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1. Scope

This report has been developed to present the findings of a hydrogeological investigation
undertaken to identify the suitability of the underlying geology and ground water for the
proposed development of the Barcaldine Waste Management Facility. Located on
Yellowjack Drive approximately 4km south west of the township of Barcaldine.

Figure 1 Location Map - Barcaldine Waste Management Facility

Barcaldine

2. Introduction

An investigation has been conducted to determine the geotechnical properties of the
underlying geology and groundwater levels at the site. The investigation was done in two
stages:

i) Test Hole Drilling and Sampling: The first stage of the investigation included the
drilling of test holes to determine if a shallow water table was present and whether
a considerable level of separation could be achieved between the proposed landfill
cell base (proposed depth 7m) and the water table. Another aspect of this initial
investigation was to determine the characteristics of the underlying geology of the
site and take core samples for analysis below the proposed landfill cell.

ii) Landfill Cell Base Sampling: A second round of material testing investigations were
undertaken to analyse the characteristics of the insitu material immediately below
the base of the landfill cell. These tests were conducted primarily to determine if
the insitu material at the base of the landfill cell possessed hydraulic conductivity
values capable of restricting the leaching of contaminants to the groundwater
system to avoid contamination. These samples taken immediately below the landfill
cell were also tested for Atterberg Limits and Moisture Density Relationships.
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3. Investigation Methodologies

3.1 Test Hole Drilling and Sampling

Four test holes were drilled at 2 locations; a southern and a northern location. The
southern location is mid-way along the southern boundary of the facility and the
northern location is adjacent to the southern test hole location on the northern
boundary. Table 1 below provides a summary of the test hole locations and
depths.
Table 1 Test Hole Locations and Depths

Test Hole ID Location - Lat | Location - Lon | Depth (m)

001 | Southern | -23.587602 145.265333 04.0

002 Site -23.587584 145.265333 18.0

003 | Northern | -23.585134 145.265131 11.2

004 Site -23.585116 145.265131 04.0
Soil samples were taken at the lower depths of Test Hole 002 to determine the soill
properties of the material underlying the proposed landfill cell. The core samples
were taken at 8-12m, 14-15m and 16-17m depths, these samples were tested for
Particle Size Distribution and Atterberg Limits.

3.2 Landfill Cell Base Sampling

Following the initial test hole sampling, materials tests were conducted
immediately below the landfill cell base in 4 locations at depths of 0.5m and 1.5m,
approximately 7.5 and 9 m below ground level. For each sampling point Atterberg
Limits, Moisture Density Relationships and Permeability Testing was conducted.
A summary of testing points and locations are provided in table 2 below.
Table 2 Landfill Cell Base Sampling Locations and Depths

Sample ID Location - Lat Location - Lon Depth (m)

WS17-8 -23.585538 145.266160 0.5

WS17-9 -23.585538 145.266160 1.5

WS17-10 -23.585576 145.266286 0.5

WS17-11 -23.585576 145.266286 1.5

WS17-12 -23.585315 145.266169 0.5

WS17-13 -23.585315 145.266169 1.5

WS17-14 -23.585330 145.266359 0.5

WS17-15 -23.585330 145.266359 1.5

4. Results

4.1 Test Hole Drilling and Sampling

Groundwater

As detailed in table 1 four test holes were drilled in two locations, with a shallow
and a deeper test hole drilled at either location. On the southern drilling site Test
Hole 002 was drilled to a maximum depth of 18m and at the northern site a
maximum depth of 11.2m was reached at Test Hole 003. The drilling logs identified
that ground water was not reached at these depths. Regular inspections since the
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time of drilling have taken place to determine if fluctuations in water table depths
occur and can be detected at these depths.

Underlying Strata

As the test hole sites were drilled a description was made for the different strata
types encountered during drilling in the Drilling Log Forms. The underlying strata
found at the drilling locations showed a high level of consistency between drilling
locations in the strata type and horizon depths. A summary of the underlying strata
based on the Drilling Log Forms is provided below in figure 2. Drill Log Forms are
attached in Appendix 1a.

Figure 2 Summary of Drill Log Strata Descriptions

Sandy material. Described as yellow sand —
sand with a horizon depth of 2.5-3m.

Silt Stone. Strata thickness 1.7-1.8m and horizon
depth of 4.3-4.8m.

Sand Stone. Described as Sand Stone — Red
and White Sandstone with strata thickness of 2.6-
2.7m and 7-7.4m horizon depth.

