sandy clay loam, duplex

Aust. Soil Classification

Principal Profile Form

Parent Material

Eutrophic Brown chromosol

Db1.22, Dy2.42, Dr2.42

Quaternary alluvium

Landform Lower terraces above the Coal River flood plain
Drainage Well drained
— Ocm
A/AP s A/AP horizon - 10YR 3/2 to 7.5YR 4/3; fine sandy loam to sandy
clay loam; moderate 2-5 mm cast structure; hardsetting; pH 5.8-6.0;
- gradual to
— 30
A2 N
A2 horizon - .5YR 4/3, 5/5 to 10YR 5/4, 6/4; may have conspicuous
- bleach, loamy fine sand, fine sandy loam to sandy loam; weak to
moderate structure' pH 6.5-7.0; clear to gradual to
— 60
B
- B horizon - 7.5YR 4/4, 5/6 to 5YR 4/4; sandy clay, fine sandy clay
- to sandy clay loam; moderate 10-20 mm subangular blocky; pH 7.0-
7.5; gradual to
— 90
D B D horizon - may have 7.5YR 4/4, 5/6 to 10YR 5/4; sandy clay loam
- to coarse sand; may have a few rounded large pebbles; pH 7.0-8.0
— 120  or may encounter gravel.
Sample [pH |EC [%NaC|%C |OM [Avail |Avail (%P |%S |mequ [mequ [mequ |mequ [ESP
Depth 1 P K K Ca Mg Na
0-10 5.5 [0.0510 3311(5.7 [57 266 10.04 10.03 [3.31 635 [2.36 |0.78 [0.06
20-30 6.3 10.03 )0 1.74(3 |13 125  [0.024[0.022{3.13 [7.50 |2.71 0.87 10.06
40-50 6.7 [0.0310.001 |1.16]2 |8 91 0.02 10.018(3.08 [7.30 [3.61 0.96 10.06
50-60 7.4 [0.04]0.001 1093 (1.6 [6 145 ]0.023|0 415 |[11.35 |7.61 1.22  ]0.05
80-90 7.6 [0.04]0.001 |0.64[1.1 [6 111 ]0.023]0.015[3.13 |8.50 [6.93 1.13  10.06
150-160 (7.7 10.05[0.001 ]0.52 (0.9 |9 57 0.031]0.013|2.28 [9.05 [5.18 1.39  10.08
Sample |Coarse [Fine [Silt |Clay
Depth Sand Sand
0-10 8 60 13 14
20-30 6 57 17 18
40-50 5 65 23 7
50-60 9 50 10 |28
80-90 22 49 8 19
150-160 |85 7 3 4
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Cranston SPC

Concept

Aust. Soil Classification
Principal Profile Form

Parent Material
Landform

Drainage

e

Alkaline, 'grey', cracking clay, uniform, developed on terrace alluvium.

Endocalcareous self-mulching grey or black vertosol

Ug5.16, 5.24; 5.25.

Quaternary alluvium

Terraces of the Coal River with smaller areas between Campania and
Richmond.

Poorly drained

Ocm

A/AP horizon: 10YR 3/1, 4/2; 10YR 5/2 (dry); ImC to mC;
moderate self mulching; cracking; moderate 2-5mm granular and
cast; pH 6.0-6.5; Clear to

Upper B — 30
— Upper B horizon — 20YR 3/1, 3/2 to 4/2; may have 2% fine distinct
__ brown mottles; mhC to hC; strong 5-10mm angular blocky; may have
2% ferromanganiferous nodules; pH 6.5-8.0. Gradual to
— 60
Lower B horizon — 10YR 4/2, 5/3, 2.5YR 5/2 or 10YR 4/3, 5/4; may
— have 20% medium distinct yellow, grey or red mottles; mhC, hC to
_ 90 mC; strong 10-20mm angular blocky, may have 2%
Lo B ferromaganiferous nodules; often 2-10% calcareous nodules; pH 8.0-
— 8.5. Gradual to
D — 120 May have D horizon — gravel, SCL to SC.
Sample [pH |[EC |%Cl |%C |OM |Avail [Avail |%P |%S  |mequ |[mequ |mequ |mequ |[ESP
Depth P K K Ca Mg Na
5-15 6.4 10.09 10.005 [2.96|5.1 |23 467 10.036 {0.045 |5.26 |10.15 [11.96 |2.61 |0.09
25-35 7.3 |0.17 10.011 [1.63 2.8 |6 413 10.019 ]0.038 |5.56 [10.35 |17.25 |4.09 [0.11
50-60 (8.1 |0.52 [0.041 [0.81]1.4 |2 336 10.015[0.033 |5.28 19.40 [20.25 |6.61 ]0.16
80-90 [8.5 [0.71 [0.053 |0.58(1 |2 293 [0.014 |0.05 |4.67 [8.95 [19.04 |7.57 [0.19
120-130(8.6 [0.74 [0.058 [0.52]0.9 |2 304 10.01 ]0.026 [4.38 [7.20 |16.54 [6.65 ]0.19
150-160|8.6 0.9 10.07 ]0.52]0.9 |3 325 10.01 ]0.028 [5.36 [19.70 |18.07 |7.17 ]0.14
180-190(8.5 10.8 0.07 ]0.5210.9 |2 315 10.008 [0.021 [4.13 |14.05 [14.79 |6.17 ]0.16
Sample |Coarse |Fine Silt  |Clay
Depth Sand  |Sand
5-15 1 20 10 63
25-35 1 20 11 63
50-60 1 24 11 63
80-90 1 33 16 49
120-130 |1 34 17 |48
150-160 |1 24 19 56
180-190 |2 26 17 54
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Soils of the Alluvial Plains
Richmond SPC

Concept

Aust. Soil Classification
Principal Profile Form
Parent Material

Neutral, 'bright red-brown', sand, duplex developed on levee and terrace
alluvium.

Haplic or bleached eutrophic brown chromosol

Dy4.62; 4.82

Quaternary alluvium. (The A horizon may be aeolian sand).

Landform Levee and terrace positions usually several metres above the floodplain of
the Coal River. Most occurrences are between Richmond and the northern
boundary of "Inverquharity". Topography is generally gently undulating
with some open depressions associated with old channels.

Drainage Well drained

— Ocm
A/AP _ A/AP horizon — 7.5YR 4/3, 3/2; LFS, LS; loose; single grain; pH
5.8-6.0; Clear to
A2 — 30 . . .
A2 horizon — 10YR 6/4, 6/5 to 7.5YR 5/5; LFS, LS; single grain
— may be bleached; pH 6.5-7; Clear to
— 60
B 90 B horizon — 7.5YR 5/6, 5/8 to 5YR 5/6; SC, SCL; weak structure;
rarely has very few, rounded, medium pebbles; pH 7.0-7.8; Clear to
s D horizon - may have 7.5YR 5/6, 10YR 6/6, 6/8; KS, LS, SCL; may
have very few rounded, medium pebbles; single grain to weak
D — 120 structure; may have soft carbonate at depth (approx. 2m); pH 7.8-8.2;
Or may encounter gravel, basalt or Tertiary sediments.

Sample pH |EC |%Cl [|%C |OM |Avail |Avail (%P %S |[mequ K|mequ [mequ |mequ |ESP

Depth P K Ca [Mg |[Na

0-10 5.6 10.05]0.015 [1.57 (2.7 |21 116 [0.022 [0.018 [1.92 [3.60 [0.93 [0.78 ]0.11

30-40 6.2 10.0210.003 [1.45(2.5 |11 129 [0.015 ]0.013 2.05 [3.05 |1.11 ]0.78 0.11

50-60 7.1 10.05]0.001 |0.99 (1.7 [6 160 [0.015 [0.019 |3.59 [7.25 [5.61 ([1.39 [0.08

80-90 7.7 10.0810.005 |0.64 (1.1 3 191 [0.015 [0.019 |5.44 [8.45 (8.04 (191 0.08

100-110  |7.9 ]0.15(0.018 [0.46 0.8 |2 100 [0.015 [0.019 [3.23 7.60 |7.82 |2.65 [0.12

150-160 9.2 {0.27{0.03 [0.35]0.6 |1 206 0.017 ]0.019 |4.03 10.30 |12.43 |5.78 [0.18

Sample [Coarse |Fine [Silt |Clay

Depth [Sand  [Sand

0-10 20 61 13 5

30-40 |15 63 14 |6

50-60 |13 47 15 26

80-90 (10 58 13 20

100-11015 67 12 15

150-160]3 60 18 21
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Pines SPC

Concept Neutral, 'bright yellow-brown', sand, uniform, developed on levee and
terrace alluvium.

Aust. Soil Classification  Bleached? Orthic tenosol

Principal Profile Form Uc2.21

Parent Material Quaternary alluvium
Landform Levee and terrace positions similar to Richmond.
Drainage Well drained
— Ocm
AP _ A/AP horizon — 10YR 3/2, 3/3 to 7.5YR 3/3; LS; loose; single grain;
\ pH 5.5-6.0; Clear to
— 30 . .
A2 A2 horizon — 10YR 5/4, 6/4 to 5/6; may have bleach; LS; single

— grain; pH 6.0-6.7; Clear to

B — 60
B B horizon - 10YR 6/6, 5/6, 5/8 to 7.5YR 4/6; may have 10-20%
— medium distinct grey and yellow mottles; LS to SL; single grain; pH
_ 90 7.0-7.8; Clear to

D |—
B D horizon - may be Tertiary sediments or gravel
— 120

Sample |pH [EC |%NaC|%C |OM |Avail (Avail |%P |%S [mequ |mequ [mequ |[mequ |ESP
Depth 1 P K K Ca Mg Na

0-10 6.4 10.1 10.001 |1.9813.4 |43 166  [0.025]0.024|1.85 [13.75 10.93 0.65 10.04

20-30 6.1 10.05]0.001 10.4110.7 (14 84 0.013{0.014{1.64 |1.30 |1.00 ]0.70  |0.15

35-45 6.8 [0.0410.001 |0.35]0.6 70 0.012]0.013({1.67 |1.00 [1.07 |0.83 ]0.18

1

3
50-60 7.9 (0.1 10.002 |0.87]1.5 [2 118 10.011{0.019/2.85 ]3.40 1429 ]2.04 [0.16
80-90 8.9 10.1710.007 10.7 (1.2 |1 173 10.009{0.022|12.33 13.35 1439 13.26  [0.24

Sample  |Coarse |Fine Silt  |Clay
Depth Sand [Sand
0-10 21 66 9 0
20-30 19 72 8 0
0
2

35-45 11 78 10
50-60 11 54 13
80-90 15 47 11 24
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Bridge SPC
Concept

Aust. Soil Classification
Principal Profile Form
Parent Material
Landform

Drainage

A/AP

A _

/

Upper B

Lower B

Neutral, brown, sand, duplex, developed on levee and terrace alluvium.

Bleached? Brown chromosol

Db3.32, 4.42; Dy4.32

Quaternary alluvium.

Levee and terrace positions similar to Richmond and Pines.

Well drained.

Ocm

30

60

90

120

A/AP horizon — 10YR 3/2, 7.5YR 3/2; LS, LFS to SL; loose; single grain to
weak granular; pH 5.8-6.0. Gradual to

A2 horizon — 7.5YR 5/3 to 10YR 6/3: LS, LFS to SL; single grain, may have
sporadic or conspicuous bleach; pH 6.0-6.5. Abrupt to clear to

Upper B horizon — 7.5YR 4/3, 4/4, 5/5 to 10YR 5/6; may have 2-10% fine,
distinct brown or dark mottles; MC, MCS; moderate structure; pH 6.5-7.0;
Gradual to

May have lower B horizon — 10YR 5/4, 5/6; may have 2-10% fine to medium
distinct yellow and grey mottles; MCS to LMCS; may have very few rounded,
fine to medium pebbles; moderate to weak structure; pH 7.5-8.0. Clear to
gradual to

D horizon — may be 10YR 5/5, 6/6; may have 2-20% medium distinct yellow
and grey mottles; SC, SCL, to SL; massive to weak structure; pH 7.5-8.2

Or may encounter basalt or gravel

75



Riversdale SPC
Concept

Aust. Soil Classification
Principal Profile Form
Parent Material
Landform

Drainage

A/AP —
—anr

Upper B

Lower B

C/R
(Basalt)

Neutral to alkaline, 'dark’, sandy clay loam to sandy clay, gradational to
duplex, developed on alluvium overlaying basalt at shallow depths.
Eutrophic subnatric grey sodosol, sodic eutrophic grey dermosol

Gn3,42, 3.43, 3.49, Dd1.13

Quaternary alluvium.

Alluvial plains adjacent to the Coal River mainly around 'Riversdale' but
also near Willowbank.

Poorly drained

Ocm
A/AP horizon — 10YR 3/1; SC, LCS to SCL+; hardsetting; weak to
moderate 2-5mm, granular and cast; may have sporadic bleach; may
have few rounded medium pebbles; pH 6.0-6.5; Clear to

30 Upper B horizon — 10YR 3/1, 3/2; MC, MCS to MHC; moderate
prismatic; may have few rounded medium pebbles; pH 7.0-8.0;
Gradual to

60 May have lower B horizon — 10YR 4/2, 4/3; MC, LMC; may have
few, rounded medium pebbles; pH 8.0-8.2; Clear to

C/R horizon Basalt or 10cm decomposing basalt then basalt rock.

90

Sample |pH [EC [%Cl
Depth

%C |OM |Avail [Avail %P  |%S mequ |mequ |mequ |mequ|ESP
P K K Ca Mg Na

0-10 6.1 10.06{0.002

2.56(44 |49 57 0.0320.027 [1.33 |7.75 |2.57 [0.96 [0.08

12-18 5.8 10.06(0.001 [2.32]4 27 |57 ]0.025[0.024 |1.41 [6.75 [2.57 |1.09 ]0.09
20-30 [6.5 ]0.13]0.002 |1.28[2.2 |5 64 10.0120.02 [1.51 [8.70 |5.89 [2.26 [0.12
50-60 |7.4 ]0.29(0.014 [1.16)2 6 71 0.014 10.024 [1.54 [10.30 |10.14 [3.96 [0.15
70-80 |8.1 [0.65[0.041 [1.05|1.8 |5 71 0.014 10.038 [1.36 [11.45 |1539 [6.22 [0.18
Sample [Coarse |Fine |Silt [Clay

Depth |Sand Sand

0-10 13 50 16 |16

12-18  [13 51 14 [15

20-30 |11 38 14 |33

50-60 |9 33 10 |44

70-80 14 25 12 |55
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Coal SPC
Concept

Aust. Soil Classification
Principal Profile Form
Parent Material

Acid to neutral, brown, sandy clay loam to sandy clay, duplex to
gradational, developed on alluvial plains.

