4) Site & soil evaluation

4.1 Site description

4.1.1 Location

The site is approximately 256ha in area and
is located on Tweed Valley Way at Yelgun
on the NSW North Coast. The site is
accessible from Tweed Valley Way, Jones
Road and Wooyung Road.

The site is bounded to the north and south
by rural properties, to the west by rural
properties and Tweed Valley Way and to
the east by rural property and
environmental reserves.

41.2 Vegetation

Clearing of native vegetation was originally
undertaken to facilitate the cultivation of
sugarcane and grazing of cattle.
Approximately 67% of the site is now
pasture land used for grazing. Dense
vegetation remains across the remainder of
the site with 33 % identified within Council
mapping as High Conservation Vegetation.

4.1.3 Geology

A review of the Geological Survey of New
South Wales and Queensland 1:250 000
Geological Series sheet no. SH56-3 ‘Tweed
Heads’ indicates the low lying portions of
the site are underlain by Quaternary
alluvial deposits of sands, silts and clays
overlying Pleistocene sand deposits which
were former beach fronts. The ridge
accommodating Jones Road and the more
elevated portions in the west of the site are
formed on greywacke, slate, phyllite and
quartzite of the ancient Silurian
Neranleigh-Fernvale group.

4.1.4 Topography

A large proportion of the site is comprised
of low lying, low relief alluvial plains. The
land surface in these areas ranges from
approximately RLZm Australian Height
Datum (AHD) in the east, rising gently to
the west up to approximately RL3.5m AHD.

Low hills (to RL 60m AHD) are situated on
the Neranleigh Fernvale metasediments,
which border the site in the northwest and
traverse the site from west to east in a
ridge in the vicinity of Jones Road.
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The site slopes range from level (0%) on the
low lying land to steep (40%)" on the low
hill areas, however the average slopes on
the hills are more moderately inclined.

4.1.5 Soils background data

Morand (1996)° has identified and mapped
the soil landscapes from Ballina to Tweed
Heads and identified four soil landscapes
on the site. These included:

The Billinudgel erosional soil landscape was
identified on the ridges formed over the
Neranleigh Fernvale metamorphics. The
soils in this landscape are generalized as
moderately deep, well to moderately well
drained red and yellow podzolic soils and
yellow earths.

The Kingscliff soil landscape (b variant) was
identified in the alluvial flats to the north
of Jones Road. This is an Aeolian derived
soil landscape and is characterized by
extremely low level, low relief Pleistocene
sand sheets overlying peat or alluvium. The
soils are generally deep well drained
Podzols and are constrained by
waterlogging and high water table.

The Crabbes Creek alluvial soil landscape
was identified in the western end of the
southern portion of the site (south of Jones
Road). This landscape is typified by level to
gently undulating alluvial terraces within
the valley flats between ridges on the
Neranleigh Fernvale metamorphics. Soils
are typically well drained alluvial clays and
clay loams. Waterlogging and high water
table are common.

In the eastern portion of the southern
alluvial flats the Pottsville soil landscape
was identified. Like the Kingscliff
landscape, this is an Aeolian derived soil
landscape and is characterized by poorly
drained depressions between Pleistocene
sand sheets and dunes. The soils are
generally poorly drained Podzols, Humic
Podzols and Humic Gleys and are
constrained by waterlogging and
permanently high water table.

4 icDonald, R.C., Isbell, R.F., Speight, 1.G., Walker, J.
and Hopkins, M.5. 1990. Australian Soil and Land
Survey Field Handbook. Second Edition. Inkata Press,
Melbourne.

® Morand, D.T. 1996. Soil Landscapes of the

Murwillumbah — Tweed Heads 1:100,000 Sheet. NSW
Department of Land and Water Conservation, Sydney.
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4.1.6 Soils classification and distribution

Gilbert & Sutherland conducted a Soil
Survey at the site in March 2010 which
involved the drilling of investigative
boreholes and collection of samples from24
locations. A total of three main soil orders
(or types) were identified on the site. These
were Podosols, Hydrosols and Kurosols. The
borehole locations and soils map for the
site are shown on Drawing No. GJ0926.1.3.

A brief description of the characteristics of
each soil order is given below (Isbell, 1996)
and described in the borelogs, which are
attached as Appendix 1.

Podosols

These are soils which possess either a Bs
horizon (visible dominance of iron
compounds), Bh horizon (organic-
aluminium compounds) or Bhs horizon
{organic-aluminium and iron compounds).

Hydrosols

These are soils that are saturated in the
major part of the solum for at least 2-3
months in most years.

Kurosols

These are soils that have a strong texture
contrast between A horizons and strongly
acid B horizons. “"Many of these soils have
some unusual subsoil chemical features
{high magnesium, sodium and aluminium).”

