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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.

Scott Ashby
CHIEF EXECUTIVE
DEPARTMENT OF WATER, LAND AND BIODIVERSITY CONSERVATION
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EXECUTIVE SUMMARY

The potential for the disposal of saline groundwater pumped from a shallow water table
aquifer (Monoman Formation) into a deep regionally confined aquifer (Renmark Group) has
been investigated over the past 3 years in the Chowilla region, South Australia. Phase |
included a desktop study to identify a target aquifer (the Warina Sands) while Phase I
involved the construction of a 450 m deep investigation well which was completed as an
observation well. Due to the small diameter of this well, traditional pumping tests could not be
conducted to determine well hydraulic behaviour and estimate aquifer transmissivity. Phase
IIb was commissioned in an attempt to obtain this information.

Phase lIb pumping and injection trials involved airlift pump testing and preliminary injection
testing. Transmissivity was estimated at ~70 m?day using Logan’s approximation, which
utilises corrected drawdown data. The testing procedure recognised the limitation of the
results due to the 100 mm diameter well in which considerable friction losses occurred. Minor
anomalies in the airlifting and injection data were also encountered due to temperature
changes in the water column in the well brought about by the airlifting of warm (35°C) native
Warina Sands groundwater and injection of relatively cooler (21°C) Monoman Formation
groundwater.

Groundwater sampling of a nearby Monoman Formation production well and sampling of
Warina Sands observation well 7030-809 was undertaken to gain further understanding of
the physiochemical attributes of the injectant and of the native groundwater. The results
indicate that the injectant requires filtration with an appropriately sized filter prior to injection.

The results of the Phase llb trial indicate that deep aquifer disposal of saline groundwater in
the Chowilla region is technically feasible. Given the limitations resulting from the casing
diameter of the existing well, it is recommended that a Phase Il injection trial utilising a large
diameter injection well be undertaken.

For a Phase lll injection trial to proceed, due consideration must be given to the design of the
injection well, location of Monoman Formation production wells, and disposal of groundwater
produced during development and pumping tests. Filtration and backflushing capabilities
must be incorporated into the design to allow for routine backflushing of the injection well.

Report DWLBC 2009/01 1
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1. INTRODUCTION

The Science, Monitoring and Information Division has undertaken work on the Chowilla
Floodplain in relation to the potential for deep aquifer disposal of saline groundwater pumped
from water table aquifers (Monomon Formation) since 2005. Work to date has included a
Desktop Study (Phase 1) which was completed in November 2005 (Rammers et al, 2005),
and a Feasibility Study (Phase IlI) which was completed in December 2007 (Magarey and
Osei-Bonsu, 2008). Work has focussed on the deep confined Warina Sands at the base of
the Renmark Group.

The Phase |l Feasibility Study involved the construction of a 450 m deep artesian
observation well (Unit Number 7030-809) completed in the Warina Sands, a geochemical
modelling/clogging study, and a seismic hazard risk assessment. Results from Phase Il
indicate the Warina Sands was of sufficient thickness and permeability to receive saline
groundwater (injectant), however this was not quantified to the level of detail required to
commit to the proposed Phase Il injection trial.

The current phase of work was implemented in order to obtain preliminary information on
well hydraulic behaviour and aquifer transmissivity using an approach not considered during
Phase Il. This approach was required due to the limitations imposed by the original decision
to complete well 7030-809 with 100 mm ID casing (note that during the planning of this well
no testing had been considered). The investigation involved conducting airlift-recovery tests
and injection tests. The airlift—recovery testing used a methodology similar to that outlined by
Smith (1982). This method, which was used successfully for water supply investigations in
the southeast of South Australia, involves airlift pumping of relatively small diameter wells
and analysing the recovery curve. This method was applied to well 7030-809 located near
Werta Wert wetland on the Chowilla Floodplain.

In total, three airlift—recovery tests, four short—term injection tests (up to eight hours), and
one longer—term injection test (ten days) were conducted between March and June 2008.
The initial short—term injection tests were conducted using groundwater collected and stored
from the Warina Sands, and the longer—term test was conducted using groundwater pumped
from Monoman Formation production well 7030-710 located 1.5 km to the south.
Groundwater sampling was also undertaken on Warina Sands observation well 7030-809
and Monoman Formation production well 7030-710. The location of the investigation site is
given in Figure 1.

The key objectives of this investigation, as outlined in the Project Brief, were to:

1. Characterise the hydraulics of observation well 7030-809 and the Warina Sands at the
investigation site.

2. Characterise the clogging potential of the Monoman Formation groundwater.

3. Gain a preliminary understanding of hydraulic behaviour of well 7030-809 under injection
using Warina Sands groundwater and Monoman Formation groundwater.

Report DWLBC 2009/01 3
Phase IIb Preliminary Pumping and Injection Trials



Gum Flat

&
£
H
3
=
&
ReJ Wert
S s )
S B Coombool (Outstation)
G
s
s
© 703000809 ]
S ] Stanley Island
© Boat Creek Island
(@]
703000710

H Isle of Man

(]
Monoman Island £
Oc/ré‘
050,

B Nelwood

---VTC------_-

B Punkah Island

B Wilperna Island

NSW

Tareena
[ ]

B Locality

B Lock

703000809  Unit No.

Renmark Group Observation Well

703000710  Unit No.

O  Sampled Well, Monomon Formation
Road

Wetland

- River Murray

1956 Flood level

Irrigated area 2001

T
1
1
=
12
m Burra 1
Study area y
Morgan YH‘
i Berrif !
Port Wakefield ; Wai,.kerie "K‘:-l i
1
Loxton 1
1 o
1>
1
Tailem Bend 1
1
1
1
1
1

I ] km

Map Production: DWLBC Science, Monitoring and Information
Department of Water, Land and Biodiversity Conservation

Map Projection: MGA Zone 54.
Map Datum: GDA94.

DISCLAIMER:

The Department of Water, Land and Biodiversity Conservation,

its employees and servants do not warrant or make any representation
regarding the use, or results of use of the information contained herein
as to its correctness, accuracy, currency or otherwise

The Department of Water, Land and Biodiversity Conservation, its
employees and servants expressly disclaim all liability or responsibility
to any person using the information or advice contained herein.

© Government of South Australia, through the

Department of Water, Land and Biodiversity Conservation 2009

This work is Copyright. Apart from any use permitted under the

Copyright Act 1968 (Cwith), no part may be reproduced by any process
without prior written permission obtained from the Department of

Water, Land and Biodiversity Conservation. Requests and enquiries
concerning reproduction and rights should be directed to the

Chief Executive, Department of Water, Land and Biodiversity Conservation,
GPO Box 2834, Adelaide SA 5001.

v aned
i)

16 June 2009

TanJo1

M:\Projects_GW\Murray_Basin\Renmark Group Injection Trial\Phasell\Report Figures\Figure01_160609.mxd



2. AIRLIFT-RECOVERY TESTING

The following sections outline the objectives, methodology and results of the airlift-recovery
testing conducted on observation well 7030-809. DWLBC Groundwater Technical Services
conducted all on site works.

Three separate constant rate airlift—-recovery tests (summarised in Table 1) were conducted
on observation well 7030-809 at pumping rates of 9.5, 11.8 and 13.0 L/s. Testing
commenced on 27 March 2008. Results from the airlift-recovery tests are plotted as residual
drawdown in metres vs. time in seconds. Two graphs are presented for each of the tests,
with the latter showing potentiometric head in the well during the initial minutes of recovery.
Data for the recovery testing is provided in Appendix 1. Residual drawdown is signed
positive, and therefore a head developing above the initial potentiometric head in the well
must be signed negative (as is injection head which develops during injection testing).

In pumping and injecting into the Warina Sands, considerable pipe friction losses occur due
to the great length of small diameter casing (398 m of 100 mm ID fibreglass reinforced plastic
(FRP)). At a pumping rate of 12 L/s these pipe friction losses are ~1.96 m per 100 m of
casing. This effect results in water levels observed at the surface (under pumping conditions)
being less than the potentiometric pressures, which would be observed at the well/aquifer
interface (under injecting conditions the reverse applies). In this report the uncorrected data
has been reported and graphed. However, when data has been used for calculating aquifer
transmissivity it is important to apply the correction, and this has been done where relevant.
Temperature and density also affects the observed water levels, but to a lesser degree.

Table 1: Airlift-recovery test details

Test Date Depth of air Airlift Pumping Test Maximum Time until
injection line pressure rate (L/s) duration drawdown recovery
below TOC (kPa) (mins) (m) following

(m) cessation of

airlifting (s)
1 27/3/2008 21 ~689 9.5 240 13.0 ~90
2 28/3/2008 51 ~689 11.8 240 24.3 120
3 29/3/2008 81 ~689 13.0 480 27.7 240

2.1 OBJECTIVES

The objectives of the airlift-recovery testing were to:

1. Gain a preliminary understanding of well hydraulic behaviour of observation well 7030-
809 under pumping (including well loss and aquifer loss).

2. Characterise the Warina Sands by quantifying (as far as practical) the transmissivity.

Report DWLBC 2009/01 5
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2.2 PREPARATION FOR AIRLIFT-RECOVERY TESTING

2.2.1 CONSTRUCTION OF HOLDING DAMS

Two new dams were constructed to accommodate groundwater produced during airlifting.
The smaller dam had dimensions 7 x 7 x 1.5 m while the larger dam had dimensions 35 x 35
x 2 m. The capacity of the large dam was based on the expected volume of water produced
during airlifting, which was estimated at ~2.5 ML if airlift-recovery pumping rates of 10, 15
and 20 L/s were obtained for a duration of eight hours each. The smaller dam was lined with
plastic to prevent seepage, and discharge occurred initially to this dam with subsequent
storage of the groundwater in the larger dam.

The two dams were connected by a 150 mm ID PVC pipe fitted with a flow meter to record
the pumping rates. This method was adopted due to the pulsating nature of the airlift driven
pumping which did not lend itself well to the traditional method of measuring flow rate directly
from the well.