Eutrophic, mesonatric black sodosol, sodic eutrophic black dermosol
Dy2.32, Gn3.81, Dd2.32
Quaternary alluvium.

Landform Level alluvial plains mainly around Inverquharity. Some profiles occur on
terraces of Native Hut Rivulet.
Drainage Poorly to imperfectly drained
—  Ocm
A/AP . A/AP horizon — 10YR 3/1, 3/2, 4/1; SC to SCL; hardsetting; may
\ have sporadic bleach; may have 5% fine distinct brown mottles;
— weak to moderate 2-5mm cast and granular; may have few rounded
Upper B medium pebbles; pH 5.8-6.2; Clear to
— 30
_ Upper B horizon — 10YR 3/2, 3/1, 4/2; MCS, MHC to LMCS; may
have 2-10% fine to medium distinct brown or dark mottles; may have
Lower B — very few to few rounded medium pebbles; weak to moderate
prismatic; pH 6.0-7.0; Gradual to
— 60
D s Lower B horizon — 10YR 4/3, 4/4, 5/3, 5/4; MCS, MHC to LMCS;
may have 2-10% fine distinct yellow, brown or grey mottles; may
— have < 2% ferromanganiferous nodules; may have few rounded
pebbles; weak to moderate prismatic breaking to moderate 20mm
— 90 subangular blocky; pH 6.0-7.0; Clear to
Basalt B D horizon — 10YR 5/4, 5/6, 6/4 to 2.5YR 5/2; KSC, SC to KS; may
or Gravel — have 10-20% medium distinct yellow and grey mottles; often few to
many, rounded medium to large pebbles; pH 6.3-7.8; Abrupt to basalt
[~ 120  or coarse gravel. (soloth; solodic)
Sample [pH |EC [%Cl |%C [OM [Avail |Avail |%P %S mequ {mequ |mequ [mequ |ESP
Depth P K K Ca [Mg |Na
0-10 5.9 [0.05]|0.001(3.84|6.6 |22 98 0.083 [0.037 [1.79 19.95 [1.75 [1.13 ]0.08
20-28 |5.1 |0.11]0.008[1.69]2.9 |12 111 10.014 10.026 [1.92 [2.50 |3.71 [2.22 [0.21
3545 5.8 [0.27]0.033 (1.1 |1.9 |7 111 ]0.005 ]0.031 |1.54 [2.00 |4.71 |4.00 [0.33
55-65 [5.9 ]0.45[0.053]0.81[1.4 |6 118 10.004 10.031 [1.59 [1.65 |4.86 [5.22 |0.39
80-90 [5.6 ]0.54(0.095]0.41{0.7 |3 64 0.002 [0.028 [1.41 |1.00 [3.61 [4.70 ]0.44
110-120(5.6 |0.53]0.0780.29(0.5 (4 91 0.002  [0.027 [1.69 |1.25 [4.64 [5.48 ]0.42
140-150(5.7 |0.48]0.1030.23]0.4 |3 118 10.002 ]0.022 [1.51 ([1.25 |4.64 [5.39 |0.42
Sample |Coarse [Fine Silt  |Clay
Depth  [Sand |Sand
0-10 16 46 12 21
20-28 |16 35 11 37
35-45 16 31 11 42
55-65 18 25 11 45
80-90 |28 31 7 33
110-120 |28 34 6 30
140-150 |25 32 5 36
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Strelley SPC
Concept

Aust. Soil Classification
Principal Profile Form

Parent Material

Neutral to alkaline, brown, sand, duplex, developed on alluvial plains.

Eutrophic? Mesonatric? Grey sodosol
Db3.12, 3.42, Dy2.33

Quaternary alluvium.

Landform Very gently sloping alluvial plain mainly just north of Richmond.
Drainage Poorly drained
— | Ocm
A/AP B A/AP horizon — 10YR 3/1, 3/2, 4/2; LS, LFS to SL; loose to weak
%\ hardsetting; weak 2-5mm granular, may have very few rounded
- medium pebbles; pH 5,8-6.2; Clear to
Upper B
— | 30 May have A2 horizon - as above except sporadic or conspicuous
_ bleach; Abrupt to
— Upper B horizon — 10YR 3/2, 4/2, 4/3; may have 2-10% medium
distinct brown, yellow or dark mottles; MCS; moderate angular
Lower B — | 60 blocky; often few rounded medium to large pebbles; pH 6.0-7.5;
N Gradual to
__ Lower B horizon — 10YR 4/4, 5/4, 6/5; may have 10-20% medium
distinct yellow or grey mottles; MS to LMCS; moderate angular
— | 90 blocky; often few rounded medium to large pebbles; rarely
calcareous nodules; pH 7.5-8.2. Gradual to
D (basalt)
- D horizon — may have 10YR 5/4, 5/6 to 6/6; SC to SCL; often
common medium to large pebbles; pH 7.8-8.3.
— | 120
Or gravel, basalt or Tertiary sediments
Sample pH |EC |%Na [%C [OM |Avail |Avail |%P  |%S mequ |mequ |mequ |mequ |ESP
Depth Cl P K K Ca |[Mg [Na
0-10 5.8 [0.06 (0.002 |1.98 |3.4 |45 [111 [0.026 [0.031 |1.90 |3.15 |1.68 [1.09 |0.14
20-30 7.5 [0.52 {0.005 ]0.76 |1.3 |3 139 ]0.013 ]0.024 [2.33 |[3.70 |3.96 [2.04 |0.17
40-50 6.4 [0.16 (0.017 ]10.52 0.9 |6 111 ]0.011 |0.034 [2.62 |3.20 |5.32 [3.74 |0.25
60-70 7 10.29 (0.038 ]0.41 |0.7 |3 98 0.01 ]0.034 |2.44 [3.35 |6.64 |[5.83 0.32
80-90 8 ]0.54(0.044 {0.29 0.5 |1 193 10.009 [0.018 (3.18 |3.25 [8.68 |6.61 ]0.30
10-120 8.2 |0.65[0.055 [0.11 {0 |2 288 10.009 10.019 [4.08 |4.25 |11.29 |7.78 |0.28
140-150  |8.4 ]0.66 [0.051 ]0.06 0.1 |2 339 10.017 [0.018 [5.59 |7.05 |15.54 |8.87 ]0.24
Sample  |Coarse Fine Sand |Silt [Clay
Depth Sand
0-10 10 60 18 (8
20-30 14 44 17 |22
40-50 13 42 17 |26
60-70 12 42 12 [33
80-90 37 22 15 [24
10-120 14 38 10 [36
140-150 |29 22 14 [35
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Soils of Pediments and High Terraces

Carrington SPC
Concept

Aust. Soil Classification
Principal Profile Form

Parent Material

Alkaline, brown to olive, sandy clay loam to sandy clay, duplex to
gradational, developed on pediments from predominantly reworked Tertiary

sediments.
Calcic, subnatric grey sodosol, sodic calcic grey dermosol
Dy3.33, Gn3.73

Alluvial/colluvial material probably from mainly Tertiary (sandy -clay)

sediments.

Landform Pediments with gently undulating slopes of 2-6% to the west of the Colebrook
Road between Richmond and Carrington.
Drainage Poorly to imperfectly drained
— Ocm
A/AP A/AP horizon — 10YR 3/2, 4/2; SCL, SC; hardsetting; may have
\ - sporadic bleach; weak to moderate 2-5mm granular and cast; pH 6.0-
_ 6.5; Clear to
Upper B
— 30 Upper B horizon — 10YR 4/3, 4/2; MCS; May have 2-10% distinct
\ dark or yellow mottles; moderate prismatic breaking to subangular
o blocky; pH 6.5-7.5; Gradual to
Middle B —
— 60 Middle B horizon — 10YR 5/3, 5/4 to 6/5; MCS to MHC; moderate
\_ prismatic; pH 7.5-8.2; Clear to
_ Lower B horizon — 10YR 5/4, 6/4 to 6/2; MCS to MHC; may have
Lower B 2-10% medium distinct yellow mottles; 2-20% carbonate nodules and
- 90 soft segregations; very few subrounded medium pebbles; pH 8.2-8.5;
\ Clear to
— C/D horizon — 2.5YR 5/3 to 5Y 6/2; MC, SC to KSC; may have 2-
C 50% medium distinct yellow and grey mottles; may have calcareous
— 120 and manganiferous soft segregations and nodules; pH 8.2-8.5.
Sample pH |EC |%Na [%C [OM |Avail |Avail |%P  |%S mequ {mequ |mequ [mequ|ESP
Depth Cl P K K Ca Mg |[Na
0-10 6.3 10.07 {0.003 |2.73 |4.7 [57 [174 [0.028 |0.028 |2.21 [4.0 [2.32 [1.22 [9.75
20-30 6.3 10.11]0.008 |1.34 2.3 [9 151 ]0.012 |0.018 [2.49 |[4.85 |5.21 [2.83 |15.38
40-50 6.9 10.2710.028 |10.87 |1.5 [7 187 10.011 ]0.018 [2.77 [5.2 ]|7.25 [4.04 |19.26
60-70 7.6 10.3910.060 |10.76 [1.3 |7 196 10.01 (0.018 (3.0 |5.0 [8.21 |5.17 |21.38
80-90 8.2 [0.46 (0.060 |0.3510.6 |7 259 10.009 [0.018 [2.97 4.0 [6.96 |4.61 |18.54
160-170 (8.8 [1.01]0.138 |0.29 |0.5 (7 402 10.009 10.020 [3.36 [11.8 |11.54 [8.04 |34.74
250-260 (8.4 10.9410.153 |0.29 |0.5 [4 402 10.009 10.016 {3.79 [9.35 ]13.93 [9.3 |36.37
Sample |Coarse Fine Sand |Silt |Clay
Depth Sand
0-10 12 58 17 (10
20-30 7 42 27 (24
40-50 5 35 27 (30
60-70 4 40 26 (29
80-90 10 47 22 |21
160-170 |9 31 21 |40
250-260 |11 30 18 [41
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Nugent SPC

Concept Neutral to alkaline, 'olive-grey brown', sandy clay loam to sandy clay, duplex
to gradational, developed in alluvium on pediments.
Aust. Soil Classification  Eutrophic mottled-mesonatric grey sodosol, Mottles-sodic, eutrophic grey

dermosol
Principal Profile Form Dy3.33, 3.32; Db2.12; Gn3.83
Parent Material Quaternary alluvium
Landform Very gently sloping pediments between Richmond and Carrington.
Drainage Poorly to imperfectly drained
A/AP — Ocm

__ A/AP horizon — 10YR 3/2, 3/1, 4/2; SC, SCL; may have sporadic
Upper bleach; hardsetting; may have rounded to subrounded medium
pebbles; weak 2-5mm granular and cast; pH 5.8-6.0; Clear to

Middle

i

30 Upper B horizon — 10YR 3/2, 4/2 to 2.5YR 4/2; MCS, MHCS; 2-
10% medium distinct yellow or brown mottles; may have common
_ medium pebbles; weak to moderate prismatic breaking to 10-20mm
Lower B subangular blocky; pH 5.8-6.2; Gradual to
60

Middle B horizon — 10YR 4/3, 5/3 to 2.5YR 5/2, 5/4; MCS to

MHCS; 2-20% fine to medium distinct yellow, brown and dark

mottles; may have very few rounded to subrounded pebbles; weak to
90 moderate prismatic; pH 6.0-7.0; Gradual to

Lower B horizon — 2.5YR 5/3, 5/4, 5Y 6/2, 6/4 to 10YR 5/4, 6/4;
MCS, MHC to LMCS; may have 2-20% medium distinct yellow,
pale mottles; may have very few rounded to subrounded medium
— 120 pebbles; pH 7.0-8.0; Gradual to

AN

C/D C/D horizon — 5Y 5/3, 6/3, 6/4, 2.5YR 6/2, 6/6; MCS, SC, SCL to
KSC; may have common rounded to subrounded medium to large
pebbles; may have 2-50% medium, distinct yellow, grey and pale
mottles; 2% manganiferous segregations; pH 7.8-8.3.

Sample |pH |[EC [|%Na |%C [OM |Avail |Avail |%P |%S |mequ |mequ [mequ |mequ |ESP
Depth Cl P K K Ca Mg Na
0-10 5.9 10.08 10.002 {1.98 3.4 119 |161 ]0.038]0.036|1.23 [6.10 [1.79 [1.30 ]0.13
25-35  [6.8 [0.11 |0.003 [0.76 |1.3 |6 89 0.012]0.023(1.18 |5.20 |3.57 [2.39 |0.19
45-55 7.4 1032 10.015 |0.7 [1.2 |1 89 0.008]0.046|1.18 |5.60 16.04 |5.70 ]0.31
80-90 (5.8 |0.85 [0.078 [0.46 0.8 [2 98 0.008]0.04 |1.79 |5.95 ]10.21 [9.83 ]0.35

Sample  |Coarse Fine Sand |Silt [Clay
Depth Sand

0-10 17 44 19 [17
25-35 23 34 11 )31
45-55 14 34 11 |38
80-90 29 27 11 )30
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Southfork SPC

Concept Acid, 'olive-yellow brown', sandy loam to sandy clay, duplex to gradational,
developed in alluvium on pediments.

Aust. Soil Classification  Eutrophic, mesonatric grey sodosol, sodic eutrophic grey dermosol

Principal Profile Form Dy5.31, Db1.31; Gn3.71

Parent Material Quaternary alluvium.
Landform Very gently slopping pediments (slopes 0.5-2.0%) from Carrington through to
Campania.
Drainage Poorly to imperfectly drained
— Ocm
A/AP - A/AP horizon — 10YR 3/2; SC to SL; hardsetting (SC) to loose (SL)

— | sporadic bleach; may have 2-10% fine distinct brown mottles; may
have few rounded medium pebbles; weak 2-5mm granular; pH 5.8-

Upper B — 30 6.0; Clear to

— Upper B horizon — 10YR 3/2, 4/2; MCS, MC; 2-10% medium
_ distinct brown mottles; moderate prismatic; may have very few
Lower B rounded medium pebbles; pH 5.8-6.0; Gradual to

— 60

Lower B horizon — 10YR 4/3, 5/2; MCS, LMCS; may have 2-10%
medium distinct yellow and grey mottles; may have few rounded
medium pebbles; moderate prismatic; pH 5.8-6.0; Clear to

— 90

C/D horizon — 2.5YR 5/2, 6/4, 7/2 to 5YR 5/2; SC, KSC to SCL; 2-
C/D — 20% medium distinct yellow and grey mottles; few rounded medium
to large pebbles; 2% soft manganiferous segregations; pH5.5-6.0.

