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Regional Investigations & Data
Collection

« Collect hydrogeological data in early stages
— Groundwater data
— Geotechnical information
— Relevant Base Environmental Data
« Early indication of engineering design, environmental
compliance and ease of development
* Incremental cost to exploration program BUT

— Significantly reduces future environmental and feasibility study

Investigations
« Early identification of issues

* Reduces time related to project approval
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Data Collection Planning/Efficiency
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Use of Geophysics in Groundwa
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Applications

* Mapping geologic landforms

* Determining regional geologic structures

* Mapping unconsolidated rocks and solls

* Mapping and classifying certain rock types
* Investigating depth to groundwater

* Mapping groundwater contamination and
qguality
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Why Use Technology

» Cost effective compared to traditional SI methods. Costs vary
depending on survey type and design

 Airborne Surveys $500/km $0.5/m Least Costly
« Ground Surveys $5,000/km $5/m
« Seismic $15,000/km $15/m
« Dirilling $250,000/km  $250/m Most Costly

These costs are based on experience in Australia and do not include mobilisation
costs and are very dependent upon depth of investigation and survey parameters

« Rapid and total coverage of large areas

» Satellite and airborne systems allow large
areas to be quickly surveyed and imaged

« Can identify regional geological features
that are critical in groundwater systems

« If rely on boreholes only may not fully
understand geologic setting and therefore
miss the aquifers
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Why Use Technology

* Overcomes Iinterpolation errors

« Compliments traditional site investigation methods

« Overcome many site access issues (e.g. jungle, rivers,
lakes)

* Low environmental impact — generally non-invasive and
non-destructive

— Interpretation of geophysics best done in conjunction with
other geological and hydrogeological data

Inferred bedrock profile
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Regional Groundwater Investigations

Airborne —Electromagnetics

 Most widely used

« Effective for mapping and identifying
 Different geological units
» Faults and fracture zones
« Water quality and contamination

* Measures conductivity of the Ground.

« Airborne provides rapid site coverage
and least cost/km
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Local Groundwater Investigations

L andbased - Electrical resistivity

— Widely used for groundwater investigation.
— Provides high resolution images of the subsurface that can be used to
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Groundwater Imaging
— 3D Soil Moisture and Groundwater Mapping
— Visualization of variation in subsurface geology and hydrogeology.

. BT g e —_




GROUNDWATER MODELLING
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Groundwater Modelling Methods Summary

Grid Type

Analytic
element

Finite

difference

Finite
element

Finite
volume

Grid-
independent

Structured,
rectangular
grid

Unstructured,
triangular
grid

Unstructured
grid (any
geometry)

Advantages

Simple and
easy to use;
minimal
computational
cost

Relatively
simple
mathematics;
structured,
user-friendly
input/output

Can represent
complex
geometry;
efficient
refinement
(e.g., around
wells)

Allows
discontinuous
layers; efficient
refinement

Disadvantages

Limited complexity

Difficulties representing
complex system
geometry, inefficient
grid refinement (must
extend to model domain
boundaries), requires
continuous model layers

Still requires continuous
model layers; mass
conservation not
guaranteed

Less commonly used at
present: potential
learning curve and
compatibility issues

Common
Applications

Quick analyses,
screening models,
regional 2-D steady-
state modelling

Widely considered
current industry
standard
(MODFLOW) for
regional groundwater
flow modelling

Highly complex
transient, variable-
density groundwater
flow and solute
transport modelling

Few at present:
potential to replace
finite-difference as
standard if widely
adopted by modelling
community

Key Available
Codes

GFLOW

MODFLOW;
MIKE-SHE;
MODHMS;
HYDRUS-1D

FEFLOW

e

MODFLOW-USG;
HydroGeoSphere




Geological Conceptualisation

GEOLOGY ENVIRONMENTAL SETTINGS LEGEND
I Colluvium Channel [  Watermark Formation == Surface Water Features ~ =====~ Base of Weathering 3 Evaporation/Evapotranspiration ’
I Narrabri Formation [] Porcupine Formation <l Elevated Ridges === Proposed Mine Pit </ Rainfall Runoff/interflow/Infiltration
I Gunnedah Formation Il Maules Creek Formation s Alluvial Plains ?  Inferred Geological Contact < Inferred Groundwater Flow Direction
I Glenrowan Intrusives I Basement (Werrie Basalt) [l Break of Slope SE l Rainfall Recharge/Infiltration
[ Black Jack Group RAINFALL
[ Hoskissons Coal Quirindi
I Melvilles Coal
BREEZA® — LIVERPOOL PLAINS 2
NE .-iBrom ountai
]