The holding dams are shown in Figures 2 through 4.

Figure 2. Small dam
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Figure 3. Large dam

Figure 4. 150 mm PVC pipe connecting the dams with attached flow meter
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2.2.2 WELL HEADWORKS - INJECTION PIPEWORK

The artesian well headworks were modified to include a T-piece, a 50 mm steel air injection
line connected to an air compressor, and an outlet pipe diverting water into the small dam.
The depth of the air injection line was increased for each of the three stages, which allowed
the increased pumping rates.

2.2.3 DATA RECORDING

Potentiometric pressure in the observation well was recorded using an automated downhole
logging device attached ~1.5 m below the bottom of the air injection line (Figure 5). The
logger recorded baseline potentiometric pressure prior to airlifting and during recovery
following the cessation of airlifting. Due to the turbulence that occurred during airlifting, the
logger was only turned on several minutes before cessation of airlifting. The downhole logger
recorded pressure in the well at intervals of ten seconds. Figure 6 is a photo taken during
airlifting.

Figure 5. Downhole logger attached to the air-exit pipe
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Figure 6. Airlifting looking east
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2.

3 AIRLIFT-RECOVERY TEST 1

Airlift-recovery Test 1 residual drawdown data following the cessation of airlifting is plotted in
Figures 7 and 8. The following general comments can be made:

1.
2.
3.

Residual Drawdown (m)

During the airlifting an average pumping rate of 9.5 L/s was achieved.
Prior to turning off the air compressor a drawdown of ~13.0 m developed.

Once the compressor was switched off, recovery occurred within ~30 seconds, the head
rebounded above the initial potentiometric head. This effect may be the result of a
column of air being trapped in the well on shutting of the air injection line and discharge
line simultaneously.

The head stabilised in 90 seconds.

During the 60 minutes of recovery observation, the head in the well remained slightly
above the initial head (~0.65 m). The reason for this discrepancy is likely to be density
and viscosity changes brought about by the change in the temperature of the water
column. Prior to airlifting the water column in the well was in equilibrium with the
surrounding formation with a temperature gradient reducing from 35°C (native
groundwater temperature) at the well screen to ~20°C at the well-head. During airlifting
the water in the well column was displaced with warmer water from the aquifer. At the
conclusion of the test, the temperature of the water column in the well was consistent
with that of the ambient groundwater. It should be noted that the hydraulic conductivity is
a function of density and viscosity that are affected by temperature (and gravity).

-20.0
Time (s)
-15.0
-10.0
5.0 k\

600 1200 1800 2400 3000 360(

©
o

5.0

10.0

15.0 -

Figure 7. Residual drawdown during Test 1 (airlifting at 9.5 L/s)
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Report DWLBC 2009/01
Phase IIb Preliminary Pumping and Injection Trials

1"



2.4 AIRLIFT-RECOVERY TEST 2

Airlift—recovery Test 2 residual drawdown data following the cessation of airlifting is plotted in
Figures 9 and 10. The following general comments can be made:

1. During the airlifting an average pumping rate of 11.8 L/s was achieved.
2. Prior to turning off the air compressor a drawdown of 24.5 m developed.

3. Once the air compressor was switched off, recovery occurred in ~15 seconds with the
head rebounding above the initial potentiometric head, but to a lesser degree than in
Test 1, possibly due to the greater submergence of the air injection line.

4. The head stabilised in 120 seconds.

5. During the 50 minutes of recovery observation, the head in the well remained slightly
above the initial head (~0.5 m). As for Test 1, this is attributed to the temperature change
in the water column in the well.

-10.0 4
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-5.0

1800 2400 N 300C

AR At sl

ge
3

i
3

o
o

o
o

Residual Drawdown (m)

o
o

20.0 -

250 -

Figure 9. Residual drawdown during Test 2 (airlifting at 11.8 L/s)
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Figure 10. Residual drawdown during the first 300 seconds of Test 2
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2.5 AIRLIFT-RECOVERY TEST 3

Airlift-recovery Test 3 residual drawdown data, following the cessation of airlifting is plotted
in Figures 11 and 12. The following general comments can be made:

1. During the airlifting an average pumping rate of 13.0 L/s was achieved.
2. Prior to turning off the compressor a drawdown of 27.7 m developed.

3. Once the air compressor was switched off, recovery occurred within 70 seconds, with the
head rebounding above the initial potentiometric head, but to a lesser degree than in
Test 2. Similar to Test 2, this response is possibly due to the greater submergence of the
air injection line.

N

. The head stabilised in 240 seconds.

()]

. During the 60 minutes of recovery observation, the head in the well remained slightly
above the initial head (0.01 m).
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Figure 11. Residual drawdown during airlifting Test 3 (airlifting at 13.0 L/s)
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2.6 WELL AND AQUIFER HYDRAULICS

2.6.1 HYDRAULIC BEHAVIOUR OF OBSERVATION WELL UNDER

PUMPING STRESS

The preliminary constant-rate airlift—recovery tests conducted on observation well 7030-809
indicate the hydraulic behaviour of the well under pumping stress. The following general
comments can be made:

1.

A maximum pumping rate of 13 L/s was achieved which resulted in the development of
~27 m of drawdown.

A specific capacity of 0.48 L/s per metre of drawdown is indicated at a pumping rate of
13 L/s.

Assuming a (conservative) specific capacity of 0.4 L/s per metre of drawdown, it is
possible the well could be pumped at 50 L/s with the (indicative) development of ~125 m
of drawdown.

A well equation could not be determined from the test data.

2.6.2 HYDRAULIC BEHAVIOUR OF AQUIFER UNDER PUMPING

STRESS

The preliminary constant-rate airlift-recovery tests conducted on the observation well
7030-809 indicate the hydraulic behaviour of the aquifer system under pumping stress. The
following general comments can be made:

1.

Drawdown was not observed during testing and transmissivity cannot be calculated from
drawdown data.

2. An estimation of the transmissivity can be obtained from the residual drawdown data
using Logan’s approximation for confined aquifers (an approximation derived from the
Thiem equation):

T=122Q/s
Where:

T = transmissivity (m?/d)

Q = pumping rate (m®day)

s = residual drawdown (m)
Using the data from airlift-recovery Test 3, i.e. the pumping rate of 13 L/s (1,123 m*/day)
and a residual drawdown of 19.86 m (drawdown at the time the pumping ended, 27.7 m,
corrected for pipe friction losses of 1.96 m per 100 m of FRP casing), a transmissivity of
~70 m?/d can be calculated. Note that Test 3 was selected as it was conducted at the
highest pumping rate and for the longest duration.
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3. The transmissivity estimated here (~70 m?%d) is considerably less than that reported in
Magarey and Osei-Bonsu (2008) of 800 — 25,000 m?d based on hydraulic conductivity
values determined from particle size analysis. It is believed that this range is grossly in
error due to the sample collection method being biased towards the coarser grain size
fraction.

4. No hydraulic boundaries presented during the tests.
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3. INJECTION TESTING - WARINA SANDS TO
WARINA SANDS

The following sections outline the objectives, methodology and results of the injection testing
conducted on observation well 7030-809 using Warina Sands groundwater. Groundwater
Technical Services (DWLBC) conducted all on site works.

Four separate constant rate injection tests (summarised in Table 2) were conducted on
observation well 7030-809 at injection rates of 3, 6, 9 and 12 L/s. Testing commencing on 31
March 2008 using groundwater sourced from the Warina Sands to ensure chemical
compatibility and minimise the potential for any clogging. The duration of each test was
dictated by the time it took for the holding tanks to be emptied at the prescribed injection rate.
Sufficient time was allowed for full recovery before the commencement of each test. Results
from the injection tests are plotted as injection head vs. time in minutes. Data for the injection
testing and associated recovery is provided in Appendix 2. Injection head is signed negative.

Table 2: Injection test details

Test Date Injection rate (L/s) Test duration (mins) Time until recovery
following cessation of
injection (mins)

1 31/3/2008 3 500 <1
2 2/4/2008 6 299 <1
3 4/4/2008 9 200 <1
4 5/4/2008 12 158 <1

3.1 OBJECTIVES

The objectives of the injection testing were to:

1. Gain a preliminary understanding of well hydraulic behaviour of observation well
7030-809 under injection using Warina Sands groundwater.

2. If practical, through the development of a well equation, determine the long—term injection
capacity of the well and aquifer, and the well and aquifer loss.

3.2 PREPARATION FOR INJECTION TESTING

3.2.1 SITE INFRASTRUCTURE

Four 30,000 L holding tanks were transported to the work site. The four tanks were linked
together by connecting to a central 100 mm PVC pipe which was connected to the
headworks of observation well 7030-809 (Figures 13 and 14). Prior to each test the tanks
were filled to capacity using the artesian flow of the Warina Sands. This water was then re-
injected back into the aquifer. Air was bled from the injection line prior to injection.
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3.2.2 DATA RECORDING

Potentiometric pressure in the observation well was recorded using an automated downhole
logging device installed at a depth of 10 m. A separate pressure transducer was installed at
the top of the headworks thus providing independent validation for the downhole logging
device. These devices recorded baseline potentiometric pressure prior to, during, and post
injection. The downhole logger recorded at one minute intervals, and the surface transducer
was read every one minute for the first ten minutes, every two minutes for the next 20
minutes, and between five and ten minutes for the remainder of the tests.

Field parameters of the injectant including temperature and electrical conductivity (EC) were
measured using an FL-90 multi-parameter instrument fitted to a flow-through cell.

Figure 13. Network of pipes connecting the holding tanks to the pump
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Figure 14.  Well headworks
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3.3 INJECTION TEST 1

Injection Test 1 was conducted at an injection rate of 3 L/s and lasted a total of 500 minutes.
Injection head data is plotted in Figure 15. The following general comments can be made:

1. At the commencement of injection, the injection head increased to -9.5 m, before
rebounding and reducing to -1.8 m at ten minutes. This response may be due to a
mechanical effect within the aquifer surrounding the screen.

