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1. Objective

a) Collection of undisturbed soil samples from 3 sites at the Sherwood Arboretum
at four depths/site (0.1m, 0.4m, 0.7m and 1m) with three replicates per depth
for the purposes of undertaking laboratory tests for assessment of hydrological
properties.

b) Laboratory testing on one soil core for each depth at each sampling site (12 tests
in total) for derivation of the water retention curve; saturated hydraulic
conductivity and bulk density. Untested samples will be retained for back-up
purposes.

) For each sample, fitting of the water retention curve data to a standard
unsaturated soil physics model and derivation of the unsaturated hydraulic
conductivity function.

2. Sampling

The Sherwood Arboretum was visited on 29 March 2017 by Thomas Baumgartl and
Vinod Nath (SM], The University of Queensland) for soil core sampling.

Three sampling sites were selected in discussion with Bruce Cheeseman (Brisbane City
Council; Figure 1). The criteria for the selection of the sampling sites were

* vicinity to trees, which were potentially exposed to high moisture conditions
being situated close to the pond at a low lying location and identified as
‘unhealthy’ (site 1)

* alocation close to the pond and in a similar low lying environment as site 1,
but in the vicinity of ‘healthy’ trees (site 2)

* acontrol site in the vicinity of ‘healthy’ trees on a topographically higher
position above the pond water level (site 3).

Gravimetric vs. volumetric water content

Volumetric water content rather than the standard geotechnical industry gravimetric
water content is used in this report to compare water contents. This means of
describing water content has been adopted as it allows for water contents to be
normalised to the volume of soil and facilitates a direct comparison of values. Hence,
volumetric water content takes indirectly into account the dry (bulk) density of the soil
and allows direct quantification of water volumes available or stored within a soil
volume.

i : Vol
Volumetric water content Oy is calculated as: 0, = ——=ter
Volgry soil
i i ; Weight
Gravimetric water content 0 is calculated as: @; = ——2—water_
Weightary soil

The volume of water and weight of water can be assumed as equal values.

Volumetric water content Oy and gravimetric water content 8¢ are linked via the
calculated dry (bulk) density BD of the soil, i.e.

eV = BDdry_soil * GG



Figure 1. Sampling locations for site 1, site 2 and site 3

3. Methodology

a. Field sampling

Test pits were prepared with support of an excavator. Each test pit was dug to a depth of
approximately 1.1m and had a width of approximately 0.6m.

Sampling depths for each pit were 0.1m, 0.4m, 0.7m and 1m. Four sampling rings
(diameter: 56mm; height 39mm) were taken at each depth for the purpose of
characterising the hydraulic properties of the soil (water retention curve and saturated
hydraulic conductivity) plus providing three replicate samples.

The depths were labelled as '10-1’ for depth 0.1m, replicate 1 up to ‘100-4’ for depth 1m
and 4th replicate sample for each site. In total 16 samples were collected per test pit. The
site location was added as a prefix to each sample as a final identifier (e.g. ‘Site1-70-3’
explains the 3rd replicate sample taken at the depth of 0.7m of site 1).

For each depth a bulk soil sample was collected for the high pressure plate desiccation
test and for other potential tests. The samples were trimmed in the field of excess soil,
packed between lids on either side and immediately stored in a sealable plastic bag to
avoid any uncontrolled water loss by evaporation.



b. Test for soil physical and hydrological properties

Water content at the time of sampling

One soil core from each site/depth was tested in the laboratory to determine the actual
water content prior to any hydrological test. The samples were weighed and the
volumetric water content calculated following drying at 105°C at the end of each of the
tests.

Soil saturated hydraulic conductivity ksat

Soil cores from each depth were slowly wet up to saturation by standing the core in a
container of water to a depth of 10mm. The level of water was gradually increased until
it was half way up the base of the core. Once saturated, the core was placed in Tempe
type flow cell. Flow direction was from bottom to top to avoid any air inclusion. The
hydraulic gradient was kept constant using the Mariotte-bottle principle for controlling
the inflow water pressure. The outflow was collected in a 100ml PVC bottle. Evaporation
from the bottle was prevented by pushing the outflow tube through a pre-drilled hole in
the lid of the collection bottle. The hydraulic gradient, the volume of outflow and the
time required were recorded for the calculation of ksat.

Water retention characteristic (WRC)

One saturated core of each sampled depth was placed on a sand-based tension table and
intervals of suction were applied to provide specified water suctions. The applied
suctions were 10, 20, 30, 100, 300hPa. The soil water content after each suction
application was back calculated from sample weight once equilibrium was reached. The
volumetric water contents at the seven test suctions (the five test suctions plus the
calculated volumetric water content at saturation and high pressure desiccation at a
pressure equivalent to a suction of 5000hPa) were used to fit a continuous function
using the van Genuchten model.