— 120

Sample |pH |EC [%Cl |%C |[OM |Avail |Avail (%P |%S |mequ |mequ |mequ |mequ |ESP
Depth P K K Ca Mg Na
0-10 5.5 10.07]0.005 ]2.21|3.8 |17 |89  [0.021]0.029 |1.10 |3.25 [1.50 (1.39 ]0.19
30-40 5.5 [0.07]0.002 10.76{1.3 |6 72 |0.011|0.025 |1.18 |2.20 [2.96 [2.22 [0.26
50-60 5.4 [0.12]0.006 |10.46[0.8 |4 72 10.008 ]0.021 [1.05 |1.65 |3.18 [2.70 ]0.31
80-90 5.3 [0.23]0.016 10.29[0.5 |1 111 ]0.006 10.023 |[1.26 |1.70 |4.71 491 ]0.39
110-120 |5.3 [0.29]0.024 |0.29[0.5 |4 161 10.007 |0.022 [1.87 [2.05 [6.64 |6.48 |0.38
135-145 |5.6 [0.29]0.024 |0.29[0.5 |1 183 [0.008 ]0.018 |2.18 |2.10 |6.46 [6.35 ]0.37

Sample [Coarse |Fine Silt  |Clay
Depth |Sand  |Sand

0-10 18 47 13 19
30-40 |21 37 9 31
50-60 |18 44 10 [26
80-90 |15 42 11 30
110-120|15 36 10 [37
135-145|36 23 18 [22
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Laburnam SPC
Concept

Aust. Soil Classification
Principal Profile Form

Parent Material

Alkaline, dark, cracking clay, uniform, developed on pediments from

predominantly basaltic material but with an aeolian/alluvial influence.
Self-mulching black vertosol
Ug5.12,5.14

Mainly basalt or basaltic alluvium but with sand from an alluvial and/or

aeolian influence.

Landform Alluvial plains from Riversdale through to Campania
Drainage Poorly drained
— Ocm A/AP horizon — 10YR 3/1, 2/2; LMC, LMCS; cracking and
A/AP __ moderately self mulching; strong 2-5mm granular; pH 6.0-6.2. Clear
to
Upper B 30 Upper B horizon — 10YR 3/1, 3/2; MC, MHC, MCS; strong 5-
— 10mm subangular blocky; may have few, rounded to subangular,
- medium pebbles; pH 7.0-8.0. Gradual to
Lower B
— May have lower B horizon — 10YR 4/2, 4/3, 5/2; MC, MHC;
60 moderate to strong 5-10mm subangular blocky; may have few,
rounded to subangular medium pebbles; pH 8.0-8.2. Clear to
Basalt _ May have D horizon of decomposing basalt with soft calcareous
segregations or basalt.
— 90
Sample [pH |[EC |%Cl [%C |OM |Avail [Avail |%P |%S |mequ |mequ |mequ |mequ |ESP
Depth P K K Ca Mg Na
0-9 5.9 10.08(0.003 |3.085.3 (47 100 ]0.034 {0.031 |1.56 [8.80  |4.86 1.65 10.10
20-30 6.2 10.16[0.007 |1.86|3.2 |13 93 0.01510.023 {1.64 |9.15 16.57 |3.26  ]0.16
45-55 7.1 10.74[0.051 |1.16]2 |5 93 0.011]0.03 (1.74 |11.25 ]10.36 |7.26 0.24
60-70 |7.4 |1.34]0.105 [1.39]2.4 |4 100 ]0.01 [0.044 [1.77 [12.55 ]13.54 ]10.78 ]0.28
Sample [Coarse |Fine |Silt |Clay
Depth [Sand |Sand
0-9 8 41 14 |32
20-30 |8 36 13 39
45-55 |7 31 13 46
60-70 |3 19 16 58
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Enfield SPC

Concept Neutral to alkaline, 'reddish brown' gravelly, sandy clay loam to sandy loam,
duplex, developed in alluvium on high terraces.

Aust. Soil Classification Eutrophic? Mesonatric? Brown sodosol

Principal Profile Form Db1.32,1.43

Parent Material Quaternary alluvium.
Landform Mainly gently undulating rising with slopes commonly 2-4% but up to 6%.
Drainage Imperfectly drained

— Ocm  A/AP horizon — 10YR 3/1, 3/2, 4/2; SCL, to LSCL and SL; weak
A/AP - granular to subangular blocky; may have few rounded, medium
pebbles to cobbles; hardsetting; pH 5.8-6.0; Clear to

Upper B — 30 A2 horizon — similar to A/AP horizon except for sporadic or
conspicuous bleach; Abrupt to

Upper B horizon — 7.5YR 4/3 to 10YR 4/3, 4/4; may have 2-10%

Lower fine distinct brown or dark mottles; MC, MCS; strong prismatic;
— 60 often few rounded medium pebbles to cobbles; pH 6.5-7.5; Gradual
D to

— May have lower B horizon — 10YR 5/4, 5/3; may have 2-10%
90 medium distinct yellow mottles; MC, MCS, LMCS; often few to

common rounded, medium pebbles to cobbles; rarely calcareous
Gravel — nodules; pH 7.0-8.2. Clear to

May have D horizon — 10YR 5/4, 6/6; KSC; often common rounded,
— 120 medium pebbles to cobbles; Clear to

Gravel underlies most profiles though occasionally Tertiary
sediments.

Sample [pH |[EC [%Cl [%C |OM |Avail [Avail (%P %S mequ |mequ |mequ [mequ |ESP
Depth P K K Ca [Mg |[Na

0-10 5.8 [0.07 ]0.002 ]2.09 (3.6 |39 75 0.023 10.023 |1.26 [2.65 [1.25 091 ]0.15

20-30 |54 10.14 [0.003 [1.05(1.8 |9 81 0.01 10.024 |1.38 [2.30 [4.14 |1.96 ]0.20

45-55 |7 |0.28 ]0.015 0.76 (1.3 |6 119 10.009 10.029 [1.69 [2.80 |7.82 [4.09 (0.25

70-80 7.8 10.9 ]0.065 0.7 |1.2 |3 270 10.01 ]0.031 |3.26 [11.50]14.89 |11.87 0.29

Sample |Coarse |Fine |[Silt |Clay
Depth Sand  |Sand

0-10 24 49 13 |8

20-30 22 41 13 )20

45-55 17 31 13 |36

70-80 11 27 19 140
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Soils of Tertiary Sediments

Daisy SPC
Concept

Aust. Soil Classification
Principal Profile Form

Parent Material
Landform

Drainage

A/AP —

ppr B ———

Lower B

C/D

Alkaline, 'brown to olive', sandy clay loam to sandy clay, duplex to
gradational, developed on footslopes of Tertiary sediments.

Mottled? Mesonatric? Brown? Sodosol or brown dermosol

Dy3.33, Gn3.73

Tertiary sediments.

Level to gently inclined (0-10%) footslopes.

Poor to imperfect drainage

Ocm
A/AP horizon — 10YR 3/2, 4/2, 5/1; SCL, SC to FSCL; may have
sporadic bleach; hardsetting; may have 2-10% subangular ironstone;
moderate 2-5mm granular; pH 5.8-6.0; Clear to

30 Upper B horizon — 10YR 5/3, 4/3, 5/4; MCS, MHC to LMCS; 2-
20% medium distinct dark brown and yellow mottles; weak to
moderate prismatic; may have 2-10% subangular ironstone; pH 5.8-
6.5; Gradual to

60
Lower B horizon — 2.5YR 6/2, 6/6, 10YR 5/4; MCS, MHC to
LMCS; may have 2-10% calcareous nodules and soft manganiferous
segregations; weak prismatic; pH 7.5-8.5; Gradual or clear to

90

C/D horizon — may be 7.5GY 8/1, 7.5YR 8/4, 2.5YR 6/6; MHC to
SC; may have calcareous nodules; 2-10% soft manganiferous
segregations; pH 8.0-8.7.

120

Sample |pH |EC [%Na
Depth Cl

%C |OM |Avail |Avail (%P %S |mequ |mequ |mequ |mequ |ESP
P K K Ca Mg |[Na

0-10 5.7 10.0610.003

2.85(4.9 (29 94 0.03 10.036 |1.15 [5.70  [2.14 |1.39 [0.13

17-24 5.7 10.0510

1.7413 (14 78 0.015 10.023 |1.10 [3.70  [2.32 |1.39 [0.16

25-35 6.3 10.07]0.002

0.5210.9 |4 67 0.012 [0.02 [I1.13 |2.80 [2.96 [1.65 ]0.19

45-55 7.6 10.15]0.008 [0.35]0.6 |4 89 0.01 [0.021]1.23 |2.35 |4.50 |2.78 ]0.26
65-75 8.3 [0.33]0.026 [0.29]0.5 |2 133 [0.008 ]0.0191.44 [2.25 ]6.21 [4.61 |0.32
110-120 |8.5 [1.08]0.088 [0.23 0.4 |4 275 [0.01 ]0.029 |2.08 [2.80 |9.46 [9.57 |0.40
150-160 8.3 [1.29]0.099 [0.23]0.4 |2 302 |0.018 ]0.028 |2.13 [2.75 ]8.50 [9.61 |0.42
Sample |Coarse |Fine |Silt [Clay

Depth Sand |Sand

0-10 9 48 16 22

17-24 9 48 14 25

25-35 12 43 14 |30

45-55 12 38 13 |37

65-75 8 30 15 |44

110-120 |1 6 28 64

150-160 |1 3 32 [63
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Soils of Tertiary Basalt

Bas1 and Bas2 SPC
Concept

Aust. Soil Classification

Principal Profile Form
Parent Material
Landform

Drainage
~MAP\_

per B

Lower B

Basalt —

Bas2 Soil Profile Class

——anar |

Upper B
Lower B
C/R —

Basalt —

Bas 1 Alkaline, 'dark' cracking clay, uniform, developed on basalt and basaltic
colluvium.

Bas 2 Neutral to alkaline, 'red brown', stoney, clay loam to clay, gradational to
uniform, developed on basalt.

Bas1 Haplic self-mulching brown vertosol

Bas2 Haplic epipedal brown vertosol

Bas 1 Ug5.1, 5.14 Bas 2 Uf6.3

Basalt and basaltic colluvium.

Basaltic soils occur when basalt outcrops either in large areas such as east of
Campania or around incisions where alluvium overlays the basalt and only a
narrow band of basalt is exposed.

Imperfectly drained

Ocm  A/AP horizon — 10YR 2/1, 3/1; LMC, MC; surface cracking and
weak to strong self mulching; pH 5.8-6.2. Clear to

Upper B horizon — 10YR 2/1, 3/1; MHC; strong structure; pH 6.5-

30
7.5; Gradual to
60
Lower B horizon — 10YR 4/2, 3/2 to 5/4; MHC; may have
calcareous soft segregations; pH 8.0-8.2; Clear to
90
C horizon — decomposing basalt; may encounter basalt from 65 cm.
120

Ocm
A/AP horizon — 7.5YR 3/2 to 5YR 2/2; LC, LMC to CL; hardsetting,
moderate to strong 2-5mm granular and cast; few to common cobbles; pH 6.2-
6.5; Clear to

30

Upper B horizon — 7.5YR 3/2 to 2.5YR 3/2; MC to LMC; strong subangular

blocky; few cobbles; pH 6.8-7.2; Gradual to

Lower B horizon — 7.5YR 4/4; MC to LMC; moderate to strong structure;

60 few to common cobbles; pH 7.0-8.2; Clear to

C/R horizon — basalt or decomposing basalt.

90
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Soils of the Triassic Sediments

Trs1 and Trs2 SPC

Concept

Aust. Soil Classification

Principal Profile Form
Parent Material

Landform

Drainage

A/AP —

Upper B

Lower B

Bedrock

Trs1 Neutral, 'yellow-brown', sandy clay loam to fine sandy clay loam,
duplex, developed on hillslopes of fine grained Triassic sediments.

Trs2 Acid, 'yellow-grey', mottled, sand, duplex, developed on hillslopes of
coarse grained Triassic sediments.

Trs1 Eutrophic, mesonatric brown? Sodosol? Eutrophic brown? chromosol
Trs2 Bleached mottled/sodic Eutrophic brown chromosol, humosesquic, semi
aquic podosol

Trs 1 Dy3.32, Trs 2 Dy5.81; Uc2.33

Triassic soils are developed on fine grained Triassic sediments and feldspathic
sandstones and Triassic (2) soils on the Triassic quartzose sandstones.
Hillslopes of outcropping Triassic sandstones and mudstones along the Coal
River Valley.

Poorly drained

Ocm
A/AP horizon — 10YR 3/2, 4/2; SCL, FSCL, SC; sporadic bleach,
hardsetting; may have 2-10% rounded to subangular medium
pebbles; pH 5.5-6.0; Clear to
30 Upper B horizon — 10YR 4/2, 4/3, 5/4; MC, MCS to MHC; 2-10%
medium distinct yellow, dark mottles; may have 2-10% medium
pebbles; pH 5.5-6.0; Gradual to

60 Lower B horizon — 10YR 5/4, 5/5, 2.5YR 6/6; MC, MHC; 2-10%
medium distinct yellow, grey mottles; pH 5.8-6.2; Gradual to

90

B3/BC horizon — 10YR 6/6, 6/4; SC, KSC; pH 6.5-7.0; may have
coarse fragments; Clear to

120 May hit bedrock from 60cm.G.S.G.:

TRS2 Soil Profile Class

A2
B2

Upper B

A/AP —

Bedrock |—

Ocm

A/AP horizon — 10YR 2/1, 3/1; LS, SL; loose; pH 5.5-5.8; Clear to

30
A2 horizon — 10YR 5/2, 4/2; LS, SL; conspicuous bleach; pH 5.8-

5.5; Clear to

60 May have B2 hs horizon — 2.5YR 2/2; LS; pH 5.5-5.8; Clear to

B horizon — 10YR 5/4 to 2.5YR 6/3; MCS, LMCS; 10-50% medium
distinct grey, pale, yellow mottles; pH 5.5-5.8; Gradual to

90

BC horizon — 10YR 6/1, 6/8, 5Y 5/2; SC, SCL to LMCS; pH 5.5-
5.8.

