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FOREWORD

South Australia’s unique and precious natural resources are fundamental to the economic
and social wellbeing of the State. It is critical that these resources are managed in a
sustainable manner to safeguard them both for current users and for future generations.

The Department of Water, Land and Biodiversity Conservation (DWLBC) strives to ensure
that our natural resources are managed so that they are available for all users, including the
environment.

In order for us to best manage these natural resources it is imperative that we have a sound
knowledge of their condition and how they are likely to respond to management changes.
DWLBC scientific and technical staff continues to improve this knowledge through
undertaking investigations, technical reviews and resource modelling.

Rob Freeman
CHIEF EXECUTIVE
DEPARTMENT OF WATER, LAND AND BIODIVERSITY CONSERVATION
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1. EXECUTIVE SUMMARY

The Phase |l Feasibility study has been built on initial work by the Knowledge and
Information Division (KID) to develop alternative strategies for the disposal of saline
groundwater in the Riverland. Since 2004, significant investment has been made in the
Chowilla region to investigate deep aquifer disposal. Originally, it was proposed to inject
groundwater into the Murray Group Limestone Aquifer at Gum Flat, however aquifer testing
concluded that the Aquifer was not permeable enough to receive the large quantities of
groundwater required to make a Salt Interception Scheme viable and the study was
truncated.

Follow on work from the Murray Group Limestone study involved the investigation of the
Renmark Group Aquifer as a possible alternative for deep aquifer injection. A three phased
approach was adopted to minimise cost risks of which Phase |. Desktop Study was
completed in November 2005 (Rammers et al, 2005). This study concluded that the Warina
Formation may be a suitable aquifer for deep aquifer injection, provided risks from physical,
chemical, biological and mechanical clogging; and disposal related seismic activity was low.

This study — Phase Il Feasibility — sought to answer these questions by constructing an
investigation well (WARINA 1) into the Renmark Group Aquifer and conducting flow testing,
chemistry sampling, clogging studies and seismic analysis. WARINA 1 was drilled as an
investigation well that would function as long-term monitoring well and was completed in the
Warina Sands between depths 410-440 m. The well yielded at ~8 L/s under artesian
conditions. Existing Monomon Sands wells were selected close to the investigation site,
purged and sampled for a suite of chemical parameters. These results were used for
clogging and geochemical modelling studies.

This report outlines the results and methods of the hydrogeological investigation performed
by the Department of Water, Land and Biodiversity Conservation (DWLBC) including well
construction, sample collection, lithological interpretation, geophysical logging and particle
size analysis. Appendix 10 reports on the Clogging and Geochemical Modelling studies
undertaken by the Commonwealth Scientific Industrial and Research Organisation (CSIRO)
including chemical, geochemical and mineralogical interpretation of water and well cutting
samples collected from the investigation site. Appendix 11 outlines the seismic hazards/risks
associated with deep aquifer injection from case studies abroad, and then focuses on the
known seismic activity in South Australia and the likelihood of induced seismicity at the
Chowilla site. The study was undertaken by Environmental Systems and Services.

Results from construction show that WARINA 1 penetrated 36 m of Monomon Sands, 64 m
of Lower Loxton/Bookpurnong/Winnambool clay (confining layer), 112 m of Murray Group
Limestone (MGL), and 195 m of interbedded clay and sand which belong to the Ettrick and
the Olney Formations. The basal Warina Formation comprised medium to coarse sands and
gravel and was located 407—460 m below ground level (bgl). Detailed lithologic description
for WARINA 1 is included in this report. The lithologic descriptions were based on drilling
cuttings collected every 2 m, supplemented by geophysical log data. WARINA 1 was
terminated in pre-Tertiary clays at 537 m.
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EXECUTIVE SUMMARY

Particle size analysis was undertaken on the Warina Sand samples and initial estimates
were made for hydraulic conductivity. Results show that the Warina Sand is a poorly graded
coarse sand, with an estimated hydraulic conductivity between 0.017 cm/s (15.45 m/d) to
0.56 cm/s (481.77 m/d). Estimates of hydraulic conductivity from a shut in flow test
performed on the well are 16.85 m/d (0.0185 cm/s) to 19.18 m/d (0.0222 cm/s) which is less
than the particle size analysis. The particle size analysis results were biased towards the
higher hydraulic conductivities because a considerable amount of fine sands were lost during
the sample collection process.