Clay Material. Test Hole 002 describes brown
sandy clay between 7.4 and 10m moving into
brown-yellow clay to 18m. Test hole 003
describes brown-yellow clay from 7-11.2m.

Materials Testing Core Samples

Core samples were taken from Test Hole 002 at 8-12m, 14-15m and 16-17m
depths. These samples were taken to determine the properties of the materials
underlying the proposed landfill cell. The samples were tested for Particle Size
Distribution and Atterberg Limits. A complete set of core sample Quality of Materials
Reports are attached in appendix 1b. A summary of test results are provided below
in table 3.

Table 3 Materials Testing Core Sample Summary

Sample Liquid Limit % | Plastic Index % | Linear Shrinkage %

Location 1

8-12m Depth 59 39 17
Location 2

14-15m Depth 7 24 19
Location 3

16-17m Depth 7 48 19.5
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4.2 Landfill Cell Base Sampling

Following the initial test hole investigation, further testing was conducted on the
materials directly underlying the landfill cell. Analysis of the hydraulic conductivity
and physical characteristics of the material was conducted, to determine the
capacity of the material to restrict the leaching of contaminants beyond the vicinity
of the landfill cell base. In order to determine the suitability of the insitu material
underlying the landfill cell a range of tests were conducted, including; Moisture
Density Relationship testing, Atterberg Limits and Permeability testing. A
summary of these results are provided in table 4 on the following page.

George Bourne & Associates Barcaldine Regional Council
March 2017 140010



0Loovi L10¢ Ydley

[1oUn0Y) [euoibay auipjedieq S9)eI100ssY g auinog abioag)
LL'€E9 600-3¢ cl 88l e A 9'lc gl GL-LISM 1%
GZ'sc 0l0-38 L'l 1681 8'¢ V. ¥'0c G0 L-LLSM 1%
GZ'sc 0l0-38 8¢l 288’ 9¢ 6l ¥'Ge gl €L-LISM €
LL'€9 600-3¢ €Ll Gle'l 8¢ c6l 44 G0 CLl-LISM €
Ge'e8l 600-39 L'l 061 A 8'Lc ¢'lc gl LL-LZLSM c
0¥'8¢ 0l0-36 ecl 9981 e c'le 8'G¢c G0 0L-LISM c
0v'8¢ 0l0-36 6Ll 6l 9'¢ c6l yXé gl 6-LLSM I
L9'V6 600-3¢ vl 7998’1 v'c V6l 9'v¢ G0 8-LLSM I
1A sjw (%) 3usuod (ewp) (%) (%) (%) W) | sequnp
KAyjigeswuag KAyjigeswuag aIn3sIoN Ajsuap Aip abejulys Xxapul ywi uol}eoso]
yydeqg | 9|dwesg
JO JUBIDIB0D JO JUBIDIB0D wnwido winwixew Jeauln Ayonseld | pinbi

139 l1ypue] Buihpapun eusje - synsay Bunsa] |10g jo Arewwng ¢ a|qe L

G obed yoday uonebiysanu| |eaibojoabolpAH
Ajjioe4 juswabeuely 8)sep) — [IOUNO) [euoibay auipjedleqg



Barcaldine Regional Council — Waste Management Facility
Hydrogeological Investigation Report Page 6

5. Discussion

5.1

5.2

Test Hole Drilling and Sampling

One objective for the drilling of test holes was to determine if a suitable distance
of separation could be achieved between the proposed landfill cell base and the
uppermost groundwater aquifer. The drilling of test holes at varied depths from 4m
to 18m did not locate a water aquifer. Since the test holes were drilled they have
been inspected regularly, particularly after large rainfall events to determine if
water persists at these depths, water has not been identified at these locations.

The strata descriptions from the 4 test hole locations indicate a uniform strata
formation across the site. As depicted in Section 4.1 figure 2 the upper strata layer
is a sandy layer associated with the naturally occurring sandy loam plains
encountered in the district. This sandy material then transitions into what is
described as a silty material; then into a more solidified material described in the
drilling logs as a sandstone type material. Underlying this sandstone material at
approximately 7m depth the material has been described as a clay material.