120 May hit bedrock from 100cm.
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Prosser SPC

Concept Prosser soils are neutral to alkaline, dark grey to brown, gradational to
uniform, fine sandy clay loam to clay loam (though subsoils are highly
variable) on pediments to the east of Richmond.

Aust. Soil Classification  melanic mottled brown dermosols

Parent Material Prosser soils are developed on colluvium derived from sandstone and dolerite.
Pediments and colluvial footslopes.
Landform
Imperfect to poorly drained
Drainage
A/AP — Ocm  A/AP horizon — 10YR 3/3, 7.5YR 3/2, 3/3; SCL, fSCL, pH 5.5-6.0;
- Clear to
A3
— A3 Horizon — 7.5 YR 4/4, 4/4; 10YR 3/2 fSCL-MC, MCS, MHC,
— 30 clear to
B1 — B2 horizon — 5YR 4/4, 7.7YR 4/3, 10YR 4/42.5Y 4/2, MC, MHC; 2-
- 10% free carbonate in some profiles; few dolerite and/or sandstone
fragments, occasional mottling in some profiles, prominent in others;
— 60 Gradual to
— B3 horizon — 10YR 4/4 5/4, 2.5Y 5/2 MC to MCsandy; occasional
L 9 soft carbonates; usually heavily mottled.
B3
— May hit gravels from 60cm.
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Soils of Jurassic Dolerite
Fingerpost SPC

Concept Alkaline, 'dark’, cracking clay, uniform, developed on hillslopes of Jurassic
dolerite.

Aust. Soil Classification  Endocalcareous self-mulching black or grey vertosol.

Principal Profile Form Ugs.14

Parent Material Jurassic dolerite
Landform Dolerite outcrops on the upper slopes of the Coal River Valley on gentle,
moderate or steep slopes.
Drainage Imperfectly drained
— A/AP [~ Ocm  A/AP herizon — 10YR 2/1, 1/1; MC, MHC; cracking and self
- mulching; strong 2-5mm granular; pH 6.0; Clear to
Upper B
— Upper B horizon — 10YR 2/1, 1/1; MHC, HC; strong 5-10mm
— 30 subangular blocky; pH 6.5; Gradual to
Middle B — Middle B horizon — 10YR 3/1, 4/1; MHC, HC; strong structure; pH
_ 6.5-7.5; Gradual to
— 60
Lower B B Lower B horizon — 10YR 4/2, 5/2 to 5/4; MHC, HC; often 10-20%
— medium distinct yellow and grey mottles; often 2-10% calcareous
90 nodules; pH 8.2; Gradual to
C B C horizon — decomposing dolerite.
— 120
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Hawksmere SPC

Concept Acid to alkaline dark brown to very dark brown clay loam over reddish brown
clay; containing common weathered dolerite stones and cobbles , occasionally
with carbonate at depth.

Aust. Soil Classification = Black, grey or yellow dermosols.

Parent Material Jurassic dolerite
Landform Upper slopes and hill crests.
Drainage Imperfectly drained
A/AP — Ocm  A/AP horizon — 7.5YR3/3, 4/2 to 10YR 3/2; clay loam; generally

- common faint mottles in lower part; moderate to strong fine granular

% structure, becoming sub-angular blocky structure; very few to
r B

common dolerite gravels and cobbles, field pH 5.5; clear to
Upper B horizon — 7.5YR 4/2; medium clay; many dolerite cobbles
and stones; pH 6.0; gradual to

Middle B _ Middle B horizon — Light yellowish brown 2.5YR 6/4; medium clay

with weathered dolerite; many fine prominent yellow and grey
— 60 mottles; pH 8.0

— Often becoming exceedingly stony with depth.

&9
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Appendix 5.

UMA Units identified within the Coal River Valley.
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Uma |Landform | Landform | Slope | Aspect| Soil |0% | Soil 0% | Soil |0% | Geology Land
Pattern | Element | Class type type type Capability
1 ALP DDE 2 5 Skd| 7| Stc| 3 Rcvq 4
2 HIL HSL 4 W| Trs2| 10 Rqm 5
3 ALP VLF 0 0 Skd| 7| Ros| 2| Stc| 1 Qham 4
4 RIS HSL 2 E[ Trs2| 10 Rlq 4
5 HIL FOO 3 E[ Trs2| 9| Nrs| 1 Rlq 4
6 HIL BEN 2 W| Trs2| 10 R 4
7 ALP VLF 0 E Ros| 6| Skd| 2| Ste| 2 Qham 4
8 HIL HSL 5 S| Trs2| 8| Trsl| 2 Rlq 5/6
9 HIL HSL 3 W| Hwk| 9| Fgp| 1 Revq 4
10 RIS DDE 2 E| Msc3| 7| Trs2| 2| Nrs| 1 Rlq 4
11 HIL HSL 3 W| Trsl| 9| Trs2 1 Rv 5
12 ALP VLF 0 E Car| 8| Trsl 1| Cm| 1 TQpc 4
13 HIL BEN 2 E| Hwk| 9| Fgp| 1 Jd 4
14 HIL HSL 5 S| Hwk| 9| Fgp| 1 Revq 5
15 RIS HSL 2 E[ Trs2| 10 Rlq 4
16 HIL HSL 4 N| Trs2| 9| Nrs| 1 Rlq 5
17 HIL HSL 2 N| Hwk| 9| Fgp| 1 Jd 4
18 HIL DDE 1 E[ Msc3| 9| Trs2| 1 R 5
19 HIL HSL 3 E| Hwk| 9| Nrs| 1 Jd 5
20 HIL HSL 3 E Nrs| 9| Trs2| 1 Jd/Rlq 4
21 HIL HSL 4 w Nrs| 10 R 5
22 HIL HSL 2 N| Hwk| 9| Fgp| 1 Jd 4
23 HIL SUS 2 E| Hwk| 10 Jd 4
24 HIL HSL 3 N| Trsl Cmp| 1 Rl 5
25 HIL HSL 5 S| Hwk Fgp| 1 Jd 5
26 HIL HSL 5 W Nrs Trs2| 2 Rlp 5/6
27 HIL HSL 4 N| Hwk| 10 Jd 5/6
28 RIS FOO 2 N Nrs Hwk| 1 Rlq 4
29 LOW HCR 3 5| Basl Fgp| 1 Jd 5
30 LOW FOO 3 N| Hwk Nrs| 1 Rlq 4
31 HIL HSL 3 E[{ Cmp| 9| Hwk| 1 Rlp 4
32 HIL FOO 3 S| Hwk| 10 Jd 5
33 HIL HSL 3 w Fgp| 8| Hwk| 2 Rlp 4/5
34 LOW HSL 3 W Nrs| 9| Trs2| 1 Rlp 5
35 HIL HSL 3 E| Hwk| 9| Cmp| 1 Jd
36 ALP VLF 0 E Ros| 6| Skd| 2| Stc| 2 Qham
37 LOW HSL 2 E Fgp| 9| Hwk| 1 Jd
38 HIL HSL 3 S| Hwk| 9| Fgp| 1 Jd 4/5
39 LOW FOO 2 E Nrs| 7| Fgp| 2| Hwk| 1 RI 4
40 LOW SCA 4 S Nrs| 9 Trs2| 1 Rlp 5/6
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Uma |Landform [ Landform | Slope | Aspect| Soil |0% | Soil [0% | Soil [0% | Geology Land
Pattern | Element | Class type type type Capability

41 HIL HSL 4 N| Hwk| 9| Cmp| 1 Rlp 4
42 LOW HSL 2 E Fgp| 9| Nrs| 1 Rlp/Jd 4
43 LOW FAN 2 W| Msc5| 8| Fgp| 2 Rlp 4
44 LOW HSL 2 W([ Trs2| 9| Hwk| 1 Rlp 4
45 ALP VLF 0 5 Ros| 6| Skd| 2| Ste| 2 Qham 4
46 LOW HCR 3 E| Trs2| 10 Rlp

47 HIL HCR 3 S| Hwk| 9| Fgp| 1 Jd 5/6
48 LOW HSL 2 N| Hwk| 9| Fgp| 1 Jd 4
49 LOW FAN 2 S| Msc5| 9| Fgp| 1 Rlp 4
50 HIL HSL 2 E Fegp| 9| Fgp| 1 Jd 4
51 LOW HSL 4 S Nrs| 9| Hwk| 1 Rlp 5
52 ALF FAN 2 S| Msc5| 10 Qaf 4
53 ALF FAN 1 S| Msc5| 9| Chl| 1 Qaf 4
54 LOW HCR 2 E| Hwk| 9| Fgp| 1 Jd 4
55 LOW HSL 2 N| Trs2| 9| Fgp| 1 Rlp 4
56 HIL FOO 4 E| Cmp| 8| Fgp Jd 5
57 ALP VLF 2 W Chl| 8| Ros| 2 Q 4
58 LOW SCA 3 N[ Trs2| 10 Rlp 5
59 ALP VLF 0 5 Chl| 7| Sec| 2| Res| 1 Qham 4
60 LOW HSL 1 E[ Trs2| 9| Trsl 1 Rlp 4
61 LOW HCR 3 E| Trsl| 9| Trs2| 1 Rlp 4/5
62 LOW BEN 2 N| Trs2| 9| Trsl 1 Rlp 4
63 LOW HCR 3 5 Trsl 9| Trs2 1 Rlp 4/5
64 LOW HSL 2 E| Trsl| 9| Trs2| 1 Rlp 4/5
65 ALP VLF 1 N Chl| 7| Ros| 2| Stc| 1 Qham 4
66 LOW HSL 2 N| Trsl| 8| Trs2| 1| Chl| 1 Rlp

67 ALP VLF 0 5 Ros| 6| Skd| 3| Swp| 1 Qham

68 LOW HSL 2 S| Trsl| 9| Trs2| 1 Rlp 4
69 SCA HSL 2 E| Trs2| 8| Trsl 1| Ros| 1 Rlp

70 LOW HSL 1 E| Trsl| 9| Trs2| 1 Rlp 4/5
71 LOW HSL 1 N| Trs2| 9| Trsl 1 Rlp 4
72 LOW HSL 1 N| Trsl| 9| Trs2 1 Rlp 4
73 FLO TEF 5 N| Msce3| 6| Trs2| 2| Ros| 2 Qham

74 LOW HSL 3 E| Cmp| 8| Fgp| 2 R 4/5
75 LOW HSL 4 W| Hwk| 9| Fgp| 1 Jd 5
76 LOW HSL 4 E| Hwk| 9| Fgp| 1 Jd 5/6
77 LOW FOO 2 E Nrs| 8| Hwk| 2 R 4
78 LOW HSL 2 S Nrs| 10| Fgp Rv

79 LOW HSL 2 N| Trsl| 9| Hwk| 1 Rlp 4
80 TER SCA 2 E| Trs2| 8|Msc3| 2 Rlp

81 LOW HSL 2 w Nrs| 10 Jd 4
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Uma |Landform | Landform | Slope | Aspect| Soil [0% | Soil [0% | Soil [0% | Geology Land
Pattern | Element | Class type type type Capability
82 LOW HSL 3 5| Trsl| 9| Trs2| 1 Rlp 4/5
83 LOW HSL 4 W| Hwk| 9| Trsl 1 Jd 5
84 LOW HSL 3 E| Hwk| 9| Nrs| 1 Jd 5
85 LOW DDE 1 5 Msc3| 9| Nrs| 1 Rveq 5
86 LOW HSL 3 E| Trsl| 8| Nrs| 2 Rveq 5
87 LOW HSL 4 S| Hwk| 9| Trsl| 1 Jd 5/6
88 LOW FOO 1 N| Trsl| 9| Trs2| 1 Rlp
89 LOW HSL 3 S Trsl| 8| Nrs| 2 Jd
90 RIS HSL 2 E| Trsl| 9| Nrs| 1 Revq
91 RIS SUS 2 E[ Trs1| 10 Revq
92 HIL FOO 4 E| Cmp| 9| Fgp| 1 Jd/R 5/6
93 RIS HSL 0 S Das| 9| Trsl 1 Tsed 4
94 RIS HSL 3 S| Trsl| 10 Rlp 5
95 RIS HSL 3 S| Cmp| 10 TSed 5/6
96 LOW SCA 4 E{ Trs1| 9| Cmp| 1 Rlp
97 LOW FOO 2 S| Trsl| 9(Msc3| 1 Rlp 4
98 FLO TEF 0 S Chl| 9| Skd| 1 Qham 4
99 HSL FOO 2 E Nrs| 8| Cmp| 2 Rveq 4
100 TER TER 1 S Cm| 9| Chl| 1 Qh 4
101 RIS HSL 2 E| Trsl| 9| Cmp| 1 R 4
102 LOW FOO 2 N| Trsl|{ 9| Cmp| 1 Rlp 4
103 FLO TEF 0 W Chl| 9| Skd| 1 Qham 4
104 RIS DUN 2 W Inv| 9| Bas2| 1 TSed 4/5
105 ALP VLF 0 5 Skd| 9| Crn| 1 Qham 4
106 LOW DDE 1 E[ Msc3| 9| Trsl| 1 Qa
107 FLO PLA 0 S Chl| 9| Skd| 1 Qham 4
108 HIL FOO 2 E[ Trsl| 8| Nrs| 2 Rvceg
109 LOW HSL 2 5| Msc6| 9| Trsl 1 Jd/R 4
110 HIL HSL 3 E| Cmp| 8| Fgp| 2 Rveq
111 LOW HSL 3 E[ Msc6| 9| Trsl 1 Rlp 5
112 LOW HSL 2 S| Msc6| 8| Trsl| 2 Rlp
113 RIS HSL 1 5 Trsl| 9| Nrs| 1 Rveq
114 FLO PLA 2 W Chl| 8| Skd| 1| Inv| 1 Qham 4
115 HIL HSL 4 E{ Cmp| 8| Fgp| 2 Qptd
116 FLO LEV 0 5 Apr{ 8| Brd| 1| Pen| 1 Qhaja
117 FLO PLA 0 W Chl| 9| Skd| 1 Qham
118 TER TEP 0 E Cm| 9(Msc3| 1 Qhaj
119 LOW DDE 1 E| Msc3| 10 Rveq
120 FLO PLA 0 E Chl| 9| Skd| 1 Qham 4
121 LOW HSL 3 S| Trsl Cmp| 1 Rlp 5/6
122 RIS FOO 1 S| Trsl Cm| 1 Rlp
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Uma |Landform [ Landform | Slope | Aspect| Soil |0% | Soil [0% | Soil [0% | Geology Land
Pattern | Element | Class type type type Capability