Clogging studies show that physical clogging from particulate matter in the source recharge
water (Monomon Sands) and precipitation of iron hydroxides are the key risks for hydraulic
efficiency during a Phase lll injection trial. These risks can be reduced to acceptable levels
by ensuring adequate settling of particulate matter prior to injection and reducing the time the
source Monomon Sands water is exposed to air. This will prevent the equilibration of gas
phases between the atmosphere and source recharge water and the oxidation of soluble
Fe* to insoluble Fe*".

If an injection well is drilled in a Phase Ill study, the construction method will play an
important role in the success of the project. Given that drilling is into an unconsolidated
formation, the rate of clogging is highly dependent on the choice of drilling technique, the
quality of the drilling, well design and completion, as well as flushing and redevelopment
methods. Consideration of drilling fluid (biodegradable mud/bentonite) screen type, and
completion technique (natural pack or gravel pack) will play an important role in determining
the efficiency of the well and the outcome of any remediation work should clogging occur.

Seismic studies by McCue (2007) show that there is a very low likelihood that deep aquifer
injection of the proposed method would have significant impact on seismic related activity.
Most induced seismic events generated by aquifer injection in case studies abroad have
been in wells deeper than 5 km and into basement rock. The shallow and porous nature of
the sediments of the Renmark Group are largely different.

Recorded seismic events at Chowilla are sparse, and the lack of seismic monitoring
equipment close to the SA/NSW/Victoria border has made it difficult to locate and record
events in the area. It is likely that earthquakes felt at Chowilla would have their source from
the lower Finders Ranges, an area some hundred kilometres from Chowilla.

As a precaution a small stand-alone network of up to six seismographs is recommended to
record baseline seismic data and for monitoring during an injection trial. An operational plan
should be adopted so that injection can be quickly stopped in the event of an earthquake.
This will require an earthquake detection and alert system with 24 hour accessibility.
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2. INTRODUCTION

The goal for constructing, sampling, chemical analysing and testing WARINA 1 was to collect
geologic, hydrologic, hydrochemical and geochemical data with which injection and clogging
assessment of the Warina Sands Aquifer could be made. It was hoped that the construction
of this well would help to determine the capability of the Warina Sands in receiving large
quantities of injected groundwater on a long term basis.

This report contains construction and scientific data gathered during drilling and from
laboratory testing, including detailed analysis and interpretation of geologic, geophysical,
hydrological and geochemical data. This report also contains information on contract and
contract management, the drilling company, site supervision, roles and responsibilities of
personnel, management of fluid used and generated during drilling, well construction,
development, aquifer testing, groundwater analytical sampling, clogging potential, and
potential for induced seismic activity.

A thorough Phase Il study is required to outline the important scientific risks associated with
deep aquifer injection. The most important outcome of Phase Il is to determine whether the
Warina Formation is capable of receiving the large volumes which would make an injection
scheme viable; and to outline the risks of deep aquifer injection from a well clogging
perspective.

It is hoped that a successful Phase Il investigation will pave the way for a Phase Il injection
trial. The injection ftrial will involve the design and implementation of a large diameter
injection well and the construction of multiple feeder production wells drilled close to the
injection site. Significant resources and infrastructure will be required in establishing the trial,
including the sourcing of power, which is currently unavailable on the Chowilla Floodplain.
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3. OBJECTIVES

The primary scientific objectives for this work, as discussed in the drilling contract, include:

o Establish the presence, depth, and thickness of the Warina Sands aquifer; including
overlying aquitards.