2. Continued injection resulted in an injection head of ~-2.6 m developing at ~400 minutes
which remained stable until the end of the test.

3. At the end of the test, recovery occurred within one minute resulting in a head 0.55 m
below the initial potentiometric level. Similar to airlifting, these anomalies are attributed to
density and viscosity variations brought about by the change in the temperature of the
water column resulting from the temperature difference between the injectant and the
native groundwater. The stored groundwater (~21°C) is 14°C cooler than that of the
Warina Sands (35°C).

100 - Time (mins)
-8.0
-6.0

-4.0

Injection Head (m)

— Transduce
—— Logger

-2.0 1| la
T

600
0.0 .

2.0-

Figure 15. Injection head during Test 1 (injecting at 3 L/s)
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3.4 INJECTION TEST 2

Injection Test 2 was conducted at a rate of 6 L/s and lasted a total of 299 minutes. Injection
head data is plotted in Figure 16. The following general comments can be made:

1. The injection head increased to —5.76 m at ten minutes, and then increased to —5.79 m by
the end of the test.

2. The temperature range of the injectant was recorded 28.8 - 31.1°C.

3. At the end of the test recovery occurred within one minute. After 60 minutes the
potentiometric level was 0.03 m below the initial level.

Time (mins)

-10.0 4
-8.0 1
6.0 4

4.0 1 — Transduct
— Logger

-2.0

Injection Head (m)

50 100 150 200 250 300 350 400
0.0 ‘ ‘ ‘ ‘ ‘ ol ‘ |

2.0-

Figure 16. Injection head during Test 2 (injecting at 6 L/s)
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3.5 INJECTION TEST 3

Injection Test 3 was conducted at a rate of 9 L/s and lasted for 200 minutes. Injection head
data is plotted in Figure 17. The following general comments can be made:

1. The injection head increased to -10.03 m at ten minutes and then increased to -10.34 m
by the end of the test.

2. The temperature of the injectant was recorded 29.3 - 31.1°C.

3. At the end of the test recovery occurred within one minute. After 60 minutes the
potentiometric level was 0.03 m above the initial level.

Time (mins)

-12.0 q

-6.0

— Transducer
— Logger

-4.0
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Figure 17. Injection head during Test 3 (injecting at 9 L/s)
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3.6 INJECTION TEST 4

Injection Test 4 was conducted at a rate of 12 L/s and lasted a total of 154 minutes. Injection
head data is plotted in Figure 18. The following general comments can be made:

1. The injection head increased to -15.55 m at ten minutes and then increased to -15.62 m
at 64 minutes. The injection head fluctuated for the remainder of the test, and after 154
minutes was observed at -15.41 m.

2. The temperature of the injectant was not recorded due to a malfunction in the water
quality instrument.

3. At the end of the test recovery occurred within one minute. After 28 minutes of recovery
the potentiometric level was 0.21 m below the pre injection level.
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-10.0 4
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0.0 . . . . . . . . . )
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Figure 18. Injection head during Test 4 (injecting at 12 L/s)
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3.7 WELL AND AQUIFER HYDRAULICS

3.7.1 HYDRAULIC BEHAVIOUR OF OBSERVATION WELL UNDER

INJECTION STRESS

The preliminary constant-rate injection tests conducted on the observation well 7030-809
indicate the hydraulic behaviour of the well under injection stress. The following general
comments can be made:

1.

A maximum injection rate of 12 L/s was achieved which resulted in the development of
~-15.5 m of injection head.

A well equation for injection cannot be determined from the test data.

A specific capacity of 0.77 L/s per metre of injection head is indicated at an injection rate
of 12 L/s. This is greater than the figure of 0.48 L/s per metre of drawdown that was
indicated from airlift pumping Test 3, which was conducted at 13 L/s. This anomaly is
due to density and temperature effects.

Assuming a specific capacity of 0.77 L/s per metre of injection head, in theory the well
could be injected at 70 L/s with the (indicative) development of ~-100 m. However,
reference to Figure 19, which is based on very limited data, indicates potential
exponential growth in injection head with increasing injection rate. The figure indicates
that an injection rate of 30 L/s may result in the development of up to -100 m of injection
head. This apparent exponential growth is believed to be a result of the increasing pipe
friction losses caused by the restrictive diameter of the casing (100 mm). This effect will
be considerably less with a production well constructed with a 200 mm ID casing.
Calculations by Mr Don Armstrong indicate that for a 200 mm ID casing, and injection
rate of 50 L/s, an injection head of -50 m would develop.

While there is a slow development of injection head during the tests, there is no
evidence of an increasing rate of injection head development in any individual test, thus
indicating that no clogging occurred during the period of the tests.
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Figure 19. Injection head at 100 minutes vs. injection rate at 3, 6, 9 and 12 L/s. Extrapolation of

the data gives an indication of possible head build up at higher injection rates

3.7.2 HYDRAULIC BEHAVIOUR OF AQUIFER UNDER INJECTION

STRESS

The preliminary constant-rate injection tests conducted on the observation well 7030-809
indicate the hydraulic behaviour of the aquifer system under injection stress. The following
general comments can be made:

1.

While a transmissivity value can be determined from the injection head data, by applying
Logan’s approximation in a similar manner to the airlift-recovery testing, the results
indicate values ~1.4 times higher than that observed under pumping conditions. This is
due to the ‘resistive’ effects of injection resulting from the temperature difference
between the injectant and the native groundwater. Theoretically, the most reliable results
will be obtained when flow is out of the aquifer at the ambient aquifer temperature in
which case the density and viscosity effects are not operating. Forcing cooler water into
a warm aquifer is the least favourable scenario.

A well equation could not be developed for injection.
No hydraulic boundaries presented during the period of the tests.

Recovery occurred within one minute. This behaviour is commensurate with that of a
very leaky aquifer system in which almost instantaneous injection head build—up
develops, which is then followed by very little change. This is likely to be reflective of the
~50 m thick section of aquifer (in which the 30 m long well screen is set) being in
hydraulic communication with the very much thicker Renmark Group (~200 m).

Report DWLBC 2009/01 27
Phase IIb Preliminary Pumping and Injection Trials



Report DWLBC 2009/01
Phase IIb Preliminary Pumping and Injection Trials

28



4. GROUNDWATER SAMPLING

4.1 OBJECTIVES

Sampling was undertaken to determine the level of suspended solids and turbidity of the
Monoman Formation groundwater to aid in filter selection for the Monoman Sands to Warina
Sands Injection Test, and to gain a greater understanding of the physical attributes of the
injectant. Previous sampling indicates that suspended solids and turbidity in Monoman
Formation groundwater is variable across the Floodplain with ranges 6 — 76 mg/L, and 2.3 —

140 NTU respectively. The results from previous sampling are given in Table 3.

Table 3: Suspended solids and turbidity results from wells completed in the Monoman
Formation across the Chowilla floodplain

Location Unit Number Date Screen Interval Total Turbidity (NTU)
(m) suspended
solids (mg/L)
Werta Wert 7030-759 11/04/2007 10-12 30 41
Werta Wert 7030-765 11/04/2007 8.5-10.5 15 27
Werta Wert 7030-756 11/04/2007 4.5-6.5 36 140
Werta Wert 7030-712 11/04/2007 15.07-17.07 16 10
Gum Flat 7030-577 03/05/2005 10-14 73 na
Coppermine 7030-695 03/05/2005 5.76-8.76 55 na
Tareena 7130-56 03/05/2005 3.10-6.10 56 na
Tareena 7130-33 06/06/2003 12-18 25 12
Tareena 7130-33 18/12/2002 12-18 16 16
Tareena 7130-33 12/12/2002 12-18 13 16
Gum Flat 7030-577 06/12/2002 10-14 6 7.2
Gum Flat 7030-577 28/11/2002 10-14 24 26
Gum Flat 7030-577 21/11/2002 10-14 33 19
Gum Flat 7030-577 14/11/2002 10-14 76 21
Gum Flat 7030-577 08/11/2002 10-14 10 23

It was recognised that some previous samples were collected from observation wells.
Subsequently, questions were raised as to the reliability of these samples to give a true
indication of the suspended solids of the groundwater. Current sampling was undertaken to
determine whether lower values could be obtained from a screened (wirewound) production
well (7030-710) completed in the Monoman Formation, and pumped over a 48-hour period.
Sampling of the Warina Sands observation well 7030-809 was also undertaken.
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4.2 SAMPLING METHODOLOGY

Sampling of observation well 7030-809 occurred on 23/4/2008 from 10:00 until 20:30 (total
pumping time 10.5 hours). Prior to sampling, field parameters were measured using a YSI
(Yellow Springs Instruments) multi-parameter instrument calibrated to known standards. The
flow rate was held constant at 8 L/s, and four sets of samples were collected at 14:30, 16:30,
18:30 and 20:30. Samples were submitted to Australian Water Quality Centre (AWQC) for
analysis of total suspended solids, turbidity, major ions and nutrients. A further three 15 L
samples were collected at 15:20, 17:00 and 19:30 and submitted to CSIRO for particle size
distribution (PSD) and membrane filtration index (MFI).

Sampling of production well 7030-710 occurred from 11:00 24/4/2008 to 08:00 26/4/2008
(total pumping time 45 hours). Field parameters including temperature, specific conductance,
pH, dissolved oxygen (DO) and oxidation-reduction potential (ORP) were measured with a
YSI-multi parameter instrument and a FL-90 flow through cell. Pumping was held constant at
rate of ~10 L/s. Ten sets of samples were collected at 1, 3, 6, 10, 15, 20, 30, 35, 40 and 45
hrs. Samples were submitted to AWQC for major ions, suspended solids, volatile suspended
solids, turbidity, iron bacteria, nutrients, phosphorus, soluble iron, soluble manganese, and
dissolved organic carbon. A further six 15 L samples were collected at 1, 3, 10, 20, 35 and
45 hours and submitted to CSIRO for PSD and MFI.