Comment - Kurosols are highly erodable “in
high rainfall so best left under forest cover”
(rural resource book)

In general the soils on the site can be
grouped into three main areas. The low-
lying areas on the north and southeastern
areas of the site, those at the base of the
hill slopes through the middle of the site,
and the soils associated with the higher hill
slopes in the northwest and ridgeline in the
middle of the site.

Soils located on the low-lying land to the
east of the site were generally classified as
Podosols comprising an organic A1
horizon and a Bs horizon with visible iron
compounds, overlying sand.

Soils located in the low lying areas at the
base of the hill slopes in the north are
generally saturated for at least 2-3 months
of the year and classified as Hydrosols.

Mottles and gleying indicating anoxic
conditions were evident.

Kurosols occurred mainly on the hill slopes
of the north-western area of the site and
middle ridgeline. These soils have a B2
horizon which is strongly acid and reflect
the overall geology of the hills with
Kurosols associated with the acidic
metasediments of the Neranleigh Fernvale

group.

4.1.7 Dispersivity

Dispersion describes the tendency for the
clay fraction of a soil to go into colloidal
suspension where unlimited swelling and
disintegration of some of the clay particles
forms a colloidal cloud around the sample
{(Emerson & Seedsman, undated). This
attribute provides an indication of the soils
ability to accept effluent in the long term
with a dispersive soil being more
susceptible to a decline in structure and
consequent waterlogging.

’

The results of modified Emerson Class
testing of the samples collected from the
site are detailed in Table 4.1.7.1.

Table 4.1.7.1 Emerson Class testing results

Depth (m) Emerson
Sample ID From To Number
BHO2 0.00 0.15 2M
BHO2 0.26 0.60 2M
BHO3 0.00 0.15 2M
BHO3 0.20 0.80 4/7M
BHO4 0.00 0.20 4/7M
BHO4 0.40 1.00 3M
BHO5 0.15 0.50 2M
BHO6 0.00 0.40 2M
BHO6 0.60 1.00 2M
BHO7 0.00 0.40 4f/7TM
BHO7 0.40 0.70 2M
BHO8 0.00 0.35 2M
BHO8 0.50 1.00 1M
BH09 0.10 0.35 4/7M
BH09 0.35 1.00 2M
BH10 0.15 0.28 4/7TM
BH10 0.38 1.00 2M
BH11 0.00 0.50 2M
BH11 0.70 1.00 4/7M
BH12 1.00 0.35 4/7TM
BH12 0.35 0.60 2M
BH13 0.00 0.45 3M
BH13 0.45 1.00 4/7TM
BH14 0.00 0.30 4/7M
BH14 0.55 0.90 2M
BH15 0.00 0.25 4/7M
BH15 0.45 1.00 2M
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BH16 0.00 0.25 2M
BH16 0.60 1.30 2M
BH17 0.00 0.40 2M
BH17 0.50 1.00 2M
BH18 0.00 0.40 2M
BH18 0.50 1.00 2M
BH19 0.00 0.20 2M
BH19 0.35 1.00 2M
BH20 0.00 0.15 2M
BH20 0.15 0.25 2M
BH21 0.05 0.25 2M
BH21 0.25 0.50 2M
BH22 0.04 0.28 2M
BH22 0.28 0.75 2M
BH23 0.00 0.20 2M
BH23 0.20 0.50 2M
BH24 0.00 0.20 2M
BH24 0.35 0.60 2M

An Emerson number of 1M indicates a
strongly dispersive soil. Materials of Class
1M to 3M will generally require some
treatment during establishment of the
disposal areas including deep ripping and
addition of gypsum.

An Emerson number of 8M is considered to
be inherently non-dispersive, whilst an
Emerson number of 4/7M indicates a soil
with slight or no dispersion tendencies.

The majority of the topsoil and subsoil
samples tested exhibited Class 2M
characteristics. This indicates that soil
amendment will be necessary for the
proposed irrigation areas as the subsoils
below 0.3m near surface level may be
disturbed. It is also recommended that
gypsum be added to improve soil structure.

4.1.8 Permeability

To ascertain which soil types have the most
favourable permeability characteristics for
the application of treated effluent,
permeability testing using a Cromer
Constant Head Permeameter was
undertaken. The Constant Head Method was
used to ascertain the hydraulic conductivity
of near surface, unsaturated soils.

The permeameter consisted of a water-
tight 120mm diameter, 6L capacity, clear
acrylic graduated water reservoir, with a
PVC delivery tube. Upon addition of water,
the rate of water loss was recorded until a
semi-steady state of water loss was reached.
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A representative hydraulic conductivity for
the given soils was then calculated.