The Quality of Material Reports for the core samples tested from test hole 002
provide information relating to the type of material underlying the landfill cells. The
Quality of Materials Reports are provided in appendix 1b. These reports indicate
that the material found between 8 and 16 metres is fine grained material with more
than 75% of materials passing through a .075mm sieve and 90% or greater for the
samples taken at lower depths from locations 2 and 3. Plasticity index results
greater than 30 are considered to be highly plastic and have a high clay content.
The materials test results therefore identify all of the core samples from Test Hole
002 as highly plastic. The linear shrinkage results from the material quality reports
also indicate that a high clay content is present with linear shrinkage values
ranging from 17 to 19.5%. The Quality of Materials Reports from core samples
taken from Test Hole 002 identify a relatively deep layer of fine grained clay
material is present below the proposed landfill cell, ranging from approximately 8m
to 17m or greater depths. These materials may not be ideal for lining materials
due to the shrink swell characteristics identified, however when occurring at
significant depths such as these, large fluctuations in moisture conditioning and
subsequent desiccation cracking is unlikely. The underlying clay strata below the
landfill cell provides a favourable medium in preference to courser permeable
material or solidified material prone to fracture.

Landfill Cell Base Sampling

Following the initial test hole studies another round of material suitability
investigations were undertaken. These samples were taken from within the
perimeter of the proposed landfill cell at depths of 0.5 and 1.5m below the
proposed landfill cell base (approximately 7.5 and 9m below ground level),
materials were tested for Atterberg Limits, Moisture Density and Permeability.

The characteristics of the insitu materials underlying the base of the cell have been
characterised as clayey sand material for all of the samples taken. The Atterberg
Limit results for these samples demonstrate slight to medium plasticity
characteristics, with plasticity index scores ranging from 7.4-21.8% and liquid
limits ranging from 20.4-27.2%. In correlation with plasticity values linear
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shrinkage values were relatively low with scores ranging from 2.4-3.8%. Relatively
low plasticity values and shrink swell characteristics for materials utilised as landfill
cell liners are favourable characteristics as materials with a low plasticity index are
less susceptible to desiccation cracking compared to clays with a high plasticity
and shrink swell characteristics.

Permeability values for the soils tested from the base of the landfill cell at depths
of 0.5 and 1.5m indicate that these materials possess low hydraulic conductivity
values with permeability values ranging from 25.25-189.5mm/yr. These results
indicate the insitu materials forming the underlying strata of the landfill cell would
have the capacity to greatly restrict the flow of leachate material from the landfill
cell avoiding the contamination of underlying groundwater systems.

6. Conclusions

Results obtained from both the initial test hole study and the soil testing from the landfill
cell location indicate that the geological strata of the site has the capacity to restrict the
leaching of potential contaminants from causing pollution to the groundwater system. This
investigation has also identified the absence of a shallow water table at this site.

The drilling of test holes at two locations with maximum drilling depths of 18 and 11m at
the Southern and Northern sites respectfully was conducted without the detection of
groundwater. Indicating a significant separation distance between the landfill cell base and
the uppermost groundwater aquifer. Inspections following the drilling of the bores has
failed to identify any water at theses depths even following substantial rainfall events.

The test hole strata descriptions identify a uniform strata formation across the site.
Materials testing from the deepest of the test holes (Test Hole 002) provides Atterberg
limits and Particle Size Distributions for core samples between the depths of 8-17m. The
materials testing values for the core samples demonstrates fine grained material is present
at these depths; plasticity and linear shrinkage values indicate a high level of plasticity
consistent with clay material. These clay materials prevailing to significant depths below
the landfill cell identify the absence of porous or fractured material.

Material testing below the landfill cell sampled at 0.5 and 1.5 depth provided values for
Atterberg Limits, Moisture Density and Permeability. This material was characterised as a
Sandy Clay. The Atterberg Limit values identify these soils to be slightly — medium plastic,
in correlation with the plasticity values linear shrinkage values were low and ranged from
2.4-3.8%. These plasticity values identify a low susceptibility to desiccation cracking, a
desirable characteristic for landfill cell base material. Permeability results indicate low
permeability values for these soils ranging from 6x10° — 8x107°, although these results
show some variation they indicate the capacity to greatly restrict the leaching of
contaminants from the landfill cell.

This investigation has identified the insitu materials at this site are conducive to the
implementation of a landfill site. It has been determined there is a significant distance of
separation between the landfill cell base and the uppermost groundwater aquifer; the
material immediately below the base of the landfill cell has low permeability and plasticity
values providing a natural leachate barrier with a low susceptibility to desiccation cracking;
and the material underlying the cell base is a fine grained clay material persisting to a
significant depth below the landfill cell.
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Appendix 1b

Test Hole Core Samples Quality of Materials
Report
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