NB: MFI is another index of physical clogging potential that better accounts for the effect of particle
size and composition. MFI is a laboratory-based measure of the potential for physical clogging of a
0.45 ym membrane filter (Dillon et al., 2001). The greater the retention of particles on the filter, the
greater the MFI value (reported in units of s/L?) and hence also the rate of physical clogging. Note that
chemically and biologically derived forms of clogging are not accounted for due to the nature and
brevity of the test procedure (Pavelic et al, 2007).

4.3 RESULTS

Groundwater quality data from the sampling is given in Table 4 while the raw data provided
by AWQC is given in Appendix 3. The following general comments can be made:

1. Monoman Formation groundwater
a. Total suspended solids ranges 8 - 18 mg/L (average of 10.6 mg/L).
b. Temperature 20.70 - 21.35 °C.

2. Warina Sands groundwater
a. Total suspended solids ranges 5 - 13 mg/L (average of 8.6 mg/L).
b. Temperature 34.44 - 34.60 °C.

PSD and MFI results are given in Table 5. Graphs showing the PSD are also given in
Appendix 4.

The following general comments can be made:

1. MFI from the Monoman Formation groundwater ranged 1.2 - 2.3 s/L2.
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2. The PSD of the Monoman Formation groundwater was variable. Samples collected
within the first ten hours of pumping show a medium to high proportion of particles in the
range of 1-10 microns (27 — 71% of total load). However, samples collected in the latter
part of pumping (the final 25 hours) recorded a PSD with a particle size generally in the
range 100 — 800 microns (82.84%, 71.11% and 71.55% of total load at 20, 35 and 45
hours respectively).

3. MFI for the Warina Sands groundwater was ranged 1.8 — 3.4 s/L2.

4. The PSDsy (the median) of for the Warina Sands groundwater was recorded between
284 and 395 microns.
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Aguifer WS
Sample # /Description Sarmple 1
Unit nurmbier 7030-809

Date sarmpled

W5
Sarnple 2
7030-809

WS
Sample 3
7030-809

WS
Sample 4
7030-805

WF
1 hr
7030-710

hF
3 hrs
7030-710

WIF
G hrs
7030-710

MF

10 hrs
7030-710

hF
15 hrs
7030-710

MF

20 hrs
7030-710

MF

30 hrs
7030-710

hF
35 hrs
7030-710

hF
40 hrs
7030-710

MF

45 hrs
7030-710

2304/2008] 23042008 23042008 23042008 24/04/2008 2404020058 24042008 24042003 25/04/2008 250420058 25042008 267042008 26/042008 260472005

Field Parameters

Time 14:30 16:30 18:30 20:30 12:10 14:30 17:20 2120 220 720 17:20 2220 320 g:20
Termp (deg C) 35.60 35.44 35.43 35.44 21.35 20,76

pH 5.52 6.85 6.57 5.58 6.28

DO (mg/L) 0.05 0.0z 0.03 0.03 0.1 0.1

ORP (mY) -241 2778 2846 -2688.6 9.9 -37

TDS (/L) 21.84 21.8 21.81 21.79 33.81 33.81

Specific conductance (wSiemens/cm) 33,590 33,507 33589 33510 52,009 027

Laboratory Analysis

Turbidity (MTU) 0.584 0.61 0.77 0.66 6.6 6.3 7B 9.1 5.5 ] 6.7 7.1 5.4 53
Suspended Solids {mg/L) 5 13 12 5 10 9 17 7 9 g9 13 g 10
Yolatile suspended solids (mg/L) 2 2 3 2 2 2 2 2 2 3
Iron bacteria {microscopic) not detected not detected not detected not detected not detected not detected not detected not detected not detected not detected not detected not detected not detected not detected
Iron bacteria (heterotrophic /ml) 300 200 a0 120/< 10 <10 <10 <10 <10 <10 =10 <10 <10 <10
Alkalinity as CaCO3 (mgiL) 353 356 352 354 246 246 246 246 246 246 246 245 246 246
Bicarbonate {mg/L) 431 434 430 432 300 300 300 300 300 300 300 301 300 300
Carbonate (mg/L) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydroxide (mg/L) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Calcium (mgl) 558 542 536 532 589 5494 589 580 551 589 578 585 575 586
Magnesium (mgl) 611 553 588 584 1380 1390 1380 1380 1370 1350 1360 1370 1350 1370
Potassium (mg/L) 83.4 83 763 5.8 161 162 161 161 159 161 159 161 158 160
Sodiumn {mgL) 6530 6500 6650 6770 11400 11300 11500 11200 11400 11400 11300 11200 11300 11100
Chloride {mgL) 11,300 11300 11400 11300 18900 17700 17200 17400 18100 18100 17000 18400 17700 18400
Fluoride (mgsL) 0 0.18 0.18 0.18 14 1.9 19 14 1.9 19 149 1.9 19 149
Sulphate {mgfl) 2,220 2150 2130 2110 6270 £330 5240 6300 6210 6270 6180 6210 G050 6240
Iran (mg/L) 0.067 0.0739 0.042 0.044 1727 1.756 1.79 1.811 1.853 1.849 1.859 1.812 1.875 149
Iran (soluble) 0.064 0.076 0.042 0.041 1.666 1.719 1.734 173 1.816 1777 1776 1.789 1.851 1.862
Manganese (mgl) 0.695 0.7m 0.7 0.707 0.026 0.027 0.028 0.029 0.03 0.031 0.032 0.032 0.034 0.034
Manganese - soluble (mgsL) 0.686 0.674 0.709 0.674 0.026 0.028 0.028 0.029 0.03 0.031 0.032 0.033 0.033 0.034
Phosphorus {mg/L) 0.059 0.082 0.059 0.064 0.062 0.067 0.058 0.062 0.055 0.066
Phosphorus - Filterable reactive as P 0.05 0.05 0.042 0.045 0.053 0.054 0.044 0.048 0.066 0.053
Mitrogen - Total 0.22 0.24 022 0.3 022 022 0.22 022 022 022
TKM as M (mgiL) 0.18 0.24 0.2 0.29 0.19 0.16 0.22 0.19 0.16 0.15
Ammaonia as N (mg/L) 0.224 0.217 0.222 0.229 0.219 0.218 0.222 0221 0.218

Mitrate + Mitrite as M (mg/L) = 0.005 =0.005 =0.005 =0.005 <0.005 =0.005 =0.005 =0.005 =0.005 =0.005 =0.005 =0.005 =0.005 =0.005
DOC (mog/L) 2 2 1.9 19 0.9 0.8 0.5 0.8 0.8 0.7 0.8 0.8 0.9 0.8
Table 4: Groundwater quality results from the Warina Sands and Monoman Formation
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Table 5:

Groundwater MFI and PSD results from the Warina Sands and Monoman Formation

Identifier Test Date Test MFI (s/Lz) Turbidity PSD1o PSDso PSDgo
No. (NTU) (um) (um) (um)
Mon 1 16/06/08 Test 1 2.3° 12.3 1.29 8.57 175.28
Mon 2 16/06/08 Test 1 1.4° 10.2 1.15 112.53 181.25
Mon 3 16/06/08 Test 1 N/A 15.2 0.79 45 11.07
Mon 4 16/06/08 Test 1 N/A 15 9.18 280.34 433.63
Mon 5 13/06/2008 Test 1 1.2° 15.2 3.09 235.45 441.22
Mon 6 13/06/2008 Test 1 2.1° 10.0 3.84 329.58 536.03
War 1 12/06/2008 Test 1 1.8° 0.78 189.35 290.45 501.5
War 2 12/06/2008 Test 1 N/A 1.1 163.20 284.64 565.45
War 3 12/06/2008 Test 1 34 1.43 123.70 395.1 674.58
12/06/2008 Test 2 3.3° 1.25

Mon refers to Monoman Formation groundwater samples

War refers to Warina Sands groundwater samples

4.4 DISCUSSION

The MFI and PSD results clearly indicate there is a small amount of suspended material
present in groundwater pumped from the Monoman Formation production well. The level of
suspended solids is close to or below an acceptable limit of 10 mg/L for aquifer storage and
recovery (ASR) related activity (Pavelic et al, 2007).

MF| values of 66.1 — 208.9 s/L?> were observed in wells completed in the Monoman
Formation at Gum Flat in 2005. These values far exceeded the 5 s/L? considered acceptable
for injection into fine textured sand dunes (Pavelic et al, 2007). The current results of 1.2 —
2.3 s/L? are more conducive for injection into the Warina Sands.

The PSD of the Monoman Formation groundwater is generally in the range 100 — 800
microns at longer pumping times. Strata samples collected from the Warina Sands resulted
in sieve analysis range of 0.08 (800 microns) — 3 mm. Some caution should be applied to this
interpretation as the strata samples were collected post shale shaker and may be low in the
fine component.

Regardless of filtration techniques very fine material (<50 micron) will enter the aquifer
through the screen, which may lead to physical clogging, and this will need to be removed by
backflushing.

Other potential clogging mechanisms include physical clogging from iron precipitation if the
injectant is exposed to air (although this can be removed by filtration), and biological clogging
by iron bacteria have not been considered as part of this study. These forms of clogging
were considered as part of the clogging assessment conducted in 2007, which forms part of
the Phase Il Feasibility Study undertaken by DWLBC (Magarey and Osei-Bonsu, 2008).
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5. INJECTION TESTING — MONOMAN
FORMATION TO WARINA SANDS

The following sections outline the objectives, methodology and results of the injection test
conducted on observation well 7030-809 using Monoman Formation groundwater.
Groundwater Technical Services (DWLBC) conducted all on site works.