“— Extent/occurrence of Gunnedah Formation
is based on NoW drilling reports (now available)
and as per criteria defined by Pratt (1998) to distinguish
between Quarternary Alluvials

Extent of Data

NW Vertical Exaggeration 1 to 5



Conceptualisation
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Flow Zones (> 1 ML/d)

LEGEND

-= == Surface lineament

m Fracture zone

m— High transmissivity zone

Streams

----- Inferred lithological contact

Conceptual Geology

___ Medium Flow Zones (0.5 -1 ML/d)

I Iron-rich zone, possibly lateritic
Weathered zone

Phyllite/Carbonaceous Schist

- Quartz mica schist



Computing Capability

Computer processors:

e« >10,000 times faster in 2015
compared with 1975

e« >1,000 times cheaper in 2012
compared with 1992
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The Cloud

ground

water

Rapid Communication/

Using a Cloud to Replenish Parched Groundwater
Modeling Efforts

by Randall J. Hunt', Joseph Luchette?, Willem A. Schreuder®, James 0. Rumbaugh®, John Doherty®®,
Matthew J. Tonkin, and Douglas B. Rumbaugh*

Abstract

Groundwater models can be improved by introduction of additional parameter flexibility and simultancous
use of soft-knowledge. However, these sophisticated approaches have high computational requirements. Cloud
computing provides unprecedented access to computing power via the Internet to facilitate the use of these
techniques. A modeler can create, launch, and terminate “virtual™ computers as needed, paying by the hour, and
save machine images for future use. Such cost-effective and flexible computing power empowers groundwater
modelers to routinely perform model calibration and uncertainty analysis in ways not previously possible.
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Uncertainty

Model-Independent Parameter Estimation & Uncertainty Analysis

“Everything should be made as simple
as possible, but not simpler”

- Albert Einstein
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Sonic | Calole tool )

Drilling Practices

e Sonic
« S Wireline

S Wireline i | g""
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Sonic Drilling

« Soll penetration technique

* Quality continuous Soil Sampling

Applications

« Environmental / hydrogeological

» Geotechnical/Geo -construction

« Embankment Drilling

« Tunnel Projects

« Earth Retention/Anchor Installation

* Mini/Micro pile Installation

* Pier Installation/Foundation
exploration

« Grouting

Antinode Location
Point of Maximum Strain
(Compression or Expansion)

Superimposed

Induced Pressure Wave

and Reflected Pressure Wave
?jﬂ-ff Expanded and Compressing Pipe

Steel Drill Pipe

Node Location
Point of Minimum Strain
In Molecular Structure




Advantages

« Continuous core samples
* No refusal.

« Speed and Efficiency.

B



Sonic Drilling
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Sonic vs RC Composite Assays

RC Sonic
Zone EHM (%) EHM (%)
Free-Digging 2.42 2.77

Hard 2.87 3.12

Medium-Grade 6.94 71.73

High-Grade 11.54 17.53

Barren Footwall 5.43 1.77

O Sonic grades 9-14% higher in the upper, aeolian units
O Sonic grades 52% higher in high-grade basal unit

O Note the misleading RC grade of the footwall mudstones
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“S”-Wireline

* Improved core recovery drilling method.

* Flexible core barrel system
— Hole Size 146 mm

— Core Size 102 mm (4)

Triple tube core barrel

Alternative to 4C coring

Alternative to Sonic
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When should you utilise.....

« For undisturbed core sampling in shallow
depth from 0-350m
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« Core sampling in difficult formation 5 /’r- | ]

+ Bulk sampling (100mm) -
« Site Investigations for infrastructure works

« Mining and Tunneling T

« Grouting projects |

* Environmental and Geotechnical
Investigations
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GROUNDWATER PUMPING
SYSTEMS
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umping systems — Airwell Pumps
Air Displacement Method