123 FLO PLA 0 E Skd| 9| Chl| 1 Qham 4
124 TER TEP 0 E Cm| 9(Msc3| 1 Qhaj 4
125 TER LEV 0 E Brd| 8 Cm| 2 Qa 4
126 FLO PLA 0 E Skd| 8| Chl| 2 Qa 4
127 FLO PLA 1 W Skd| 8| Chl| 2 Qa 4
128 LOW FOO 2 E[ Trsl| 8| Nrsf 2 Revg

129 LOW HSL 2 W| Trs2| 7| Trsl| 2| Bas2| 1 Rlp

130 LOW BEN 1 W| Trs2| 7| Basl| 3 Rlp

131 LOW BEN 1 5 Trs2| 6| Bas2| 2| Trsl 1 Tbao

132 CLI| CLIFF N RO| 10 Tb 7
133 RIS HSL 3 S| Bas2| 10 Tbao

134 RIS HSL 5 51 Trs2| 8| RO| 2 Rl

135 LOW HCR 1 51 Bas2| 9| RO| 1 Tb

136 LOW SCA 5 W| Hwk| 10 Jd

137 LOW HSL 2 N| Trs2| 6| Basl| 4 Rlp/Tbt 4
138 LOW HSL 4 S| Hwk| 10 Jd

139 LOW VLF 1 W| Msc3 Trsl Rlp

140 RIS HSL 4 5|1 Bas2| 6| Hwk| 4 Tbao/Jd

141 LOW | HSL (mid) 4 E| Hwk| 10 Jd

142 LOW HSL 2 E| Hwk| 10 Jd

(lower)

143 LOW | HSL (mid) 4 S| Hwk| 10 Jd 6
144 LOW SCA 4 S| Hwk| 10 Jd/Tb 6
145 LOW HSL 2 W| Trs2| 5| Bas2| 5 Tb 4
146 LOW HSL 3 W| Trs2| 10 Rlp 5
147 LOW HSL 2 E| Basl| 7| Bas2| 3 Tbao/Tb

148 LOW BEN 1 W| Trs2| 10 Rl; 4
149 FLO PLA 0 5 Skd Pen| 1| Ros| 1 Qa 4
150 LOW |HSL(uppe 1 E| Bas2| 9|Other| 1 Tb 5/4
151 RIS DUI? 4 Y Pen| 9| Basl Qd 4
152 LOW HSL 3 S| Bas2 RO| 4 Tb 6
153 LOW HCR 1 5| Basl| 10 Tb 4
154 PED DUN 2 S Pen| 9| Ros 1 Qd 4
155 LOW HSL 2 E| Basl| 9| Bas2| 1 Tb

156 LOW HSL 2 E[ Bas2| 8| Basl 2 Tb 4
157 FLO PLA 1 5 Skd| 7| Pen| 3 Qham

158 LOW FOO 2 E Das| 10 Tser

159 LOW HSL 2 S| Trs2| 8| Bas2| 2 Rlp 4/5
160 PED DUN 0 S Pen| 9| Ros| 1 Qd 4
161 FLO PLA 2 w Ros| 9| Chl| 1 Qa 4
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Uma |Landform | Landform | Slope | Aspect| Soil [0% | Soil [0% | Soil [0% | Geology Land
Pattern | Element | Class type type type Capability
162 LOW HSL 1 W| Bas2| 8| Basl| 2 Tb 4
163 RIS HSL 2 E| Basl| 7| Bas2| 2| Trs2| 1| Tb/Rgph 4
164 FLO PLA 0 S Ros|{ 9| Chlf 1 Qa 4
165 FLO PLA 1 5 Skdf 9| Chl| 1 Qa 4
166 RIS HSL 2 S| Trs2| 10 Rgph 4
167 RIS HSL 2 E| Trs2| 10 Rgph 4
168 FLO VLF 1 Y Chl| 8| Das| 1| Col| 1 Tser
169 LOW HSL 2 N| Trsl| 9| Bas2| 1 Rq 4/5?
170 RIS HSL 2 E| Basl| 10 Tb
171 LOW HSL 3 5| Basl| 9| Bas2| 1 Tb
172 RIS SCA 4 5| Trs2| 8| RO| 2 Rqgph
173 LOW HCR 1 E| Basl 9| Bas2 1 Tb
174 RIS HCR 1 5| Trs2| 8| RO| 2 Rqgph
175 TER TEP 1 S Chl| 8| Das| 1| Col| 1 Tser
176 RIS SCA 2 S| Trs2| 10 Rqgph 5
177 RIS HSL 2 S| Basl| 10 Tbt 5/6
178 TER TEP 2 S Chl| 8| Das| 1| Colf 1 Tser
179 LOW HCR 1 S| Basl| 9| Bas2| 1 Tb 4?
180 FLO PLA 1 W Ros| 9| Chl| 1 Qa 4
181 FLO VLF 2 w Chl| 8| Col| 2 Qhaj
182 FLO PLA 2 S Ros| 9| Chl| 1 Qa 4
183 FLO TEF 1 S Chl| 8| Das| 1| Col| 1 Qhaj
184 FLO VLF 2 E Chl| 8| Das| 1| Col| 1 Qhaj
185 RIS HSL 3 W| Hwk| 10 Jd 5/6
186 RIS SCA 4 E[ Trs2| 10 Rqgph 6
187 RIS HCR 1 N| Cmp| 8| Hwk| 2 Jd 5
188 FLO TEF 0 E Chl Das| 1| Col| 1 Qhaj
189 TER TEP 0 E Col Chl| 1 Qa
190 RIS HSL 3 S| Basl Hwk| 2| Trsl| 2 Tbt 6
191 RIS FOO 2 S| Basl| 10 Tbt 4/3
192 CLI cliff E RO| 10 Tbao
193 FLO PLA 2 E Ros| 9| Chl| 1 Qa
194 LOW HSL 3 S| Trsl| 8| Nrs| 2 SS
195 FLO PLA 1 5 Chl| 9| Ros| 1 Qa
196 RIS HSL 2 S| Basl| 8[Other| 2 Tbt 6/5
197 FLO TEF 0 N Chl| 8| Das| 1| Col| 1 Qa
198 TER TEF 1 w Col| 9| Chl| 1 Tser
199 TER TEF 0 E Col| 8] Basl 1| Chlf 1 Qpac
200 FLO PLA 1 N Ros| 9| Chl| 1 Qa 4
201 LOW HSL 1 N| Basl| 7| Chl| 3 Tb
202 TER TEF 1 N Col| 8| Basl 1| Chlf 1 Qpac
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203 PED DUN N Pen| 7| Bas2| 3 Qd 4
204 FLO PLA W Ros| 9| Chl| 1 Qa 4
205 FLO VLF 1 \Y Chl| 8| Das| 1| Col|l 1 Tser

206 TER TEF 1 E Col| 8| Basl 1| Chl| 1 Qpac

207 RIS HSL 1 N| Basl| 8| Bas2| 1| Fgp| 1 Tb

208 ALP TEP 1 N Rvs| 8| Basl 1| Col|l 1 Qa

209 RIS HSL 1 S| Basl| 8| Hwk| 2 Tbt/qha

210 LOW HSL 1 N| Basl| 7| Bas2| 3 TIE

211 LOW HSL 2 E| Basl| 7| Bas2| 3 Tb

212 ALP TEP 1 W Rvs| 8| Basl 1| Col|l 1 Qa 4
213 LOW FSL 1 N| Basl| 7| Bas2| 3 Tb

214 RIS FOO 2 N| Hwk| 6| Basl| 4 Jd? 4?7
215 LOW HSL 2 N| Basl| 7| Bas2| 3 Tb

216 LOW HSL 3 N| Hwk| 10 Jd 5/6
217 LOW FOO 3 E| Cmp| 8| Hwk| 1| Ros| 1 JdTbt 4
218 ALP FAN 1 5| Mse5| 9| Basl 1 Qa 4
219 FLO PLA 1 S Chl Ste| 1 Qa

220 LOW HSL 3 W| Cmp| 7| Hwk| 3 Jd 5
221 LOW HSL 3 E| Hwk| 10 Jd

222 LOW FOO 2 w Ros| 8| Cmp| 2 Tbt/qha 4
223 RIS HSL 1 W|{ Basl 8| Bas2 1| Fgp| 1 TIE 4
224 LOW HSL 2 N| Basl| 7| Bas2| 3 Tb

225 LOW HSL 1 S| Basl| 7| Bas2| 3 Tb

226 LOW HSL 4 W| Hwk| 7| Cmp| 3 Jd 6/5
227 LOW HSL 4 E| Hwk| 10 Jd 5/6
228 LOW HSL 2 E| Basl| 7| Bas2| 3 Tb

229 LOW SUS 1 E| Hwk| 10 Jd 5/6
230 ALP PLA 1 W Rvs| 9| Basl 1 Qa 4
231 LOW HSL 2 S| Basl| 9| Bas2| 1 Tb

232 RIS HSL 2 W Fgp| 10 Jd 4
233 LOW HSL 2 S| Basl| 7| Bas2| 3 Tb

234 LOW HSL 2 S| Basl| 7| Bas2| 3 Tb

235 FLO PLA 2 W Chl| 8| Stc| 2 Qa

236 RIS HSL 2 S| Trs2| 9 Trsl| 1 Rlp

237 LOW HSL 1 S| Basl| 7| Bas2| 3 Tb 5/6
238 RIS HSL 2 W| Basl| 8| Bas2| 1| Fgp| 1 Jb 4
239 LOW HSL 3 S| Hwk| 10 Jd 5/6
240 TER TEP 0 E Cm| 9| Chl| 1 Qa