A single constant rate injection test was conducted on observation well 7030-809 at an
injection rate of 6 L/s for a duration of ten days. Testing commenced on 20 June 2008
(concluded 30 June 2008) using groundwater pumped from Monoman Formation production
well 7030-710 located at a distance of 1.4 km. For the first seven days the injection rate was
held constant at 6 L/s, before increasing to 12 L/s for the final three days. This testing was
conducted to determine the hydraulic response of the well and aquifer to the physical and
chemical properties of the operational water (which represents a simulation of a Phase Il
injection trial). Results from the injection test are plotted as injection head vs. time in minutes.
Data for the injection test and associated recovery is provided in Appendix 5. Injection head
is signed negative.

5.1 OBJECTIVES

The objectives of the injection testing were to:

1. Gain a preliminary understanding of well hydraulic behaviour of observation well
7030-809 under injection using Monoman Formation groundwater.

5.2 PREPARATION FOR INJECTION TESTING

5.2.1 FILTRATION

Prior to the test, an inline filter was purchased to assist in the removal of remnant suspended
solids pumped from the Monoman Formation. The filter included interchangeable cartridges
with apertures of 50, 100 and 200 microns. The filter was installed at the southern (pumping)
end of the line, and was programmed to backflush every eight hours or to flush automatically
if excessive pressure built up by blocking with particulate matter. Air was bled from the
injection line prior to injection.

5.2.2 DATA RECORDING

Potentiometric pressure in the observation well was recorded using an automated downhole
logging device installed at a depth of 6.4 m. A separate pressure transducer was installed at
the top of the headworks thus providing independent validation for the downhole logging
device. These devices recorded baseline potentiometric pressure prior to, during, and post
injection. The downhole logger recorded at one minute intervals, and the surface transducer
was read every one minute for the first ten minutes, every two minutes for the next 20
minutes, and between 5 and 30 minutes for the remainder of the test.
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5.3 INJECTION TEST

The long—term injection test was conducted at an injection rate of 6 L/s for the first seven
days, then increased to 12 L/s for the final three days — total duration 14,402 minutes.
Injection head data is plotted in Figure 20. The following general comments can be made:

1. The initial injection head spiked during the first ten minutes before falling below the pre—
injection potentiometric level and stabilising at ~1,000 minutes. These anomalies are
attributed to density and viscosity variations brought about by the change in the
temperature of the water column resulting from the temperature difference between the
injectant and the native groundwater. The Monoman Formation groundwater (~21°C) is
14°C cooler than that of the Warina Sands (35°C).

2. The temperature of the injectant was not recorded during the testing, however
temperature recorded during chemistry sampling was 20.6 - 21.35°C. These
temperatures are considered equivalent with those encountered during the testing.

3. At 1,400 minutes the injection head reduced, coinciding with the blocking of the 50
micron filter cartridge, which was then replaced with a 100 micron cartridge. Inspection
of the cartridge revealed the fine particles had been wedged in the openings, as the
automatic backflushing device did not produce sufficient pressure to remove the
particulates.

4. The injection head continued to remain below the pre—injection potentiometric levels until
~4,000 minutes. It appears that temperature of the injectant had a greater influence on
injection head during the first 3,500 minutes than the injection process itself.

5. From 4,000 to 10,096 minutes the injection head fluctuated around 0 m.

6. At 10,096 minutes the injection rate was increased (incrementally) from 6 L/s to 12 L/s.
For each 1 L/s increase, the injection head increased by ~-1.8 m, increasing rapidly to ~-
10.5 m. This is 5 m less than the 15.5 m of injection head that developed during the
Warina Sands to Warina Sands Injection Test at the same injection rate. The reason for
the discrepancy is due to temperature effects caused by the injection of cooler Monoman
Formation groundwater.

7. At 10,440 minutes the injection head reduced, coinciding with the blocking of the 100
micron filter cartridge, and a reduced injection rate. The 100 micron cartridge was then
replaced with a 200 micron cartridge.

8. During the final 4,000 minutes of the test the injection head continued to develop,
increasing to -11.44 m at 14,402 minutes. The injection head increased by -1.03 m
during this period and maintained a constant rate of increase over the final 3,000
minutes of ~-0.21 m/d.

9. Steady state was not reached.

10. Recovery in the well was not recorded at test completion.
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5.4 WELL AND AQUIFER HYDRAULICS

The long—term constant-rate injection test conducted on the observation well 7030-809
indicates the hydraulic behaviour of the well under injection stress. The following comment
can be made in addition to those from the Warina Sands to Warina Sands Injection Test:

1. Once the injection rate is increased to 12 L/s there is a slow development of injection
head. When the data is plotted on log—linear commencing at time zero there is evidence
of increasing rate, however, this cannot be attributed to well clogging and may simply be
an aquifer response. The test did not continue for a sufficiently long duration at the higher
rate for any clear departure from the simple leaky aquifer system response to become
evident. The small head rise could also be analogous to the delayed yield response,
which can occur when coarse and fine sands are interbedded or when water stored in the
aquitards begins to be released into the aquifer in a pumped—well situation. In the case
of injection, the response could be to increasing resistance to flow into the aquitards
located above, below (and within) the target aquifer. There is also the possibility that the
increase in head is another temperature driven response, as the aquifer in the vicinity of
the injection well is filling with cooler water.
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Figure 20. Injection head during Monoman Sands to Warina Sands Injection Test
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

The results from the various stages of airlift-recovery testing, injection testing and
groundwater sampling have resulted in a greater understanding of the potential for deep
aquifer disposal of Monoman Formation groundwater into the Warina Sands, within the
limitations placed on the project by the diameter of the observation well and the testing
methods applied. The results indicate that deep aquifer disposal of saline groundwater in the
Chowilla region is technically feasible. Conclusions that can be drawn from the current
investigations include:

1. The Warina Sands has the potential to receive Monoman Formation groundwater at
favourable rates.

2. The injection head that will develop in a large diameter 200 mm ID injection well will be
considerably less than was developed in the 100 mm ID observation well for a given
injection rate.

3. In order to maintain any particular injection rate, a steady state situation must ideally be
reached. Assuming a leaky aquifer system, the testing conducted did not extend for a
sufficiently long duration for steady state conditions to develop in the Monoman
Formation to Warina Sands injection test. If the aquifer system is confined, then there will
be a small (and reducing) additional increment of additional injection head developed with
each log cycle of time according to the Theis curve solution.

4. The physical and chemical characteristics of the Monoman Formation groundwater are
suitable for injection, provided filtration is used. A 50 micron filter will be consistent with
the particle size distribution of the Monoman Formation groundwater.

6.2 RECOMMENDATIONS

Given the limitations resulting from the casing diameter of the existing well, it is
recommended that a Phase lll injection trial utilising a large diameter injection well be
undertaken. The following recommendations highlight the major issues that should be
considered as part of a Stage Il injection trial:

1. Drill and construct a Warina Sands injection (production) well at the study site and
adequately develop it.

a. The specifications for this well must be carefully considered prior to construction but
should include a minimum casing diameter of 200 mm ID, which will have a
significant effect on reducing pipe friction losses.

b. Careful selection of the drilling method and construction materials may assist with
reducing the potential for clogging (Segalen et al., 2005). Remediation methods need
to be determined prior to drilling and may include backflush pumping, jetting and
surging with a drilling rig in the event of severe clogging. A pumping chamber will
need to be incorporated into the design to a depth of ~100 m to accommodate a high
capacity pump to be used during backflushing.
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C.

The production well should be drilled to the casing point, set the casing and grout it,
and then drill and core the production zone with reverse circulation drilling or cable
tool drilling to allow accurate strata sample collection and particle size determination
of the Warina Sands. Ideally the production zone should be drilled without the use of
drilling fluids, the practicality of this would need to be further considered in view of the
artesian nature of the aquifer, which would flow in excess of 10 L/s.

The disposal of groundwater will need to be considered during the drilling,
development and pumping tests. It is possible that the excess from the holding dam
could be redirected to Monoman Formation disposal well(s) or perhaps the Warina
Sands observation well if it were filtered, although the rate required for disposal may
be a problem.

2. Conduct a pumping test on the Warina Sands injection well, using observation well 7030-
809 as an observation well, to quantify well hydraulics and aquifer and aquitard hydraulic
parameters.

a.

The positioning of the injection well in relation to the existing observation well must be
carefully considered to ensure the maximum amount of useful data can be collected.
From the hydraulic perspective the observation well should be located at a distance of
1.5 times the aquifer thickness in order to overcome complications resulting from
partial penetration of the aquifer (resulting in a separation of 75 m — based on an
aquifer thickness of 50 m).

Consideration should also be given to the position of the injection well with regards to
monitoring of physio—chemical parameters as a result of breakthrough of injectant in
the Warina Sands. This will give an indication of any chemical changes that may be
occurring as a result of mixing Monoman Formation and Warina Sands groundwater.

3. Drill and construct multiple feeder production wells completed in the Monoman
Formation.

a.

The feeder production wells will be used to pump Monoman Formation groundwater
into the Warina Sands injection well. The feeder wells will lower the water table
around Werta Wert wetland with the aim of returning positive ecological outcomes
and reduce salt accumulation in the soils.

The well construction method and development of these production wells will play an
important role in the determining the concentration of suspended solids in the source
injectant. It is recommended that production wells include wirewound screens (to
minimise the entrance velocity) and gravel packs, and be developed at the rate at
which they will be pumped for an injection trial.

The amount of suspended material produced from production wells will be critical for
the overall management of a Phase lll injection trial, and will reduce the amount of
remediation work required during an operational phase. In addition to the production
wells, observation wells should be drilled adjacent to the Monoman Formation
production wells to determine groundwater lowering.

4. Obtain filtration equipment and implement infrastructure for direct injection of Monoman
Formation groundwater into the Warina Sands.

a.

This is viewed as a more favourable option than relying solely on the potential to
rectify clogging once it has occurred. Further discussions with Groundwater Technical
Services and AMIAD Filtration Systems should occur prior to design and purchase.