¢ Obtain hydrogeologic data from the Warina Sands aquifer to assess its suitability for
saline groundwater disposal.

e Obtain water quality data from the shallow unconfined aquifer (Monomon Sands) and the
targeted deep Warina Sands aquifer to assess well/aquifer clogging potential.

¢ Investigate induced seismicity risks associated with injection into the Warina Sands.
¢ Report on well construction success/failures.

o Make recommendations for a Phase Ill injection trial.

Report DWLBC 2008/2 5
Regional Disposal Strategy — Renmark Group Deep Injection: Phase |l Feasibility Study



Report DWLBC 2008/2
Regional Disposal Strategy — Renmark Group Deep Injection: Phase |l Feasibility Study



4. SITE LOCATION

4.1 SITE PHYSICAL DESCRIPTION

The Chowilla region is located ~40 km north-east of Renmark on the River Murray on the tri-
state border of South Australia, Victoria, and New South Wales. The region covers an area of
17 700 ha (177 km?) of Government owned and leasehold land (Fact Sheet 24, DWLBC). It
is a Regional Reserve of ecological and hydrogeological significance to the Murray River
which includes more than 100 km of anabranch creeks, great stands of river red gum forest,
Mallee eucalypts, black box woodland and bluebush shrubland.

The area is relatively flat, typically rising from 15-25 m AHD. The Chowilla Region is located
in a semi-arid environment with a mean annual rainfall of ~260 mm and average evaporation
of 1960 mm/y. Most of the rain falls during the months of April to August. The mean daily
maximum and minimum temperature for summer is ~32 °C and 15 °C respectively while the
mean daily maximum and minimum temperature for winter is ~16—17 °C and 6 °C (Walker et
al, 1996).

4.1.1 LOCATION OF INVESTIGATION WELL

The drillsite is located on the western side of the Chowilla Floodplain between Werta Wert
Wetland and Monomon Creek (Fig. 1). The coordinates of the drillsite are E 488369 and
N 4243449,

The Werta Wert site was selected after reviewing planned activities on the Chowilla
Floodplain including a salt interception scheme and Chowilla Creek Regulator. In selecting
the location, consideration was given to site access, elevation (m AHD), existing shallow
observation wells (for groundwater sampling) and infrastructure (nearest power source').

4.2 SITE HYDROGEOLOGIC CONDITIONS

The Warina Sands forms the basal and deepest section of the Renmark Group Aquifer and is
the target aquifer for deep aquifer disposal. The Renmark Group aquifer is confined and is
regionally extensive throughout the Murray Basin.

The principal water-bearing units of the Murray Basin in South Australia are the Loxton and
Monomon Sands, MGL, and the Renmark Group. The non-water bearing Bookpurnong
Formation separates the MGL formation from the Loxton and Monomon Sands, and the
Ettrick Formation separates the MGL formation from the Renmark Group Aquifer. A summary
of the Tertiary stratigraphy at the study site (Chowilla Floodplain) can be seen in Table 1.
Figure 2 shows the Tertiary stratigraphy in the South Australian part of the Murray Basin.

A detailed geological and hydrogeological summary of the Warina Sands and other important
hydrogeological units at the study site can be seen in the Regional Disposal Strategy —
Renmark Group Deep Injection: Phase 1: Desktop Study (Rammers et al, 2005).