241 LOW HSL 1 S| Basl| 9| Bas2| 1 Tb

242 LOW HSL 4 S| Hwk Cmp| 3 Jd 6/5
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243 RIS HSL 2 S| Trs2 Trsl 1 Rlp

244 RIS HSL 2 W| Trs2| 10 RI

245 FLO BKP 0 E| Swp Chl| 2 Qa

246 LOW HSL 2 S| Cmp| 8| Hwk Jd/Qpac 5

247 RIS HSL 1 E| Trs2| 10 Rl

248 RIS FOO 1 S| Trs2| 9| Trsl| 1 Rlp

249 ALP PLA 2 W Rvs| 9| Basl 1 Qa 4

250 FLO BKP 0 W Chl| 9| Stc| 1 Qa

251 ALP TEF 1 S Rvs| 9| Fgp| 1 Qa

252 ALP PLA 0 E Col| 8| Strf 1| Nug| 1 Qa

253 FLO PLA 0 E Chl| 8| Swp| 1| Stc| 1 Qa

254 FLO BKP 0 N Chl| 8| Swp| 1| Stcf 1 Qa

255 LOW FOO 2 S| Dstl| 10 Qd

256 RIS HSL 4 w Fgp| 10 Jd 4

257 FLO TEF 0 S Chl| 8| Cm| 1] Basl 1 Qa

258 RIS FOO 1 E Nrs| 8| Fgp| 2 Qhcd

259 ALP Swp 0 S Swp| 10 Qa

260 RIS HSL 2 E| Basl| 9| Bas2| 1 Tb

261 RIS HSL 0 E Das| 9| Col| 1 Tser

262 TER TEP 1 N Apr| 9| Chl| 1 Qa 4

263 RIS HSL 1 S| Basl| 9| Bas2| 1 Tb

264 FLO VLF 1 E Chl| 8| Cm| 1] Basl 1 Qa

265 ALP PLA 1 E[ Bas2| 9| Str| 1 Tb

266 ALP PLA 1 N| Bas2| 9| Str| 1 Tsph

267 FLO PLA 1 N Chl| 8| Stc| 2 Qa

268 PED PED 1 E[ Nug| 9| Das| 1 Tsph

269 RIS HSL 2 S| Basl| 9| Bas2| 1 Tb

270 RIS HSL 1 N| Dstl| 10 Qd 4

271 ALP DUN 2 N Inv| 9| Dstl 1 Qd

272 RIS HSL 2 N| Dstl| 10 Qd 4

273 ALP PLA 0 N Col| 7|Msc3| 2| Basl 1 Qa

274 RIS HSL 0 E Das| 8|Msc2| 1| Basl 1 Tser

275 ALP TEF 2 E Rvs| 8| Col 1| Basl 1 Qpac

276 FLO PLA 2 W Chl| 8| Stc| 2 Qa

277 FLO BKP 0 W Chl| 9| Ste| 1 Qa

278 TER TEF 1 E Enf| 9| Das| 1 Qa

279 ALP PLA 0 E Col| 7|Msc3| 2| Basl 1 Qa

280 RIS HSL 2 N| Trsl| 9| Trs2| 1 RI

281 PED PED 0 E Sot| 8| Das| 1| Rvs| 1 TQpn

282 RIS HSL 1 N| Dstl| 10 Qd 4

283 RIS HSL 2 W| Basl| 8| Bas2| 2 Tb
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284 RIS HSL 1 N| Trsl| 9| Trs2| 1 RI
285 TER SCA 0 E| Basl| 7| Bas2| 2| Rvs| 1 Tb
286 TER TEF 1 N Cm| 8| Bas2| 1| Chl| 1 Qa
287 FLO PLA 0 N Chl| 8| Swp| 1| Stc| 1 Qa
288 ALP TEF 0 E Rvs| 8| Col| 1] Basl 1 Qpac
289 RIS HSL 0 S| Basl| 9| Bas2| 1 Tb
290 RIS HSL 0 W|[ Trsl| 9| Trs2| 1 Rl
291 RIS FOO 0 E Das| 8|Msc3| 2 Tser
292 PED PED 0 E Nug| 7| Sot| 2| Rvs| 1 TQpn
293 FLO BKP 0 E Chl| 8| Swp| 1| Stc| 1 Qham
294 PED PED 0 S Nug| 7| Sot| 2| Rvs| 1 TQpn
295 RIS HSL 2 S| Basl| 9| Bas2| 1 Tb
296 RIS HSL 0 S| Trs2| 9| Trs2| 1 R1
297 RIS HSL 2 E Das| 8|Msc3| 2 Tser
298 RIS HSL 2 N| Trsl| 9| Trs2| 1 Rl
299 ALP TEF 0 S Das| 8|Msc3| 2 Tser
300 RIS HSL 2 E Das| 8|Msc3| 2 Tser
301 RIS HSL 1 5 Trsl| 9| Trs2| 1 Rl
302 ALP DUN 1 N Pen| 8| Ric| 2 Qd
303 PED PED 0 S Nug| 7| Sot| 2| Rvs| 1 TQpn
304 ALP TEF 0 S Rvs| 8| Col| 1| Basl 1 Qpac
305 ALP TEF 0 E Rvs| 8| Col| 1| Basl 1 Qpac
306 FLO VLF 0 S Chl| 8| Swp| 1| Stc| 1 Qham
307 RIS HSL 1 W| Nug| 10 Qa
308 RIS HSL 0 E| Basl| 7| Bas2| 2| Rvs| 1 Tb
309 RIS HSL 0 S| Basl| 7| Bas2| 2| Rvs| 1 Tb
310 RIS HSL 1 E Enf| 9| Das| 1 Tqhac
311 RIS FOO 0 E Das| 8|Msc3| 2 Tser
312 FLO VLF 0 Y Chl| 8| Stc| 2 Qham
313 ALP TEF 0 E Rvs| 6| Col| 3| Basl 1 Qa
314 FLO VLF 0 Y Chl| 6| Stc| 2| Swp| 2 Qham
315 FLO VLF 1 S Chl| 9| Apr| 1 Qham
316 ALP TEF 1 S Rvs| 8| Col 1| BAS 1 Qpac
317 HIL FOO 2 E Nrs| 5| Fgp| 5 Q
318 FLO TEF 1 S Apr| 8| Swp| 2 Qham
319 RIS HSL 2 N Nrs| 5| Fgp| 5 JdQa
320 FLO VLF 1 S Chl| 6| Stc| 2| Swp| 2 Qham
321 TER HSL 2 E Enf| 7| Das| 2| Basl 1| TQhac
322 TER TEF 0 E Enf| 7| Das| 2| Basl 1| TQhac
323 RIS HSL 1 E| Basl| 7| Rvs| 3 Tb
324 ALP TEF 0 E Lab| 8| Rvs| 1| Basl 1 Tb
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325 HIL FOO N Fgp| 9| Nrs| 1 Jd
326 FLO VLF 0 5| Msc4| 7| Chl| 2| Ste| 1 Qham
327 PED PED 1 w Sot| 8| Dasl 1| Col 1 Qa
328 HIL FOO 2 E Nrs| 5| Fgp| 5 Tser
329 PED PED 1 S Sot| 8| Dasl 1| Col| 1 Qa
330 RIS HSL 0 E| Basl| 9| Enf| 1 Tb
331 PED HSL 0 W| Trsl| 9| Trs2| 1 Rlp
332 ALP SCA 0 N| Bas2| 8| Col| 2 Qpac
333 ALP PLA 1 S Col| 8| Das| 2 Qpac
334 RIS HSL 1 W| Dasl 8| Trsl 1| Sot| 1 Ts
335 HIL FOO 2 E Fgp| 9| Nrs| 1 Jd
336 PED HSL 1 S| Trsl| 9| Trs2| 1 Rlp
337 PED PED 1 W Sot| 8| Dasl 1| Col| 1 TQpn
338 ALP SCA 0 W Col| 8| Das| 2 Qpac
339 RIS HSL 2 W| Trsl| 9| Trs2| 1 Rlp
340 RIS HSL 1 S| Dasl| 8| Trsl 1| Sot| 1 Ts
341 RIS HSL 1 W| Trsl| 9| Trs2| 1 Rlp
342 ALP TEF 1 N Lab| 8| Rvs| 1| Basl 1 Tb
343 TER HSL 1 E Das| 9| Nrs| 1 Ts
344 RIS HSL 2 N Fgp| 10 Jd
345 RIS HSL 1 W| Trsl| 9 Trs2| 1 Rlp
346 RIS HSL 2 E Fgp| 10 Jd
347 PED HSL 0 S Das| 8| Enf| 1|Nugl 1 Tser
348 ALP PLA 0 w Col| 8| Das| 2 Qpac
349 HIL FOO 1 E Nrs| 5| Fgp| 5 Tser
350 PED TEF 0 N| Bas2| 8| Sot| 1| Basl 1 Tb
351 ALP TEF 0 N Rvs| 8| Lab| 2 Tb
352 ALP TEF 0 E Rvs| 8| Lab| 2 Tb
353 RIS HSL 2 w Fgp| 10 Jd
354 PED TEF 0 E| Bas2| 8| Sot| 1| Basl 1 Tb
355 PED TEF 0 S| Bas2| 8| Sot| 1| Basl 1 Tb
356 PED TEF 0 S Sot| 8| Bas2| 2 TQpn
357 PED PED 0 S Sot| 8| Das| 1| Col| 1 TQpn
358 HIL FOO 2 E Nrs| 5| Fgp| 5 Qaf/Qhc
359 ALP LEV 0 5 Ric| 8| Das 1| Bas2 1 Qharﬁ
360 PED PED S| Sotl| 8| Das| 1| Trsl| 1 TQpn
361 FLO STC W Ste| 10 Qhanv/Q

pac
362 RIS HSL S Fgp| 10 Jd
363 ALP TEF 0 S Rvs Lab| 2 Tb
364 HIL FOO 1 E Nrs| 5| Fgp Qhcd
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365 ALP PLA 0 S Col| 8| Das Qpac
366 TER DDE 0 S| Msc3| 8| Swp| 2 Tser
367 RIS HSL 2 W\ Trsl| 9| Trs2| 1 Rlp
368 ALP TEF 0 S Lab| 7| Basl| 2| Rvs| 1 Tb
369 FLO TEF 0 5 Chl| 9| Ste| 1 Qham
370 PED HSL 0 E Das| 8| Enf| 2 Tser
371 TER HSL 1 E Enf| 7| Das| 2| Nrs| 1| TQhac
372 ALP TEF 1 E Lab| 7| Basl| 2| Rvs| 1 Tb
373 RIS HSL 2 5 Trsl| 9| Trs2 1 Rlp
374 ALP TEF 0 S| Bas2| 8| Rvs| 1| Lab| 1 Tb
375 ALP TEF 0 W Pin| 7| Ric| 2| Pen| 1 Qhwd
376 RIS HSL 2 W\ Trsl| 9| Trs2| 1 Rlp
377 PED HSL 0 E Das| 8| Enf| 2 TQhac
378 RIS SCA 3 S| Trsl| 9| Trs2| 1 Rlp
379 FLO TEF 0 5 Chl| 9| Ste| 1 Qhaja
380 PED HSL 0 E| Bas2| 8| Rvs| 1| Lab| 1 Tb
381 RIS HLS 2 W| Trsl| 9| Trs2| 1 Rlp
382 TER TEF 0 W Apr| 8| Chl| 1| Pin| 1 Qhaja
383 PED HSL 0 E Das| 7| Car| 2| Enf| 1 Tser
384 ALP PLA 0 W Col| 8| Das| 2 Qpac
385 PED HSL 2 N Das| 8| Enf| 2 TQhac
386 ALP TEF 0 S Pin| 7| Ric| 2| Pen| 1 Qhwd
387 TER TEF 0 S Das| 8| Col| 1| Bas2| 1 Tsed
388 TER TEF 1 E Enf| 8| Das| 1| Nrs| 1| TQhac
389 LOW HSL 3 E| Hwk| 6| Nrs| 3| Trsl| 1| Rlp/id
390 ALP PLA 1 w Col| 8| Das| 2 Rlp
391 RIS HSL 1 S{ Trsl| 9| Trs2| 1 Rlp
392 ALP PLA 0 S Col| 8| Das| 1| Bas2 1 Qpac
393 HIL HSL 4 E| Trsl| 6| Nrs| 4 Rlp
394 ALP TEF 0 E Rvs| 6| Bas2| 4 Tb
395 ALP TEF 0 N Pin| 7| Ric| 2| Pen| 1 Qpar
396 HIL FOO 1 E Fgp| 9| Nrs| 1 Jd
397 ALP TEF 0 S Pin| 7| Ric| 2| Pen| 1 gPAR
398 ALP TEF 0 E Das| 9| Ric| 1 Tsed
399 FLO TEF 1 S Chl| 8|Msc4| 1| Stc| 1 Qham
400 FLO TEF 0 W| Msc3| 8| Chl| 2 Qhaj
401 FLO TEF 0 S| Msc3| 8| Chl] 2 Qhaj
402 ALP TEF 0 E Rvs| 7| Bas2| 2| Sot| 1 TQpc
403 TER TEF 0 W Ric| 9| Pin| 1 Qpar
404 TER TEF 0 5 Apr| 9|Msc3| 1 Qhaj/Qp

ac
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405 FLO LEV 0 S Brd| 7| Ric| 2| Pin| 1 Qpar
406 RIS HSL 2 W| Trsl| 9| Trs2| 1 Rvq
407 HIL FOO 2 E Fgp| 9| Nrs| 1 Jd
408 PED FAN 1 E| Carl| 7| Das| 2| Car| 1 TQpc
409 STC 0 S Ste| 10 Qham
410 FLO TEF 1 S| Msc4| 9| Chl| 1 Qham
411 ALP TEF 0 S Rvs| 7| Bas2| 2| Sot| 1 Tqpc
412 PED TEF 0 E Sot Nug| 1 TQPpc
413 FLO SWP 0 W| Swp| 10 Qa
414 FLO TEF 0 W Chl| 9|Msc4| 1 Qham
415 PED FAN 2 E| Carl| 7| Das| 2| Car| 1 TQpc
416 ALP DUN 0 W Inv| 10 Qpwp
417 HIL HSL 4 E Fgp| 6| Hwk| 3| Nrs| 1 Jd
418 ALP DDE 0 W| Msc3| 8| Trsl 1| Inv| 1 TQ
419 TER TEF 0 W Apr| 8| Chl| 1| Ros| 1 Qhaja
420 PED TEF 0 E| Nug| 7| Car| 2| Col| 1| TQpm
421 HIL HSL 5 E| Hwk| 9| Nrs| 1 Rlp/Jd
422 FLO TEF 0 S Apr{ 9|Mscd4| 1 Qhaja
423 HIL HSL 2 E| Trs2| 6| Nrs| 3| Car| 1 Jd
424 ALP LEV 0 S Ric| 8|Msc4| 1| Pin| 1 TQpc
425 ALP LEV 0 E Ric| 8|Msc4| 1| Pin| 1 TQpc
426 HIL HSL 3 E{ Trsl| 6| Nrs| 4 Rlp
427 ALP DDE 1 E| Msc3| 9|Msc4 1 Tqpc
428 HIL HSL 4 N Fgp| 6| Hwk| 3| Nrs| 1 Jd
429 ALP TEF 1 S Brd| 8| Str| 1| Ric| 1 Qpar
430 HIL HSL 4 E Nrs| 7| Hwk| 3 Jd
431 ALP DDE 0 E[ Msc4| 8| Pin| 1|Msc3| 1 TQpc
432 PED FAN 2 E[ Carl| 7| Das| 2| Car| 1|Qaf/Qhc

433 PED FAN 0 E[ Carl| 7| Das| 2| Car| 1 J g
434 FLO SWP 0 W| Swp| 9| Chl| 1 Qa
435 ALP TEF 0 E Brd| 9| Pin| 1 Qpar
436 ALP LEV 0 \Y% Ric| 8(Msc4| 1| Inv| 1 TQ
437 ALP LEV 0 E Pin| 7| Brd| 2| Ric| 1 Qpar
438 ALP LEV 0 5 Ric| 8(Msc4| 1| Inv| 1 Qpar
439 ALP TEF 0 E Brd| 8| Colf 2 Jd/Qa
440 PED HSL 2 E Car| 7| Das| 2| Nug| 1 TQpc
441 ALP DUN 0 w Inv| 9|Msc3| 1 Qpwp
442 PED TEF 1 E Car| 7| Das| 2| Nug| 1 TQpc
443 HIL HSL 4 E| Hwk| 8| Nrs| 2 Jd
444 ALP TEF 0 E Col| 7| Nug| 2| Rvs| 1 Qpac
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445 HIL HSL 3 S| Hwk| 8| Nrs| 2 Jd
446 ALP TEF 0 W Str| 7| Dstl| 2| Ric| 1 Qpac
447 HIL HSL 4 N| Hwk| 8| Nrs| 2 Jd
448 HIL HSL 4 E| Hwk| 8| Nrs| 2 Jd
449 PED PLA 0 E| Dst3| 10
450 FLO TER 2 S| Dstl| 10
451 PED HSL 2 E| Carl| 9| Fgp| 1 Qhcd
452 HIL HSL 3 E| Hwk Nrs| 2 Jd
453 ALP DDE 0 W| Msc3 8| Trsl 1| Inv 1 Qhm
454 ALP 0 W| Dst2| 10 Qhm
455 ALP TEF 0 N Col| 7| Nug| 2| Rvs| 1 Qpac
456 ALP TEF 0 E Col| 7| Nug| 2| Rvs| 1 Qpac
457 TER SCA 2 E Ros| 8| Chl| 2 Qhaj
458 ALP DDE 0 W([ Msc3 8| Trsl 1| Inv 1 Tser
459 RIS HSL 1 W Trsl 4( Trs2| 4 Str| 2 Tser
460 ALP TER 2 W Ric| 9| Str| 1 Qpar
461 HSL HSL 1 E Das| 8| Car| 2 Tsed
462 HSL HSL 1 E Das| 8| Car| 2 Tsed
463 ALP TEF 2 E Pen| 10
464 TER TEP 2 w Chl| 8| Pen| 1| Ros| 1 Qhaj
465 ALP DUN 2 w Pen| 9| Chl| 1 Qhwd
466 ALP TEF 0 W Str| 7| Bas2| 2| Pen| 1]|Qaf/Qhc
467 PED TEF 5 Nug Col| 1 Tng
468 RIS HSL W| Trsl| 4| Trs2| 4| Str| 2|Qaf/Qhc
469 ALP TEF 0 5 Pen| 10 :
470 HIL HSL 2 S| Hwk| 10 Jd
471 ALP 0 E| Dstl| 10
472 ALP TEF 1 N Str| 7| Bas2| 2| Pen 1 TQ
473 ALP DUN 1 E Pen| 8| Ric| 1| Swp| 1 Qhwd
474 PED HSL 1 N| Msc2| 7 Str| 2| Bas2 1 Tser
475 ALP DUN 1 5 Pen| 7| Str| 3 Qhwd
476 ALP TEF 1 E Rvs| 7| Nug| 2| Bas2| 1 Qhwd
477 ALP TEF 1 A\ Str| 7| Bas2| 2| Pen 1 TQ
478 HIL FOO 2 E| Hwk| 10 Jd
479 TER TEF 0 5 Ros| 8| Chl| 2 Qhaj
480 FLO SWP 0 5 Swp| 8| Chl| 2 Qa
481 ALP TEF 1 E Ric| 8| Brd| 1| Pin| 1 Q
482 PED HSL 1 W| Msc2 Str| 2| Bas2| 1 Tser
483 RIS FOO 0 w Das| 10 Tser 4
484 TER TEF 1 5 Chl Swp| 2 Qhaj
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485 HIL FOO 2 \ Pro| 10 Rvgci/Q