Report DWLBC 2009/01 40
Phase IIb Preliminary Pumping and Injection Trials



b. A series of in line filters should be considered with a 50 micron filter providing the final
filtration. Problems encountered during the Monoman Sands to Warina Sands
Injection Test (blocking, excessive flushing and inadequate cleaning of the 50 micron
filter cartridge) can be overcome by ensuring sufficient backpressure is maintained
(Holliday (AMIAD) pers comm., 2008).

c. Consideration should also be given to the potential for clogging with iron bacteria, and
precipitation of iron, and how these may be controlled.

d. Backflushing rules must be developed prior to any injection. One simple measure is
the injection head development at both the injection and observation well. This should
be consistent with the observed aquifer hydraulics and should not change with time if
no clogging is occurring.

5. Sample Monoman Formation production wells for a range of physio—chemical parameters
including suspended solids, turbidity, membrane filtration index, particle size distribution,
major ions and nutrients.

6. Implement seismic monitoring stations with adequate monitoring prior to commencing a
Phase Il injection trial (refer to Magarey and Osei-Bonsu 2008).

7. Undertake trial injection testing for 6 — 12 months duration.

a. Injection testing should commence at lower rates increasing with time, provided
backflushing proves successful.

b. The maximum (safe) injection head that can be developed needs to be considered
further. A nominal value of 100 m has been discussed in this report. The safe
injection head should be less than the fracture pressure, which is related to the depth
and strength of overburden materials. A conservative estimate of the fracture
pressure can be made by assuming the overburden has zero strength and that gravity
is the only force keeping it in place. Assuming a density of 2 t/m® for the dry material,
and allowing 1 t/m® for the buoyancy effect of the artesian conditions, the resultant
downward force is equivalent to 1 t/m depth. This is equivalent to column of water
equal in height to the depth to the aquifer, and thus an injection head of up to 350 m
would be theoretically considered to be safe. An even more conservative value of
safe injection head is derived by taking 85% of the fracture pressure at aquifer level,
resulting in 250 m.

8. The Warina Sands is a regional confined aquifer and deep aquifer disposal may have
application elsewhere in the Riverland for the disposal of saline groundwater or brines
generated from desalination.
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GLOSSARY

Ambient — The background level of an environmental parameter (e.g. a measure of water quality
such as salinity)

Ambient water monitoring — All forms of monitoring conducted beyond the immediate influence of a
discharge pipe or injection well, and may include sampling of sediments and living resources

Ambient water quality — The overall quality of water when all the effects that may impact upon the
water quality are taken into consideration

Aquiclude — In hydrologic terms, a formation that contains water but cannot transmit it rapidly
enough to furnish a significant supply to a well or spring

Aquifer — An underground layer of rock or sediment that holds water and allows water to percolate
through

Aquifer, confined — Aquifer in which the upper surface is impervious (see ‘confining layer’) and the
water is held at greater than atmospheric pressure; water in a penetrating well will rise above the
surface of the aquifer

Aquifer test — A hydrological test performed on a well, aimed to increase the understanding of the
aquifer properties, including any interference between wells, and to more accurately estimate the
sustainable use of the water resources available for development from the well

Aquifer, unconfined — Aquifer in which the upper surface has free connection to the ground surface
and the water surface is at atmospheric pressure

Aquitard — A layer in the geological profile that separates two aquifers and restricts the flow between
them

ASR — Aquifer Storage and Recovery; involves the process of recharging water into an aquifer for the
purpose of storage and subsequent withdrawal; also known as aquifer storage and retrieval

Artesian — An aquifer in which the water surface is bounded by an impervious rock formation; the
water surface is at greater than atmospheric pressure, and hence rises in any well which penetrates
the overlying confining aquifer

Artificial recharge — The process of artificially diverting water from the surface to an aquifer; artificial
recharge can reduce evaporation losses and increase aquifer yield; see also ‘natural recharge’,
‘aquifer’

Baseflow — The water in a stream that results from groundwater discharge to the stream; often
maintains flows during seasonal dry periods and has important ecological functions

Basin — The area drained by a major river and its tributaries

Bgs — below ground surface

Biodiversity — (1) The number and variety of organisms found within a specified geographic region.
(2) The variability among living organisms on the earth, including the variability within and between
species and within and between ecosystems

Bore — See ‘well’

Catchment — That area of land determined by topographic features within which rainfall will
contribute to run-off at a particular point

Cone of depression — An inverted cone-shaped space within an aquifer caused by a rate of
groundwater extraction that exceeds the rate of recharge; continuing extraction of water can extend
the area and may affect the viability of adjacent wells, due to declining water levels or water quality

Confining layer — A rock unit impervious to water, which forms the upper bound of a confined
aquifer; a body of impermeable material adjacent to an aquifer; see also ‘aquifer, confined’
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Contaminant — A material added by humans or natural activities that may, in sufficient
concentrations, render the environment unacceptable for biota; the presence of these materials is not
necessarily harmful

CSIRO — Commonwealth Scientific and Industrial Research Organisation
DEH — Department for Environment and Heritage (Government of South Australia)

Diversity — The distribution and abundance of different kinds of plant and animal species and
communities in a specified area

DO — Dissolved Oxygen
DOC — Dissolved Organic Carbon

Domestic purpose — The taking of water for ordinary household purposes; includes the watering of
land in conjunction with a dwelling not exceeding 0.4 hectares

Dryland salinity — The process whereby salts stored below the surface of the ground are brought
close to the surface by the rising watertable. The accumulation of salt degrades the upper soil profile,
with impacts on agriculture, infrastructure and the environment.

DWLBC — Department of Water, Land and Biodiversity Conservation (Government of South
Australia)

EC — Electrical conductivity; 1 EC unit = 1 micro-Siemen per centimetre (uS/cm) measured at 25°C;
commonly used as a measure of water salinity as it is quicker and easier than measurement by TDS

Ecology — The study of the relationships between living organisms and their environment

Ecosystem — Any system in which there is an interdependence upon, and interaction between, living
organisms and their immediate physical, chemical and biological environment

Ephemeral streams or wetlands — Those streams or wetlands that usually contain water only on an
occasional basis after rainfall events. Many arid zone streams and wetlands are ephemeral.

Evapotranspiration — The total loss of water as a result of transpiration from plants and evaporation
from land, and surface water bodies

EWS — Engineering and Water Supply Department (Government of South Australia); now ‘SA Water’

Floodplain — Of a watercourse means: (1) floodplain (if any) of the watercourse identified in a
catchment water management plan or a local water management plan; adopted under the Act; or (2)
where (1) does not apply — the floodplain (if any) of the watercourse identified in a development plan
under the Development (SA) Act 1993; or (3) where neither (1) nor (2) applies — the land adjoining
the watercourse that is periodically subject to flooding from the watercourse

Fully-penetrating well — In theory this is a wellhole that is screened throughout the full thickness of
the target aquifer; in practice, any screen that is open to at least the mid 80% of a confined aquifer is
regarded as fully-penetrating

Geological features — Include geological monuments, landscape amenity and the substrate of land
systems and ecosystems

Groundwater — Water occurring naturally below ground level or water pumped, diverted and
released into a well for storage underground; see also ‘underground water’

Hydraulic conductivity (K) — A measure of the ease of flow through aquifer material: high K
indicates low resistance, or high flow conditions; measured in metres per day

Hydrogeology — The study of groundwater, which includes its occurrence, recharge and discharge
processes, and the properties of aquifers; see also ‘hydrology’

Hydrology — The study of the characteristics, occurrence, movement and utilisation of water on and
below the Earth’s surface and within its atmosphere; see also ‘hydrogeology’

Infrastructure — Artificial lakes; dams or reservoirs; embankments, walls, channels or other works;
buildings or structures; or pipes, machinery or other equipment

Injection well — An artificial recharge well through which water is pumped or gravity-fed into the
ground
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Lake — A natural lake, pond, lagoon, wetland or spring (whether modified or not) that includes part of
a lake and a body of water declared by regulation to be a lake. A reference to a lake is a reference to
either the bed, banks and shores of the lake or the water for the time being held by the bed, banks and
shores of the lake, or both, depending on the context.

Land — Whether under water or not, and includes an interest in land and any building or structure
fixed to the land

m AHD — Defines elevation in metres (m) according to the Australian Height Datum (AHD)

Monitoring — (1) The repeated measurement of parameters to assess the current status and
changes over time of the parameters measured (2) Periodic or continuous surveillance or testing to
determine the level of compliance with statutory requirements and/or pollutant levels in various media
or in humans, animals, and other living things

Native species — Any animal and plant species originally in Australia; see also ‘indigenous species’

Observation well — A narrow well or piezometer whose sole function is to permit water level
measurements

Obswell — Observation Well Network
Penetrating well — See ‘fully-penetrating well’

Perennial streams — Permanently inundated surface stream courses. Surface water flows
throughout the year except in years of infrequent drought.

Permeability — A measure of the ease with which water flows through an aquifer or aquitard,
measured in m?/d

pH — acidity

Piezometer — A narrow tube, pipe or well; used for measuring moisture in soil, water levels in an
aquifer, or pressure head in a tank, pipeline, etc

Potentiometric head — The potentiometric head or surface is the level to which water rises in a well
due to water pressure in the aquifer, measured in metres (m); also known as piezometric surface

Production well — The pumped well in an aquifer test, as opposed to observation wells; a wide-hole
well, fully developed and screened for water supply, drilled on the basis of previous exploration wells

Ramsar Convention — This is an international treaty on wetlands titled The Convention on Wetlands
of International Importance Especially as Waterfowl Habitat. It is administered by the International
Union for Conservation of Nature and Natural Resources. It was signed in the town of Ramsar, Iran in
1971, hence its common name. The convention includes a list of wetlands of international importance
and protocols regarding the management of these wetlands. Australia became a signatory in 1974.