Soil dry bulk density

The dry bulk density was determined from the soil cores used for the determination of
the WRC following the last step of desiccation of 300hPa. The soil cores were dried in an
oven at 105°C. Drying time is standardized to 24 hours.

Dry bulk density was calculated as: (Ws - Wc) + Vc, where Vc is the core volume, Ws is
the combined weight of the oven-dried soil and soil core ring and Wc is the weight of the
soil core ring.

Fitting of van Genuchten parameters

The water retention characteristic (WRC) was calculated from the seven measurements
of water content at various water suctions and fitted to a continuous function using the
model of van Genuchten (van Genuchten 1980). This model normalises the measured
water content using:

6—06
9(1/’M)=9—r

S_er

Equation 1: Normalised water content
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Figure 3: Site 2 water retention curves
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Figure 4: Site 3 water retention curves

The results show that the hydraulic characteristic of the soil between the three sites are
very similar, Site 1 shows the highest calculated and measured total pore volume for
most of the depths compared to site 2 and 3. Site 3 shows its largest pore volume at
0.7m depth, site 2 has the highest pore volume and lowest bulk density in the depths
0.1m and 0.4m. From the general trend it can be deduced that there are no significant
differences in the pore size distribution across the sites and there is a trend of
decreasing total pore volume with depth for all sites. All sites show that the proportion
of finer sized pores increases with increasing depth, which will overall lead to less
permeability with depth.

The water content at field capacity (water suction at 102 hPa; dotted line in Figures 2 to
4) is very similar across depths and sites and slightly lower in the two lower depths of
site 3.

The volumetric water contents at the time of sampling were in general driest at site 3.
Sites 1 and 2 are moist, with site 2 moister than site 1. Despite the increase in water
content with depth, the water suction calculated using the water retention curve is
increasing with depth, i.e. the ability for water uptake by plants becomes more difficult
at depth. The large suction values presented in Table 1 indicate that the soil, despite its
moist appearance, is “dry” from a plant physiological perspective.

Air capacity describes the proportion of pores available for free drainage and a measure
of the potential for gas exchange from and into the soil. The air capacity, i.e. the pore
volume between saturation and field capacity is less than 2.5%, for some depths even
less than 1% (only for site 3, 0.7m an air capacity of 4% is calculated). These values are
very low and well below optimal values. A lower limiting threshold for plant growth in
literature has been set to around 5% air capacity.

The water suctions calculated from the van Genuchten parameters show that all
measured water suction at the time of sampling were well above the suction at field
capacity indicating there is no free water at any of the depths. This coincides with the
observations during sampling, where the soil across all depths and sites was described
as moist, but not wet.






7. Appendix

Results of fitting of measured water retention data with van Genuchten model. Each
data point consists of the average of water content measurements of two samples
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Appendix C Remediation Option Plans

Cl
C2
C3
C4

Concept Drainage Plan
Costing of Drainage Plan
Soil Remediation and Drainage Plan

Costing of Soil Remediation and Drainage Plan
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Characterisation - 2023
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GPO Box 1434 Brisbane Qld 4001
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www_brisbane._qld.gov.au

30 June 2023

Project Manager. Water Management

City Projects Office

RE: Factual Report — Monitoring well installation, Sherwood Arboretum and Oxley Creek Common

Version: rev 0 Date: 30/06/2023 | CM:CA23/689349

1. Introduction

City Projects Office (CPO), Contaminated Land Services (CLS) were requested by CPO Water Management to
undertake a targeted soil and groundwater investigation at two sites, Sherwood Arboretum, located at Jolimont
Street, Sherwood and Secret Forest located at Oxley Creek Common, Sherwood Road, Rocklea (refer Figure
1, Attachment A). Historically, heritage listed Kauri pines (Agatha Robusta) in Sherwood Arboretum have been
declining after flooding events, with replacements installed on “boxing” and subsequent mounding to elevate
trees above surrounding soil levels. With several consecutive La Nifia seasons between late 2020 to mid-2022,

including flooding in 2022, Kauri pines have continued to decline.

This investigation was commissioned to provide factual soil descriptions, soil analysis and groundwater levels
over time. This letter report summarises the initial investigation works undertaken, with follow up monitoring
updates to be supplied in due course.

1.1 Objectives

The objectives of the investigation were to provide data of the soil and groundwater conditions at the targeted
locations.

1.2 Scope

The scope of works is detailed in the Project Delivery Agreement (refer CA23/533930). The methodology
adopted for the field work is contained within Attachment B. The scope of works is defined as:

Pre-field — project health and safety plan, Before You Dig Australia underground services search, engagement of
contractors (underground services & driller).
Site inspection — undertake underground services location and clearance of investigation locations.