486 RIS HSL 0 N| Hwk| 10 I;g 4
487 HIL HSL 5 N[ Hwk| 10 Jd

488 TER TEF 1 w Ros| 7| Chl| 3 Qhaj

489 RIS FOO 0 S Pro| 10 Rvgci

490 RIS HSL 0 W| Hwk| 10 Jd 4
491 ALP SCA 2 S Str{ 7| Bas2| 2| Pen| 1 TQ

492 ALP TEF 0 5 Brd Ric| 2| Nug| 1 TQ

493 RIS HCR 1 W Pro| 9|Msc5| 1 Rvgci

494 HSL FOO 2 S| Msc3 Pro| 2 Q/Rv

495 RIS HSL 0 S| Hwk| 10 Jd 4
496 PED HSL 2 S| Msc2 Str| 2| Bas2 1 Tser

497 RIS HSL 1 S Pro| 9|Msc3| 1 Rvegci

498 RIS DDE 1 W| Msc3| 10 Qa

499 RIS HCR 0 S Pro| 8[Msc5| 2 Rvgci

500 HIL HSL 5 E| Hwk| 7| Nrs| 3 Jd/Qhced

501 RIS HCR 2 W Pro| 10 Rvgci

502 PED TEF 0 S Nug| 7| Car| 3 TQpm

503 ALP TEF 0 S Ric| 8| Brd| 1| Pin| 1 TQ

504 HIL FOO 2 E Nrs| 9| Das 1 TQ

505 HIL HSL 5 E Pro| 9| Nrs| 1 Rwvvl

506 RIS HSL 1 W Pro| 7| Str| 3 Rv/Qpp

507 ALP DUN 1 5 Inv| 8| Ric| 2 Qhwd

508 RIS HSL 1 S Str| 6| Pro| 4 Qpp/Rv

509 HIL HSL 4 E Nrs| 6| Pro| 3| Hwk| 1 Rwvl

510 HIL DDE 2 S Nrs| 8| Pro| 1| Hwk| 1[Rgph/Rv

511 HIL HSL 2 E| Hwk| 7| Nrs| 3 J d/RcI

512 LOW FOO 1 E Nrs| 9| Das| 1 "IT(CQI

513 ALP LEV 2 E Ric| 8| Brd| 1| Pin| 1 TQ

514 RIS HSL 1 5 Str|{ 8|Msc2| 2 TQ

515 RIS HCR 1 W Pro| 9(Msc3| 1 Rvgci

516 FLO SWP 0 5 Swp| 9| Chl| 1 Qa

517 TER TEF 0 w Str| 10 Qpp

518 ALP TEF 0 E Col| 7| Bas2| 2| Nug| 1 TQ

519 HIL FOO 2 N Pro| 10 Rvceg

520 ALP DDE 1 5] Mse3| 8| Colf 1|Msc2| 1 Qham

521 TER TEF 8 5 Str| 10 Qpp

522 TER TEF 1 N Chl| 8| Swp| 2 Qhaj

523 HIL FOO 2 W Pro| 10 Rveg
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524 ALP TEF 0 w Col| 9| Bas2| 1 TQ
525 RIS HSL 1 W| Hwk Fgp| 2|Msc3| 1 Jd
526 HIL HSL 2 W| Hwk| 10 Jd
527 TER DUN 0 5 Pen| 6| Str| 4 TQ
528 PED DDE 1 W| Msc3| 10 Qa
529 ALP DDE 0 N| Msc2| 8|Msc3 1| Nug| 1 Qham
530 ALP DDE 0 51 Msc2| 8|Msc3| 1| Nug| 1 Qham
531 ALP TEF 0 5 Ric| 8| Col| 2 TQss
532 RIS FOO 2 N| Hwk| 6| Inv| 4 Jd
533 HIL HSL 4 E Nrs| 10 Qhcd/Jd
534 RIS HSL 1 w Str Pen| 1 TQ
535 HIL FOO 3 E Nrs| 6| Pro| 3| Hwk| 1| Rvv/Rq
536 PED PLA 1 E Nrs Das| 1 TQ
537 HIL HSL 5 E Nrs| 10 Rvv
538 RIS DDE 1 E Ric| 9(Msc2| 1 Q
539 HIL FOO 2 E Nrs| 10 TQ
540 TER TEF 0 S| Nug| 10 TQ
541 HIL HSL 4 E| Hwk| 7| Nrs| 3 Jd/Qhced
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Appendix 6

Depth to Groundwater (cm) and Conductivity (dS/m) within Coal
River Valley Groundwater Observation Bores
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CRMB 03 CRMB 05 CRMB 06 CRMB 11

Date drilled
EM31v (dS/m)
EM31h (dS/m)
Initial EC
Inner PVC stickup 15.00 24.00 65.00 23.00

Depth to |Field EC|Depth to |Field EC|Depth to |Field EC|Depth to |Field EC
Date sampled Water | (dS/m) | Water | (dS/m) | Water | (dS/m) | Water | (dS/m)
13/09/2001 1.21 3.24 3.54 2.94
DPIWE21/11/2001 24.00 2.00
AW 6/12/2001 119.00 3.16
DPIWE19/12/2001
DPIWE02/01/2002 267.00 1.40| 386.00 1.80| 103.00 330 44.00 2.70
COF 7-10/1/02 259.00 1.20{ 377.00 3.40 82.00 3.80 38.00 2.40
MRT 14/01/02 249.00 1.00| 372.00 2.60 61.00 3.00f 39.00 2.50
DPIWE17/01/2002 239.00 1.20| 351.00 3.20
DPIWE 1/02/02 255.00 1.20{ 358.00 3.00 99.00 3.50| 32.00 3.00
MRT 14/02/02 264.00 1.00| 370.00 2.40 96.00 3.00f 47.00 2.40
DPIWE 15/02/02 260.00 1.20| 362.00 3.10
DPIWE 1/03/02 262.00 1.30| 362.00 3.10] 113.00 3.70| 57.00 3.10
DPIWE 12/03/02 278.00 1.30{ 372.00 3.00
Coffey 13/03/02 275.00 1.89| 372.00 3.77 112.00 4.08] 67.00 3.40
DPIWE 28/03/02 281.00 1.50| 368.00 3.10| 121.00 3.40| 69.00 2.90
DPIWE 10/04/02 288.00 2.00] 366.00 3.20
MRT 8/04/02 288.00 1.50| 368.00 2.50 82.00 2.10
DPIWE 26/04/02 288.00 2.10| 367.00 3.20] 124.00 3.40| 95.00 2.80
DPIWE 10/5/02 288.00 2.10| 370.00 3.30
DPIWE 22/5/02 283.00 2.00] 367.00 3.00| 119.00 3.30| 107.00 2.70
DPIWE 06/06/2002 281.00 2.501 371.00 3.20
MRT 7/06/2002 279.00 2.46| 370.00 3.44 108.00 3.23
DPIWE 20/06/2002 301.00 2.50] 384.00 3.40] 109.00 3.30| 121.00 2.90
MRT 5/7/02 275.00 2.35| 374.00 3.52| 102.00 3.50/ 110.00 3.10
DPIWE 6/07/02 274.00 2.40| 371.00 3.20
MRT 19/7/02 278.00 240 374.00 3.52 105.00 3.52| 116.00 3.21
DPIWE 19/07/02
DPIWE 1/08/02 280.00 2.30| 376.00 3.30
MRT 1/8/02 276.00 2.35| 373.00 3.49| 100.00 3.85| 117.00 3.18
DPIWE 15/08/02 293.00 2.40| 381.00 3.30 89.00 3.40| 127.00 3.00
DPIWE 30/8/02 273.00 2.20] 366.00 3.30
DPIWE 13/9/02 271.00 2.20| 364.00 3.50 98.00 3.50| 126.00 3.20
DPIWE 24/9/02 269.00 2.10| 367.00 3.30 86.00 3.40| 127.00 3.00
DPIWE 8/10/02 273.00 2.10] 366.00 3.40 87.00 3.60| 132.00 3.30
DPIWE 23/10/02 271.00 2.10| 361.00 3.40 84.00 3.50| 133.00 3.20
DPIWE 5/11/02 275.00 2.00] 361.00 3.40 99.00 3.50| 147.00 3.20
DPIWE 21/11/02 289.00 2.00{ 370.00 330 116.00 3.30| 162.00 3.10
DPIWE 2/12/02 300.00 2.00] 365.00 3.30] 121.00 3.50| 170.00 3.30
DPIWE 18/12/02 316.00 1.90| 367.00 3.20] 135.00 3.40| 189.00 3.20
DPIWE 2/1/02 325.00 2.10| 371.00 3.40| 144.00 3.60[ 208.00 3.10
DPIWE 16/01/03 333.00 2.00{ 373.00 3.20| 158.00 3.20| 220.00 3.10
DPIWE 28/1/03 337.00 2.20{ 379.00 3.60[ 156.00 3.60[ 237.00 3.20
DPIWE 11/2/03 339.00 2.10| 385.00 3.30] 158.00 3.50| 250.00 3.20
DPIWE 25/2/03 344.00 2.20| 391.00 3.30] 164.00 3.40| 266.00 3.20
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CRMB 12 CRMB 13 CRMB 16 CRMB 20
Date drilled
EM31v (dS/m)
EM31h (dS/m)
Initial EC
Inner PVC stickup 22.00 27.00 26.00 20.00
Depth to [Field EC|Depth to |Field EC|Depth to |Field EC| Depth to | Field EC
Date sampled Water | (dS/m) | Water | (dS/m) | Water | (dS/m) | Water (dS/m)
13/09/2001 6.75 23.00 3.01 3.46
DPIWE21/11/2001 494.00 19.20
AW 6/12/2001 404.00 19.90
DPIWE19/12/2001
DPIWE02/01/2002 594.00 2.10] 394.00 19.40{ 300.00 2.90( 400.00 3.40
COF 7-10/1/02 681.00 1.70| 381.00 17.40| 392.00 2.90| 724.00 3.62
MRT 14/01/02 673.00 5.20{ 378.00 13.50| 386.00 2.50| 713.00 2.30
DPIWE17/01/2002 370.00 2.50|  650.00 3.40
DPIWE 1/02/02 650.00 4.10] 364.00 19.20| 375.00 2.60| 655.00 3.20
MRT 14/02/02 683.00 5.10] 376.00 14.70{ 393.00 2.40| 720.00 2.60
DPIWE 15/02/02 383.00 2.70|  663.00 3.10
DPIWE 1/03/02 652.00 6.10| 361.00 19.90| 377.00 2.40| 659.00 3.40
DPIWE 12/03/02 398.00 2.70|  685.00 3.10
Coffey 13/03/02 690.00 1.80| 385.00 23.70| 401.00 3.41 728.00 3.84
DPIWE 28/03/02 673.00 5.70| 373.00 19.90| 399.00 2.70|  672.00 3.40
DPIWE 10/04/02 404.00 2.70
MRT 8/04/02 676.00 4.60| 382.00 19.60| 402.00 2.20| 724.00 2.40
DPIWE 26/04/02 681.00 5.70] 392.00 19.00| 408.00 2.80( 730.00 4.20
DPIWE 10/5/02 407.00 2.60( 711.00 3.20
DPIWE 22/5/02 684.00 5.70| 395.00 19.40| 396.00 2.60| 724.00 3.40
DPIWE 06/06/2002 395.00 2.90| 685.00 3.50
MRT 7/06/2002 685.00 6.83| 288.00 24.10| 392.00 3.16] 717.00 3.61
DPIWE 20/06/2002| 699.00 6.40| 406.00 19.40| 394.00 3.00 730.00 3.50
MRT 5/7/02 692.00 6.80| 402.00 24.10| 389.00 3.14|  715.00 3.60
DPIWE 6/07/02 395.00 2.70|  682.00 3.30
MRT 19/7/02 694.00 6.95| 404.00 24.20| 401.00 3.21 717.00 3.67
DPIWE 19/07/02
DPIWE 1/08/02 404.00 2.70
MRT 1/8/02 694.00 7.18| 405.00 24.70|  403.00 3.16] 715.00 3.70
DPIWE 15/08/02 702.00 6.50| 414.00 19.50| 412.00 2.90| 630.00 3.40
DPIWE 30/8/02 409.00 3.00 688.00 3.20
DPIWE 13/9/02 694.00 6.80] 411.00 20.00| 414.00 3.10 685.00 3.30
DPIWE 24/9/02 699.00 6.40| 408.00 19.40| 403.00 2.90| 689.00 3.20
DPIWE 8/10/02 688.00 6.80| 408.00 20.00| 419.00 3.10 689.00 3.50
DPIWE 23/10/02 690.00 6.50| 407.00 20.00| 416.00 3.00 699.00 3.20
DPIWE 5/11/02 690.00 6.60| 408.00 20.00| 423.00 3.00] 691.00 3.40
DPIWE 21/11/02 695.00 6.40| 419.00 19.50| 428.00 3.00 694.00 3.40
DPIWE 2/12/02 701.00 6.50| 417.00 20.00| 426.00 3.10]  729.00 3.30
DPIWE 18/12/02 701.00 6.70| 419.00 20.00| 427.00 3.10|  734.00 3.30
DPIWE 2/1/02 703.00 6.80| 422.00 20.00| 427.00 3.10]  740.00 3.40
DPIWE 16/01/03 704.00 6.10| 424.00 19.50| 431.00 3.00 749.00 3.00
DPIWE 28/1/03 708.00 6.60| 423.00 20.00| 429.00 3.10  750.00 3.50
DPIWE 11/2/03 708.00 6.70| 425.00 20.00| 432.00 3.00 752.00 3.50
DPIWE 25/2/03 712.00 6.70| 428.00 20.00| 434.00 3.00] 761.00 3.30
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CRMB 21 CRMB 22 CG1 CG6
Date drilled 07/12/2001 05/12/2001
EM31v (dS/m) 0.35 1.53
EM31h (dS/m) 0.21 1.15
Initial EC 1.10 5.70
Inner PVC stickup 41.00 48.00
Depth to [Field EC|Depth to [Field EC|Depth to |Field EC|Depth to |Field EC
Date sampled Water | (dS/m) | Water | (dS/m) | Water | (dS/m) | Water | (dS/m)
13/09/2001