SA Geodata — A collection of linked databases storing geological and hydrogeological data, which
the public can access through the offices of PIRSA. Custodianship of data related to minerals and
petroleum, and groundwater, is vested in PIRSA and DWLBC, respectively. DWLBC should be
contacted for database extracts related to groundwater

Specific storage (Ss) — Specific storativity; the amount of stored water realised from a unit volume of
aquifer per unit decline in head; it is dimensionless

Specific yield (Sy) — The volume ratio of water that drains by gravity, to that of total volume of the
porous medium. It is dimensionless

(S) — Storativity; storage coefficient; the volume of groundwater released or taken into storage per
unit plan area of aquifer per unit change of head; it is dimensionless

Surface water — (a) water flowing over land (except in a watercourse), (i) after having fallen as rain
or hail or having precipitated in any another manner, (ii) or after rising to the surface naturally from
underground; (b) water of the kind referred to in paragraph (a) that has been collected in a dam or
reservoir

T — Transmissivity; a parameter indicating the ease of groundwater flow through a metre width of
aquifer section (taken perpendicular to the direction of flow), measured in m?/d

TDS — Total dissolved solids, measured in milligrams per litre (mg/L); a measure of water salinity
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Tertiary aquifer — A term used to describe a water-bearing rock formation deposited in the Tertiary
geological period (1-70 million years ago)

TKN — Total Kjeldahl Nitrogen; the sum of aqueous ammonia and organic nitrogen; used as a
measure of probable sewage pollution

TN — Total nitrogen
TOC — Top of casing

Transmissivity (T) — A parameter indicating the ease of groundwater flow through a metre width of
aquifer section

TSS — Dissolved suspended solids

Turbidity — The cloudiness or haziness of water (or other fluid) caused by individual particles that are
too small to be seen without magnification, thus being much like smoke in air; measured in
Nephelometric Turbidity Units (NTU)

Underground water (groundwater) — Water occurring naturally below ground level or water
pumped, diverted or released into a well for storage underground

Watercourse — A river, creek or other natural watercourse (whether modified or not) and includes: a
dam or reservoir that collects water flowing in a watercourse; a lake through which water flows; a
channel (but not a channel declared by regulation to be excluded from the this definition) into which
the water of a watercourse has been diverted; and part of a watercourse

Water quality data — Chemical, biological, and physical measurements or observations of the
characteristics of surface and groundwaters, atmospheric deposition, potable water, treated effluents,
and wastewater, and of the immediate environment in which the water exists

Well — (1) An opening in the ground excavated for the purpose of obtaining access to underground
water. (2) An opening in the ground excavated for some other purpose but that gives access to
underground water. (3) A natural opening in the ground that gives access to underground water

Wetlands — Defined by the Act as a swamp or marsh and includes any land that is seasonally
inundated with water. This definition encompasses a number of concepts that are more specifically
described in the definition used in the Ramsar Convention on Wetlands of International Importance.
This describes wetlands as areas of permanent or periodic to intermittent inundation, whether natural
or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt,
including areas of marine water, the depth of which at low tides does not exceed six metres.
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APPENDICES

- ———
APPENDIX 1:  AIRLIFT-RECOVERY TEST DATA

Test Date Depth of air  Airlift Pumping Test Maximum Time until
injection line  pressure rate (L/s) duration drawdown recovery
below TOC (kPa) (mins) (m) following
(m) cessation of

airlifting (s)

1 27/3/2008 21 ~689 9.5 240 13.0 ~90

28/3/2008 51 ~689 11.8 240 243 120
3 29/3/2008 81 ~689 13.0 480 27.7 240

Test 1 Residual drawdown logger data following cessation of pumping
Head prior to airlifting: 31.912 m above logger

Time (s) Head above logger (m) Resid — S(t) (m)
0 18.915 12.997
10 49.490 -17.578
20 38.253 -6.341
30 35.358 -3.446
40 34.117 -2.205
50 33.359 -1.447
60 33.049 -1.137
70 32.877 -0.965
80 32.773 -0.861
90 32.773 -0.861

100 32.704 -0.792
110 32.704 -0.792
120 32.704 -0.792
130 32.601 -0.689
140 32.704 -0.792
150 32.704 -0.792
160 32.704 -0.792
170 32.704 -0.792
180 32.773 -0.861
190 32.773 -0.861
200 32.773 -0.861
210 32.704 -0.792
220 32.704 -0.792
230 32.704 -0.792
240 32.773 -0.861
250 32.704 -0.792
260 32.704 -0.792
270 32.704 -0.792
Report DWLBC 2009/01 43

Phase IIb Preliminary Pumping and Injection Trials



Time (s) Head above logger (m)

Resid — S(t) (m)

280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
670
730
790
850
910
970
1030
1090
1150
1210
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32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
32.704
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-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
-0.792
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Time (s) Head above logger (m)

Resid — S(t) (m)

1270
1330
1390
1450
1510
1570
1630
1690
1750
1810
1870
1930
1990
2050
2110
2170
2230
2290
2350
2410
2470
2530
2590
2650
2710
2770
2830
2890
2950
3010
3070
3130
3190
3250
3310
3370
3430
3490
3550
3610
3670
3730

32.635
32.704
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.635
32.566
32.635
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566
32.566

-0.723
-0.792
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.723
-0.654
-0.723
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
-0.654
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Test 2 Residual drawdown logger data following cessation of pumping
Head prior to airlifting: 62.452 m above logger

Time (s) Head above probe (m) Resid — S(t) (m)
0 38.115 24.337
10 50.457 11.995
20 69.278 -6.826
30 58.005 4.447
40 60.178 2.274
50 63.831 -1.379
60 63.417 -0.965
70 62.452 0.000
80 62.521 -0.069
90 63.349 -0.897

100 63.865 -1.413
110 63.211 -0.759
120 63.038 -0.586
130 62.866 -0.414
140 62.866 -0.414
150 62.969 -0.517
160 63.142 -0.690
170 62.969 -0.517
180 63.142 -0.690
190 63.004 -0.552
200 63.004 -0.552
210 63.004 -0.552
220 63.245 -0.793
230 62.969 -0.517
240 63.107 -0.655
250 62.935 -0.483
260 63.245 -0.793
270 63.004 -0.552
280 63.004 -0.552
290 63.004 -0.552
300 63.004 -0.552
310 62.866 -0.414
320 63.142 -0.690
330 63.004 -0.552
340 63.142 -0.690
350 62.866 -0.414
360 63.073 -0.621
370 63.004 -0.552
380 63.280 -0.828
390 62.969 -0.517
400 62.969 -0.517
410 63.176 -0.724
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Time (s) Head above probe (m)

Resid — S(t) (m)

420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
650
710
770
830
890
950
1010
1070
1130
1190
1250
1310
1370
1430
1490
1550
1610
1670
1730
1790
1850
1910
1970
2030
2090
2150
2210
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63.004
63.004
63.004
62.866
63.073
63.073
63.004
62.935
63.280
63.004
63.004
63.280
63.004
62.901
63.038
63.038
63.176
62.969
63.176
63.004
63.280
62.935
63.004
63.004
63.211
62.901
63.073
62.969
63.038
63.038
63.004
63.280
63.142
62.969
62.969
63.211
63.004
62.901
62.969
62.969
63.142
62.935
62.866
62.935
63.073
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-0.552
-0.552
-0.552
-0.414
-0.621
-0.621
-0.552
-0.483
-0.828
-0.552
-0.552
-0.828
-0.552
-0.449
-0.586
-0.586
-0.724
-0.517
-0.724
-0.552
-0.828
-0.483
-0.552
-0.552
-0.759
-0.449
-0.621
-0.517
-0.586
-0.586
-0.552
-0.828
-0.690
-0.517
-0.517
-0.759
-0.552
-0.449
-0.517
-0.517
-0.690
-0.483
-0.414
-0.483
-0.621
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Time (s) Head above probe (m)

Resid — S(t) (m)

2270
2330
2390
2450
2510
2570
2630
2690
2750
2810
2870
2930
2990

62.935
62.935
62.901
63.004
62.935
62.901
62.866
62.935
62.935
63.073
62.969
62.866
57.901

-0.483
-0.483
-0.449
-0.552
-0.483
-0.449
-0.414
-0.483
-0.483
-0.621
-0.517
-0.414
4.551
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Test 3 Residual drawdown logger data following cessation of pumping
Head prior to airlifting: 93.399 m above logger

Time (s) Head above logger (m)  Resid — S(t) (m)0

0 65.692 27.707
10 67.553 25.846
20 79.757 13.642
30 94.613 -1.214
40 89.444 3.955

50 94.820 -1.421
60 93.614 -0.215
70 92.373 1.026

80 93.889 -0.49

90 92.718 0.681
100 92.890 0.509
110 95.406 -2.007
120 92.132 1.267
130 93.028 0.371
140 93.958 -0.559
150 93.545 -0.146
160 93.441 -0.042
170 92.993 0.406
180 92.993 0.406
190 93.683 -0.284
200 94.268 -0.869
210 93.958 -0.559
220 93.407 -0.008
230 93.407 -0.008
240 93.338 0.061
250 93.579 -0.18
260 93.579 -0.18
270 93.304 0.095
280 93.304 0.095
290 93.614 -0.215
300 93.614 -0.215
310 93.476 -0.077
320 93.545 -0.146
330 93.614 -0.215
340 93.786 -0.387
350 93.545 -0.146
360 93.441 -0.042
370 93.441 -0.042
380 93.579 -0.18
390 93.648 -0.249
400 93.545 -0.146
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Time (s) Head above logger (m)

Resid — S(t) (m)0

410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
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93.441
93.441
93.510
93.200
93.441
93.545
94.510
93.062
93.510
93.407
93.476
93.407
93.648
93.476
93.476
93.614
93.441
93.441
93.579
93.579
93.476
93.510
93.717
93.372
93.476
94.165
93.372
93.476
93.579
93.441
93.476
93.717
93.407
93.338
93.476
93.476
93.476
93.372
93.407
93.407
93.476
93.476
93.407
99.681
93.407