' *There is no connection to the main electricity grid anywhere on the Chowilla Floodplain. The nearest
source is at Lock 6, ~5 km to the south-south-east.
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SITE LOCATION
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Figure 2.  Tertiary stratigraphy of the Murray Basin (Drexel & Priess, 1995)
Table 1. Tertiary Murray Basin sediments at Chowilla
Expected .
Regional
Age Name depth ng_ (m) Comment water level
at Chowilla
) (m AHD)
Floodplain
Late Pleistocene to Coonambidgal 04 Sandy clayey topsoil.
Holocene Formation
Late Pleistocene to Monomon Sands 4-40 Medium to coarse sands and gravel. 16.5
Early Holocene
Pliocene Loxton Sands Fine to coarse sands.
Pliocene Lower Loxton Clay 40-65 Silty clay.
Late Miocene to Early Bookpurnong 65-85 Grey green fossiliferous silts and
Pliocene Formation clay.
Late Oligocene to Winnambool 85-100 Clayey Marl.
Middle Miocene Formation
Late Oligocene to Murray Group 100-200 Consolidated with hard bands. 27
Middle Miocene Limestone
Oligocene to Early Ettrick Formation 200-250 Grey green glauconitic Marl.
Miocene Grey fossiliferous fine-medium sand.
Eocene to Middle Olney Formation 250-400 Interbedded carbonaceous clays and
Miocene sands.
Eocene Warina Sands 400-550 Medium to coarse sand and gravel. 32
Early Cretaceous Coombool Member >500
Report DWLBC 2008/2 9

Regional Disposal Strategy — Renmark Group Deep Injection: Phase |l Feasibility Study



Report DWLBC 2008/2
Regional Disposal Strategy — Renmark Group Deep Injection: Phase |l Feasibility Study

10



5. WELL DESIGN AND CONSTRUCTION

5.1 REGIONAL WELLS AND PROPOSED WELL DESIGN

Stratigraphic information and structure contours generated during the Phase 1 Desktop
Study (Rammers et al, 2005), regional well information, and hydrogeological literature were
used to determine the target depth and well design for WARINA 1. Table 2 lists the regional
Renmark Group Aquifer observation wells close to the Chowilla Site.

Table 2. Nearest regional Renmark Group observation wells.
Name nuUnrw]Lter Easting Northing dirzgst?gch%m I?I";;F;)”jl'rt’? I?B's‘opitttclra0 Th_:_Crk(l'r]ne)SS
WARINA 1 (m) Tr (m)

Cooltong 1 702900985 466804 6225568 28 km SW 236 557 321
North Renmark 1 702900004 470918 6225027 25 km SW 215 548 333
36782-4 (NSW) 713000009 512256 6241642 24 kmE 258 488 230
Olney 1 702900002 498589 6228723 18 km SE 278 600 322
M155 703000002 459558 6275618 43 km NW 194 340 146
Loxton 2 702800002 462885 6177379 70 km WSW 204 412 408

* Tr denotes Tertiary Renmark Group (Drexel and Preiss, 1995)

Table 2 shows that the closest Renmark Group Observation well is ~20 km to the south-east
(Olney 1), while the second is the 24 km to the east (NSW well 36782-4). The depth to the
bottom of the Warina Formation for these wells is 600 m and 488 m respectively, while the
aquifer thickness of the Renmark Group for these wells is 322 and 230 m.

5.1.1 WELL DESIGN

A conservative approach was taken in estimating the target depth of WARINA 1. The design
was based on three stages, assuming that the maximum depth to the bottom of the Warina
Formation would be 600 m.

Stage 1 would involve the drilling of a pilot hole to the top of the MGL, and installing surface
control casing to isolate the shallow aquifers (Monomon Sands and Bookpurnong Formation)
from the underlying MGL, Ettrick Formation, Olney Formation and Warina Sands. Drilling of a
311 mm hole to ~100 m, installing 203 mm PVC casing from 0-100 m, and then grouting,
would ensure that the surficial aquifers (Monomon Sand) would be isolated from the
underlying MGL and Renmark Group aquifers.

Stage 2 would involve drilling to the bottom of the Warina Sands with a 200 mm drill bit and
geophysically logging the hole to refine the stratigraphy and aid in lithological interpretation.
100 mm Fibre-glass Reinforced Plastic casing (FRP) would then run to ~30 m above the well
completion zone, and would ensure adequate isolation of the MGL, Ettrick and Olney
Formation Aquifers from the Warina Sand.
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WELL DESIGN AND CONSTRUCTION

Completion of the hole (Stage 3) with a 30 m, 75 mm wirewound stainless steel screen
(Grade 316 stainless steel) would then take place by lowering the screen into the FRP casing
to selected screen interval.