Permeability testing using the constant head
permeameter was undertaken at three (3)
borehole locations (BH2, BH14 & BH15). The
boreholes were constructed to a minimum
depth of 0.9m using a 90mm@ auger.

The borehole locations are shown on
Drawing GJ0926.1.3. No groundwater was
intercepted during the construction of these
boreholes. The results of soil permeability
testing are presented in Table 4.1.8.1 and
the data is presented in Appendix 2.

Table 4.1.8.1 Permeability results

BH 2 0.032
BH 14 0.6
BH 15 0.36

The results for the representative borehole
tests indicate a moderate range of soll
permeability with infiltration measured at
between 0.032 and 0.6m/day for the soils
within the area of investigation.

This result corresponds with the indicative
permeability reported in AS/NZ51547:2000
for Category 5 moderately structured light
clays similar to the geology encountered
during borehole constructions. Based on
these measured field permeability and the
suggested indicative permeability a design
loading rate of 12mm/day was adopted for
calculating the size of the
evapotranspiration area.

Given the conditions encountered on-site
and within the boreholes constructed
during the wastewater investigation, the
most efficient wastewater disposal method
for the proposed allotments would be
those systems that adopt surface or shallow
subsurface irrigation.

4.1.9 Soil loss modelling

For the site soils, a conservative K factor of
0.04 was adopted using Table 2 of the
SOILOSS Technical Handbook (NSW Soil
Conservation Service, 1993). This assumes a
soil organic matter content of 2%. The K
factors for the different soil texture classes
identified on-site are as given in Table
4.1.9.1.
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Table 4.1.9.1 SOILOSS K Factor based on
texture

Soil Texture Suggested K Factor

Silty clay 0.025
Light to medium clay 0.018
Medium clay 0.015
Heavy clay 0.012

Slope gradients of 2.5%, 5% and 10% were
used to represent the slopes likely to be
disturbed during construction of the
development with slope lengths of
approximately 100m prior to construction
phase. Similarly, gradients of the same
slopes were used with slope lengths of 30m
representing sediment and erosion control
devices in place during the construction
phase. An R value of 7000 was also used in
the estimates. A surface cover condition of
‘no mulching or seeding’ was used to
represent the disturbed {construction
phase) case and a cover condition of ‘well
established grasses was used to represent
the operational phase.

In terms of the relevance of the 30m slope
lengths, these were selected on the basis of
the minimum practicable spacing of controls
{for example, catch drains or diversion
channels) employed to control runoff from
exposed surfaces.

The estimated potential soil losses for the
particular slope classes and slope lengths are
presented in tables 4.1.9.2 and 4.1.9.3
below. The SOILOSS outputs are presented
in Appendix 3.

Table 4.1.9.2 Estimated soil loss t/ha during
construction phase assuming ‘'no mulching
or seeding’

Table 4.1.9.3 Estimated soil loss t/ha prior
during operational phase assuming ‘well
established grass’ cover.

Calculated
Slope Length potential soil loss
(%) (m) from erosion
(t/halyr)

30 0.91
25 100 1.3
5 30 1.8
100 2.9
30 3.8
L 100 7.1

quantities for these qualitative categories
mentioned above and these are presented
in Table 4.1.9.4 (Rosewell, (1993), NSW
Department of Housing, (1998 ).

Table 4.1.9.4 SOILOSS Qualitative

categories

Soil Loss  Calculated soil Erosion

Class loss (t/ha/yr) Hazard

1 <250 Very Low

2 251 -300 Low
Low to

3 20 ~Bra Moderate

4 376 - 500 Moderate

5 501 -750 High

6 751 - 1500 Very High

7 1501 — 3750 Extreme

Calculated
Slope Length potential soil loss
(%) {m) from erosion
{t/halyr)

30 91
& 100 128
5 30 180
100 292
30 383
10 100 715

The qualitative categories of erosion hazard
used are low, moderate, high, very high
and extreme (Houghton and Charman,
1986). The SOILOSS model (Rosewell, 1993)
was originally used to derive soil loss

4-4

Therefore, based on the results of the soil
survey, the modelling of the critical
construction phase slopes and erosion
hazard categories presented, the overall
soil erosion hazard can be classed as "Very
Low’ on the basis of the aforementioned
base case and construction phase scenarios
depicted by SOILOSS modelling.

4.1.10 Erosionrisk

Based on the results of the SOILOSS
modelling, soil erodibility will potentially
be ten times greater during the
construction phase (reduced ground cover)
than the operational phase (established
ground cover). Based on these findings,
contractors will need to take care during
construction works to limit and manage the
exposure of soils.

Based on the results of the soil survey, the
modelling of the critical construction phase
slopes and erosion hazard categories
presented, the overall soil erosion hazard
can be classed as “Very Low’ considering the
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