OPEN BALL VALVE ALLOWS

(a) FILL CYCLE
5 (b) DISPLACEMENT CYCLE LIQUID TO FLOW THROUGH
h .. TO THE STORAGE VESSEL
COMPRESSED AIR,
OR ALTERNATIVE . COMPRESSED AIR,
OR ALTERNATIVE

oas | |1 r Or

WHEN SIGNAL IS RECEIVED, ‘
THE CONTROLLER INITIATES ) COMPRESSED AIR, OR
THE DISPLACEMENT CYCLE ALTERNATIVE GAS,

IS DELIVERED TO

THE CONTROLLER

SOLAR, ORTWIN [ S q
= =\ \C
SOLENOID TYPE, \ STORAGE VESSEL SOLAR, OR TWIN e
CONTROLLER SOLENOID TYPE, STORAGE VESSEL
r CONTROLLER
@ WHEN PROBE SENSES a
MAXIMUM LIQUID LEVEL,
4 IT SIGNALS THE CONTROLLER
USED AIR IS
VENTED TO THE LIQUID DISPLACES
ATMOSPHERE GAS GAS DISPLACES
LiQuip
WHEN LIQUID LEVEL
FALLS BELOW BOTTOM

PROBE, SIGNAL TO CONTROLLER
IS NO LONGER RECEIVED.
FILL CYCLE IS THEN RE-INITIATED

BALL VALVE IS IN THE OPEN

POSITION, ALLOWING LIQUID

TOELOW THROUGH BALL VALVE IS IN THE CLOSED
POSITION, FORCING THE
DISPLACED LIQUID TO RISE
THROUGH THE PICK-UP TUBE

LIQUID RISES THROUGH
THE INLET SCREEN; WHICH
FILTERS OUT LARGE DEBRIS



Applications

* Salinity Management/Interception
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Water Resource Management
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MAR

Managed Aquifer Recharge

» Purposeful recharge of an aquifer to store water for later abstraction
— Stormwater (excess or redirected),

— Treated wastewater
— Co-produced (associated water) from mining or petroleum activities
« Water can be added to the aquifer by various methods e.g.

— Infiltration (via structures such as ponds, basins, galleries and
trenches)

— Injection and recovery via purposely constructed wells (ASR)

o A & 4
Vv

Collectively the various methods of enhanced aquifer recharge are referred to as Managed Aquifer Recharge
(MAR).



Applications
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MAR for Conventional Underground
Zinc Mine

Mine inflows were higher than expected (16 L/s)

Requirement to manage excess water via Managed Aquifer
Recharge

Fractured rock aquifer of limited beneficial use (highly
saline)

Injection borefield developed @ 4L/s/bore

"~ MINE WORKINGS

INJECTION WELLS




MAR/ASR in Golf course (2 Case study)

Glenelg Golf Course - Water Harvesting
« 300 ML/yr of stormwater
« Stored in aquifer during winter
* Recovered in summer for course watering

Grange Golf Course —-GW Replishment
« 250 ML/yr of groundwater from the Tertiary limestone
aquifer for irrigation of the golf course.
» Declining groundwater levels and increasing salinity
 Harvests and stores low salinity wetland treated
stormwater
* Injection into the aquifer for subsequent reuse
 Recovery of groundwater levels
. Improvement in Water quality
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Where ¢

INDONESIA

PAPUA NEW GUINEA

——— e e ————

- PORT MORESBY

 DARWIN
-
Soil Aquifer Treatment
| -
4 l|
Marandoo 1
Mine Area C | NORTHE infiltration
| TERRITO

Pilbara management of i
excess mine water '
Fortescue

80 GL/yr

QUEENSLAND

Surat & Bowen

{
T o] CSG Trials
'= SOUTH ! - BRISBANE
| AUSTRALIA e —— e e, e
| |
! 0 NEW
! SOUTH
PERTH 2 o | WALES Botany Bay
Beenyup GW P | “1\9 SYDNEY
replenishment trial | N Sy ™ CANBERRA
Treated Wastewater IVICTORIAY

Potable

~2.5 GL/yr

Stormwater 20 GL/yr ~ "_. o N East Gippsland Water
Treated Wastewater MELBOU Stormwater 500 ML/yr
Class B, Aldinga

City West Water

TASMANIA

) _HOBART Werribee WW & Stormwater
A Potable treated wastewater O Infiltration basins % ~ 300-600 ML/yr
Victoria Racing Club
. Desalinated GW
@ stormwater () CSG/mine water ESAEe

Stormwater 100 ML

O SAT Treated wastewater




Thank you for your
attention

Australian Groundwater Technologies “making water work”