The construction design can be seen in Figure 3.

5.2 TENDERING

An Australian wide call was made for submission to tender for the construction of the Warina
Sands investigation/observation well. Three drilling contractors responded to the tender to
drill an investigation well, construct an observation well and provide a quote for an injection
well.

Of the three that responded, only one was found suitable in meeting the tendering criteria
(Sides Drilling Contractors Pty Ltd). Sides Drilling provided a thorough, well-considered
tender bid, and although they had some non-conforming issues, these were considered
minor and were appropriately negotiated prior to the awarding of contract. The other two
tender bids (Drilltec Pty Ltd, K H Adams & Sons Pty Ltd) were considered to be non-
conforming.

The tendering recommendation letter can be seen in Appendix 1.

5.3 CLEARANCES AND SITE ESTABLISHMENT

5.3.1 SITE CLEARANCES TO DRILL

Site clearances and permits to drill on the Chowilla Floodplain were obtained from various
South Australian Departmental Agencies which included:
e Cultural Heritage/Native Title (Attorney Generals Department).

e Native Vegetation (DEH).

¢ Dam and mud pit excavation (DEH).

e Well Construction Permit (DWLBC).

Site clearances for underground cables/facilities including telecommunications, electricity

and water supply were obtained through the dial before you dig website. Given the
remoteness of Chowilla, there were no underground facilities at the site.
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WELL DESIGN AND CONSTRUCTION

D D 100 mm ID 316 stainless steel master control valve
g 100 mm ID Carbon fibre nitrile bound gasket
100 mm ID FRP externally fitting Table 'E' flange

Surface control casing:

Drillhole diameter 311 mm

203 mm ID Class 12 PVC (OD at bells 240 mm)
\ displacement pressure grouted

Casing stick-up 0.3 m
Ground surface 0 m

SOOI

Not to scale
Surface control casing

depth 100 m % §

Well casing:

\| Drillhole diameter 200 mm

100 mm ID FRP 8 mm wall
centralisers every third joint
displacement pressure grouted

K-packer
FRP well casing depth 570 m \ Riser pipe 2 m length, 75 mm ID 316 stainless steel
Screens:
Production zone 30 m 75 mm ID 316 S-Steel wirewound screen (0.5 mm aperture)

Telescopic screen with natural pack

Screen Depth 600 m Sump: Zero wound screen, sealed end
Sump depth 602 m
Total depth 602 m

Figure 3. Proposed Warina Sands observation well
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WELL DESIGN AND CONSTRUCTION

5.3.2 DRILL PAD AND SUMP CONSTRUCTION

A drill pad, an unlined holding dam and 3 unlined sumps (mud pits) were constructed on 8"
of January 2007 for the drilling and construction of the well WARINA 1. The pad was situated
on flat terrain composed of alluvial clay and sand, surrounded by native vegetation in fair to
good condition. The pad was constructed to accommodate all of the expected equipment and
materials.

The drilling pad had dimensions of 8 x 38 m. The holding dam had dimensions of 21 x 21 x
1.5 m, and was used to store water for mixing of the drilling fluid, and to accommodate water
produced during well development. Two of the sumps had dimensions of 3 x 2.5 x 2 m and
were used to store, condition and circulate the drilling mud. The third sump had dimensions
of 3 x 2 x 2.5 m and was used to collect and dispose of the cuttings as they arrived at the
surface and pass through the shale shaker. Soils of the holding dam and the sumps consist
of a layer of alluvial grey clay (Coonambidgal Clay).

Figures 4, 5 and 6 show the site layout including construction site, holding dam and mud pit.