DPIWE21/11/2001
AW 6/12/2001
DPIWE19/12/2001 236.00 1.10 72.00 6.50
DPIWE02/01/2002 355.00 7.00{ 437.00 2.00] 195.00 1.10| 103.00 6.80
COF 7-10/1/02 329.00 ? 402.00 ?
MRT 14/01/02 328.00 5.50[ 395.00 1.70

DPIWE17/01/2002 208.00 1.20 53.00 6.20
DPIWE 1/02/02 330.00 6.20[ 407.00 1.70| 212.00 1.20 63.00 6.20
MRT 14/02/02 336.00 6.00[ 402.00 1.60
DPIWE 15/02/02 222.00 1.20 67.00 6.40
DPIWE 1/03/02 326.00 6.80| 387.00 1.60| 210.00 1.20 79.00 6.90
DPIWE 12/03/02 224.00 1.20 90.00 6.70
Coffey 13/03/02 339.00 7.90[ 406.00 2.30
DPIWE 28/03/02 340.00 0.10| 406.00 0.00|] 230.00 1.10| 105.00 6.10
DPIWE 10/04/02 223.00 1.20{ 108.00 7.20
MRT 8/04/02 336.00 4.70| 407.00 0.10
DPIWE 26/04/02 339.00 1.00| 412.00 0.90| 213.00 1.30{ 118.00 6.90
DPIWE 10/5/02 221.00 1.20{ 123.00 6.60
DPIWE 22/5/02 340.00 0.70| 407.00 0.20| 227.00 1.20| 123.00 6.60
DPIWE 06/06/2002 229.00 1.20{ 122.00 6.70
MRT 7/06/2002 336.00 7.18| 406.00 2.02
DPIWE 20/06/2002| 345.00 3.10f 418.00 1.30| 230.00 1.30| 119.00 7.20
MRT 5/7/02 339.00 1.56| 405.00 0.98
DPIWE 6/07/02 232.00 1.20| 107.00 6.20
MRT 19/7/02 340.00 6.02( 408.00 1.82
DPIWE 19/07/02 236.00 1.30 96.00 7.10
DPIWE 1/08/02 240.00 1.20 96.00 6.00
MRT 1/8/02 339.00 7.04( 406.00 1.98
DPIWE 15/08/02 345.00 4.90| 412.00 1.70| 241.00 1.30 50.00 3.40
DPIWE 30/8/02 234.00 1.20 75.00 4.60
DPIWE 13/9/02 338.00 4.70| 407.00 1.60| 239.00 1.10 55.00 3.40
DPIWE 24/9/02 340.00 4.50| 407.00 1.60| 238.00 1.20 58.00 3.20
DPIWE 8/10/02 339.00 4.50| 407.00 1.70|  239.00 1.20 65.00 4.20
DPIWE 23/10/02 337.00 4.50| 402.00 1.70|  233.00 1.30 57.00 3.20
DPIWE 5/11/02 342.00 4.50| 408.00 1.70| 243.00 1.10 74.00 3.20
DPIWE 21/11/02 358.00 4.50| 443.00 1.70|  245.00 1.20 94.00 1.50
DPIWE 2/12/02 345.00 4.50| 411.00 1.60| 244.00 1.10| 105.00 3.50
DPIWE 18/12/02 347.00 4.30| 413.00 1.60| 245.00 1.10| 125.00 3.50
DPIWE 2/1/02 349.00 4.70| 413.00 1.70|  243.00 1.10| 142.00 3.50
DPIWE 16/01/03 352.00 5.10[ 440.00 1.70|  239.00 1.30| 156.00 5.20
DPIWE 28/1/03 345.00 4.70| 420.00 1.90| 239.00 1.30{ 165.00 4.70
DPIWE 11/2/03 344.00 4.70| 415.00 1.60| 239.00 1.20{ 170.00 5.20
DPIWE 25/2/03 349.00 4.90( 420.00 1.60| 243.00 1.20| 178.00 5.70
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CG10 CGl11 CG16 CG21

Date drilled 06/12/2001 07/12/2001 05/12/2001
EM31v (dS/m) 1.70 0.20 0.35 1.53
EM31h (dS/m) 1.30 0.10 0.21 1.15
Initial EC 8.20 0.70 1.10 5.70
Inner PVC stickup | 25.00

Depth to |Field EC|Depth to |Field EC|Depth to |Field EC|Depth to |Field EC
Date sampled Water | (dS/m) | Water | (dS/m) | Water | (dS/m) | Water | (dS/m)
13/09/2001
DPIWE21/11/2001
AW 6/12/2001
DPIWE19/12/2001 | 158.00 8.40 239.00 0.80 236.00 1.10 72.00 6.50
DPIWE02/01/2002 | 150.00 9.10 241.00 1.30 195.00 1.10f 103.00 6.80
COF 7-10/1/02
MRT 14/01/02
DPIWE17/01/2002 | 153.00 8.40 230.00 0.80 208.00 1.20 53.00 6.20
DPIWE 1/02/02 170.00 8.50 230.00 0.70 212.00 1.20 63.00 6.20
MRT 14/02/02
DPIWE 15/02/02 171.00 7.80 240.00 0.80 222.00 1.20 67.00 6.40
DPIWE 1/03/02 174.00 8.60 230.00 0.70 210.00 1.20 79.00 6.90
DPIWE 12/03/02 188.00 7.70 251.00 0.70 224.00 1.20 90.00 6.70
Coffey 13/03/02
DPIWE 28/03/02 195.00 7.30 251.00 0.70 230.00 1.10| 105.00 6.10
DPIWE 10/04/02 198.00 7.90 240.00 dry 223.00 1.20| 108.00 7.20
MRT 8/04/02
DPIWE 26/04/02 203.00 7.60 240.00 dry 213.00 1.30| 118.00 6.90
DPIWE 10/5/02 208.00 7.10 dry 221.00 1.20| 123.00 6.60
DPIWE 22/5/02 209.00 7.20 dry 227.00 1.20| 123.00 6.60
DPIWE 06/06/2002 | 194.00 4.00 dry 229.00 1.20| 122.00 6.70
MRT 7/06/2002
DPIWE 20/06/2002| 195.00 6.40 dry 230.00 1.30| 119.00 7.20
MRT 5/7/02
DPIWE 6/07/02 184.00 5.30 dry 232.00 1.20| 107.00 6.20
MRT 19/7/02
DPIWE 19/07/02 187.00 6.60 dry 236.00 1.30 96.00 7.10
DPIWE 1/08/02 184.00 6.60 dry 240.00 1.20 96.00 6.00
MRT 1/8/02
DPIWE 15/08/02 175.00 6.00 dry 241.00 1.30 50.00 3.40
DPIWE 30/8/02 164.00 6.10 dry 234.00 1.20 75.00 4.60
DPIWE 13/9/02 177.00 6.70 dry 239.00 1.10 55.00 3.40
DPIWE 24/9/02 167.00 6.50 dry 238.00 1.20 58.00 3.20
DPIWE 8/10/02 156.00 7.00 239.00 1.20 65.00 4.20
DPIWE 23/10/02 153.00 7.10 233.00 1.30 57.00 3.20
DPIWE 5/11/02 173.00 7.10 243.00 1.10 74.00 3.20
DPIWE 21/11/02 217.00 7.80 245.00 1.20 94.00 1.50
DPIWE 2/12/02 228.00 7.40 244.00 1.10| 105.00 3.50
DPIWE 18/12/02 236.00 7.90 245.00 1.10| 125.00 3.50
DPIWE 2/1/02 275.00 8.10 243.00 1.10| 142.00 3.50
DPIWE 16/01/03 282.00 7.30 239.00 1.30| 156.00 5.20
DPIWE 28/1/03 297.00 8.10 239.00 1.30| 165.00 4.70
DPIWE 11/2/03 305.00 8.10 239.00 1.20| 170.00 5.20
DPIWE 25/2/03 317.00 8.10 243.00 1.20| 178.00 5.70
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Appendix 7

Aggregate Stability Results
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Appendix 8

Soil Bulk Density Results
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Bulk Density Coal River

Nugent Soil Topsoil Pasture site

Sample ID  |Depth Wet Dry Container Bulk Average
(mm) Weight Weight Weight Density  |g/cm’
Jones Contl [0-75 536.02 452.36 8.86 1.413591
210-75 533.26 458.35 9.21 1.431568
3[0-75 504.58 431.04 9.32 1.34417
410-75 548.23 477.53 9.09 1.493083
5[0-75 504.29 445.59 9.04 1.391439
6[0-75 537.01 462.15 9.01 1.444317
7(0-75 496.75 439.73 9.07 1.372665
8|0-75 565.91 480.96 9.1 1.503984
9{0-75 532.63 473.55 9.09 1.480398
10]0-75 528.24 470.44 9.05 1.470613| 1.434583
Nugent Subsoil Pasture Site
Sample ID  |Depth Wet Dry Con. Bulk Average
(mm) Weight Weight Weight Density  [g/cm3
Jones Contl [300-375 597.15 512.41 9.08 1.60429
21300-375 639.22 555.03 9.11 1.74004
3{300-375 616.23 530.35 9.11 1.661376
41300-375 606.45 518.15 9.04 1.622713
5{300-375 630.16 549.98 9.15 1.723816
6{300-375 593.57 519.48 8.74 1.627908
7{300-375 618.59 532.02 9.07 1.666826
8|300-375 634.83 560.55 9.35 1.756869
9{300-375 620.27 537.6 9.65 1.682763
10]300-375 610.56 540.18 8.74 1.693887( 1.678049
Nugent Crop Topsoil Site
Sample ID  |Depth Wet Dry Con. Bulk Average
(mm) Weight Weight Weight Density g/cm3
Jones Cropl [0-75 399.36 348.24 9.29 1.080353
210-75 384.2 340.39 9.09 1.05597
3[0-75 373.22 328.79 9.05 1.019124
410-75 408.36 364.37 8.98 1.132753
5{0-75 366.47 323.39 9.05 1.001912
6[0-75 354.99 315.87 9.08 0.977848
7(0-75 460.81 393.57 9.04 1.225633
8|0-75 371.19 328.17 9.07 1.017084
9{0-75 377.51 327.84 9.09 1.015969
10]0-75 368.63 331.86 8.71 1.029993| 1.055664
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Nugent Crop Subsoil Site

Sample ID  |Depth Wet Dry Con. Bulk Average
(mm) Weight Weight Weight Density  |g/cm3
Jones Cropl |300-375 551.82 465.44 8.8 1.455473
2{300-375 514.93 423.69 8.77 1.322496
3{300-375 500.55 419.88 8.78 1.310321
41300-375 494.65 390.54 8.89 1.216453
5[300-375 465.6 372.86 8.83 1.160292
6[300-375 549.19 465.81 8.83 1.456556
7(300-375 580.46 487.34 8.73 1.525499
8[300-375 586.28 515.47 9.14 1.613852
9(300-375 488.11 404.5 8.75 1.261395
10300-375 535.59 45491 9.3 1.420316f 1.374265
Bas 1 Pasture Topsoil Site
Sample ID  [Depth Wet Dry Con. Bulk Average
(mm) Weight Weight Weight Density  |g/cm3
Munning 1 |0-75 488 404.29 9.16 1.259419
210-75 505.2 431.05 9.17 1.34468
3|0-75 510.06 432.64 9.16 1.34978
410-75 483.88 416.78 8.75 1.300535
5[0-75 497.04 407.27 8.73 1.270287
6]0-75 518.23 424.14 8.87 1.323612
710-75 486.86 392.34 8.9 1.222158
8[0-75 485.68 415 9.11 1.293715
910-75 483.02 425.8 9.09 1.328202
10]0-75 483.29 392.94 8.68 1.224772 1.291716
Bas 1 Pasture Subsoil Site
Sample ID  |Depth Wet Dry Con. Bulk Average
(mm) Weight Weight Weight Density  |g/cm3
Munning 1 |300-375 560.08 459.47 9.32 1.434787
2{300-375 556.84 461.97 9.23 1.443042
3[300-375 572.03 455.68 9.12 1.423344
41300-375 593.6 5144 8.93 1.611111
5[300-375 528.04 441.95 8.95 1.380124
6[300-375 579.71 479.94 9.19 1.500446
7(300-375 564.79 468.68 8.72 1.466055
8[300-375 530.05 437.89 9 1.367024
9(300-375 547.85 432.79 8.95 1.350928
10300-375 529.98 416.59 8.84 1299643  1.42765
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Bas 1 Crop Topsoil Site

Sample ID  |Depth Wet Dry Con. Bulk Average
(mm) Weight Weight Weight Density  |g/cm3
Zantuck 1 0-75 355.76 317.05 9.09 0.981577
210-75 383.25 365.12 9.19 1.134474
3[0-75 379.07 347.35 9.27 1.07758
410-75 429.6 380.92 8.98 1.185504
5(0-75 409.74 338.73 9.19 1.05036
6(0-75 378.1 333.73 8.74 1.035858
7(0-75 430.2 372.11 8.99 1.157391
8|0-75 348.17 302.9 8.83 0.937305
9(0-75 414.05 354.3 8.93 1.100816
10]0-75 449.08 395.25 9.16 1.230605| 1.089147
Bas 1 Crop Subsoil Site
Sample ID  |Depth Wet Dry Con. Bulk Average
(mm) Weight Weight Weight Density  [g/cm3
Zantuck 1 300-375 583.39 411.16 9.15 1.281348
21300-375 498.28 366.8 8.7 1.141391
3{300-375 462.96 351.78 9.06 1.092369
4{300-375 554.86 457.1 9.07 1.42803
5{300-375 525.01 379.6 9.27 1.180372
6{300-375 517.74 399.95 9.03 1.246
7(300-375 489.48 352.1 9.02 1.093517
8|300-375 474.83 332.87 9.04 1.03216
9(300-375 496.66 358.59 9.06 1.114075
10{300-375 491.84 377.25 9.06 1.173551| 1.178281
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