5.3.3 DRILLING FLUID MANAGEMENT

The unlined holding dam storage sumps were used to manage all fluids used and generated
during drilling, well construction, development and testing. The holding dam and sumps had
a combined holding capacity >720 000 L. Source of water for drilling came from Monomon
Creek, sourced from Campsite 15 ~2 km north of the site. The unlined holding dam was used
to store water for drilling.

The dimensions of the dam were based on a 10-hour development period assuming that the
well would yield at 10 L/s. The volume was then multiplied by two, giving a total dam capacity
of 720 000 L.

5.3.4 SITE HEALTH AND SAFETY

Onsite health and safety was managed by Site Supervisor Peter Freeman of Sides Drilling.
Onsite visitors were managed by Wellsite Hydrogeologists (Paul Magarey, Adrian Costar)
who supplied hard hats and OHS information to visitors from the Adelaide and Berri Field
Office (DWLBC).

A National Parks representative from DEH visited early in the mobilisation process to mark
appropriate areas for vehicle access. This was to ensure that remnant stands of native
vegetation were kept in tact and not affected by uncontrolled vehicle access from trucks,
tractors and utility vehicles.

5.3.5 WASTE MANAGEMENT

All on-site waste was managed by Sides Drilling. Hard rubbish was removed throughout the
drilling phase and disposed in a portable “mini skip” bin. Drill cuttings were disposed into a
holding sump and buried at the completion of drilling.
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Figure 4. Drilling Rig and Construction Site near Werta Wert Wetland (photo courtesy Tony
Herbert)

N 3

%H .;..‘:'“'.

Figures 5,6. Unlined holding dam and disposal sump (mud pit). The holding dam was used
to store water during the mixing of drilling fluid; and to store water that was
produced during development. The disposal sump collected unused sample
cuttings as they passed over the shale shaker. The de-sander in the (top/middle)

was used to separate the very fine material suspended in the drilling fluid that
passed through the screen of the shale shaker (Photos courtesy Tony Herbert).
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WELL DESIGN AND CONSTRUCTION

5.3.6 SITE RESTORATION

Upon completion of WARINA 1 Sides Drilling cleared all construction debris including
accumulated rubbish. Gary Greeves of Stoney Pinch quarry backfilled and levelled out the
construction pad, dam and mud pits to the satisfaction of the DEH.

5.4 DRILLING AND WELL CONSTRUCTION

The earthworks, mobilisation, drilling, casing, screening and development of WARINA 1 took
~3 weeks to complete. Appendix 2 shows a timeline of the events that took place throughout
the drilling and construction phase; including setting of surface control casing, geophysical
logging, setting of FRP casing, installation of well screen and development of the hole. Sides
Construction/Drilling Report can be seen in Appendix 3. The Sides Drilling report includes
information on drillhole diameter, penetration rates, mud viscosity, estimated lag time,
materials used and drillers log.

Preparation of the drilling pad including construction of mud sumps and holding dam took
place from Monday 8" of January 2007 to Wednesday 10" of January 2007. The Sides
drilling team arrived on the 10™ of January 2007 with the transportation of heavy machinery
including mud pumps, drilling rods and tools. The 33 m Gardner Denver 2500 (GD 2500) drill
rig arrived shortly after, and mobilisation of the drill rig and drilling platform commenced

(Fig. 7).

5.4.1 DRILLING

A surface conductor hole was drilled by dry auguring a 375 mm hole on 13 January 2007 to a
depth of 3 m below ground surface. 350 mm surface control PVC casing was then setto 3 m
and centrally located in the hole. The bottom of the casing was cemented in place with
cement grout which was placed into the annulus between the surface control casing and the
drill hole. The surface control casing extended 300 mm above ground surface.

Drilling commenced on Sunday 14™ January 2007 into the unconfined Monomon Sands and
continued on a 24 hour basis until Saturday 27" January 2007. The hole was advanced
using direct mud rotary drilling in which the uncased wall of the borehole was held in place at
all times with the circulating f