-0.042
-0.042
-0.111
0.199
-0.042
-0.146
-1.111
0.337
-0.111
-0.008
-0.077
-0.008
-0.249
-0.077
-0.077
-0.215
-0.042
-0.042
-0.18
-0.18
-0.077
-0.111
-0.318
0.027
-0.077
-0.766
0.027
-0.077
-0.18
-0.042
-0.077
-0.318
-0.008
0.061
-0.077
-0.077
-0.077
0.027
-0.008
-0.008
-0.077
-0.077
-0.008
-6.282
-0.008
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Time (s) Head above logger (m)

Resid — S(t) (m)0

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
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93.510
93.097
94.131
93.441
93.372
93.476
93.441
93.407
93.648
93.476
93.407
93.304
93.476
93.648
93.407
93.407
93.407
93.407
93.407
93.407
93.407
93.407
93.407
93.407
93.407

-0.111
0.302
-0.732
-0.042
0.027
-0.077
-0.042
-0.008
-0.249
-0.077
-0.008
0.095
-0.077
-0.249
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
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APPENDIX 2: WARINA SANDS TO WARINA SANDS INJECTION
DATA

Test Date Injection rate (L/s) Test duration (mins) Time until recovery
following cessation of
injection (mins)

1 31/3/2008 3 500 <1
2 2/4/2008 6 299 <1
3 4/4/2008 9 200 <1
4 5/4/2008 12 158 <1

Test 1 injection head data

Time
(mins) Head above logger (m) Injection Head (m) Comment
Initial head 20.741
1 20.707 0.034
2 20.707 -0.069
3 20.81 -9.376
4 30.117 -3.621
5 24.362 -2.243
6 22.984 -2.311
7 23.052 -2.001
8 22.742 -1.863
9 22.604 -1.932
10 22.673 -1.932
11 22.673 -2.105
12 22.846 -2.105
13 22.846 -1.45
14 22.191 -1.967
15 22.708 -1.795
16 22.536 -1.898
17 22.639 -1.898
18 22.639 -1.795
19 22.536 -1.795
20 22.536 -1.795
21 22.536 -1.898
22 22.639 -1.829
23 22.57 -1.898
24 22.639 -1.76
25 22.501 -1.76
26 22.501 -1.76
27 22.501 -1.863
28 22.604 -1.863
29 22.604 -1.863
30 22.604 -1.967
31 22.708 -2.208
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Time

(mins) Head above logger (m)

Injection Head (m)

Comment

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
65
70
80
90
95
100
105
110
115
120
125
130
135
140
145
150
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22.949
22.673
22.673
22.777
22777
22.673
23.604
23.087
22.087
22.708
22.984
22.915
22.811
22.742
22.811
22.604
22.673
22777
22.673
22777
22.673
22.811
22.639
23.742
23.19
22.811
22.742
22.811
23.087
22777
22.777
22.915
23.018
22.880
22.846
22.570
22.846
23.190
22.811
22.915
22.949
23.156
22.811
23.018
22.949

-1.932
-1.932
-2.036
-2.036
-1.932
-1.863
-2.346
-2.346
-1.967
-2.243
-2.174
-2.07
-2.001
-2.07
-1.863
-1.932
-2.036
-1.932
-2.036
-1.932
-2.07
-1.898
-2.001
-2.449
-2.07
-2.001
-2.07
-2.346
-2.036
-2.036
-2.036
-2.174
-2.277
-2.139
-2.105
-1.829
-2.105
-2.449
-2.07
-2.174
-2.208
-2.415
-2.07
-2.277
-2.208
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Time

(mins) Head above logger (m)

Injection Head (m)

Comment

155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375

Report DWLBC 2009/01

Phase IIb Preliminary Pumping and Injection Trials

22.949
23.052
23.018
23.018
23.052
22.984
23.156
23.052
23.052
23.052
23.121
23.087
23.052
23.052
23.087
23.018
23.087
23.018
23.018
23.052
23.190
22.984
23.121
23.121
23.121
23.259
23.294
23.259
23.225
23.225
23.363
23.087
23.190
23.156
23.156
23.156
23.121
23.121
23.156
23.121
23.604
23.294
23.225
23.225
23.294

-2.208
-2.311
-2.277
-2.277
-2.311
-2.243
-2.415
-2.311
-2.311
-2.311
-2.38
-2.346
-2.311
-2.311
-2.346
-2.277
-2.346
-2.277
-2.277
-2.311
-2.449
-2.243
-2.38
-2.38
-2.38
-2.518
-2.553
-2.518
-2.484
-2.484
-2.622
-2.346
-2.449
-2.415
-2.415
-2.415
-2.38
-2.38
-2.415
-2.38
-2.863
-2.553
-2.484
-2.484
-2.553
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Time

(mins) Head above logger (m)

Injection Head (m)

Comment

380
385
390
395
400
405
410
415
420
425
430
435
440
445
450
455
460
465
470
475
480
485
490
495
500
505
510
515
520

23.466
23.225
23.190
23.328
23.156
23.225
23.259
23.294
23.328
23.432
23.294
23.328
23.569
23.466
23.604
23.294
23.225
23.328
23.294
23.259
23.328
23.259
23.294
23.156
23.432
20.362
20.224
20.293
20.224

-2.725
-2.484
-2.449
-2.587
-2.415
-2.484
-2.518
-2.553
-2.587
-2.691
-2.553
-2.587
-2.828
-2.725
-2.863
-2.553
-2.484
-2.587
-2.553
-2.518
-2.587
-2.518
-2.553
-2.415
0.517
0.517
0.517
0.448
0.517

Injection Stopped
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Test 2 injection head data

Time
(mins) Head above logger (m) Injection Head (m) Comment
0 Initial head 20.74 1.205
1 25.40 -4.656
2 25.91 -5.173
3 26.33 -5.586
4 26.26 -5.518
5 26.05 -5.311
6 26.22 -5.483
7 26.22 -5.483
8 26.29 -5.552
9 26.50 -5.759
10 26.36 -5.621
11 26.46 -5.724
12 26.46 -5.724
13 26.46 -5.724
14 26.71 -5.966
15 26.43 -5.69
16 26.57 -5.828
17 26.57 -5.828
18 26.57 -5.828
19 26.33 -5.586
20 26.40 -5.655
21 26.40 -5.655
22 26.50 -5.759
23 26.50 -5.759
24 26.50 -5.759
25 26.33 -5.586
26 26.33 -5.586
27 26.64 -5.897
28 26.46 -5.724
29 26.53 -5.793
30 26.43 -5.69
31 26.60 -5.862
32 26.46 -5.724
33 26.46 -5.724
34 26.46 -5.724
35 26.40 -5.655
36 26.40 -5.655
37 26.40 -5.655
38 26.40 -5.655
39 26.77 -6.034
40 26.50 -5.759
41 26.50 -5.759
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Time

(mins) Head above logger (m) Injection Head (m) Comment
42 26.50 -5.759
43 26.50 -5.759
44 25.98 -5.242
45 26.43 -5.69
46 26.43 -5.69
47 26.71 -5.966
48 26.46 -5.724
49 26.29 -5.552
50 26.46 -5.724
51 26.71 -5.966
52 26.91 -6.172
53 26.43 -5.69
54 26.50 -5.759
55 26.84 -6.103
56 26.26 -5.518
57 26.46 -5.724
58 26.46 -5.724
59 26.46 -5.724
60 26.46 5.724
65 26.258 -6.00
70 26.53 -5.793
75 26.46 -5.724
80 26.43 -5.69
85 26.50 -5.759
90 26.57 -5.72
95 26.53 -5.724
100 26.64 -5.897
105 26.57 -5.966
110 26.33 -6.069
115 26.64 -5.724
120 26.53 -5.793
125 26.36 -5.793
130 26.43 -5.897
135 26.43 -5.759
140 26.57 -5.759
145 26.12 -5.828
150 26.53 -5.793
155 26.40 -5.759
160 26.46 -5.793
165 26.81 -5.793
170 26.57 -5.724
175 26.57 -5.828
180 26.57 -6.103
185 26.57 -5.828
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Time

(mins) Head above logger (m)

Injection Head (m)

Comment

190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
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26.67
26.57
26.50
26.46
26.50
26.81
26.43
26.81
26.60
26.53
26.46
26.40
26.26
26.53
26.57
26.71
26.50
26.50
26.91
26.57
26.50
26.53
26.53
20.81
20.67
20.78
20.71
20.78
20.71
20.71
20.71
20.71
20.71
20.71
20.71
20.71

-5.793
-5.828
-5.828
-5.897
-5.759
-6.069
-5.759
-5.586
-5.862
-5.793
-5.724
-5.759
-6.241
-5.97
-5.828
-5.79
-5.759
-5.759
-5.90
-5.828
-5.759
-5.793
-5.793
-0.07
0.068
-0.036
0.033
-0.036
0.033
0.033
0.033
0.033
0.033
0.033
0.033
0.033

Injection stopped

58



Test 3 injection head data

Time
(mins) Head above logger (m) Injection Head (m) Comment
Initial head 20.879
1 29.221 -8.342
2 30.290 -9.411
3 30.290 -9.411
4 30.359 -9.480
5 30.359 -9.480
6 30.807 -9.928
7 30.324 -9.445
8 31.255 -10.376
9 30.945 -10.066
10 30.703 -9.824
11 30.703 -9.824
12 30.910 -10.031
13 30.531 -9.652
14 30.703 -9.824
15 30.703 -9.824
16 30.703 -9.824
17 30.703 -9.824
18 30.703 -9.824
19 30.703 -9.824
20 30.703 -9.824
21 30.600 -9.721
22 30.738 -9.859
23 30.738 -9.859
24 30.290 -9.411
25 30.703 -9.824
26 30.703 -9.824
27 30.772 -9.893
28 30.703 -9.824
29 30.703 -9.824
30 30.703 -9.824
31 30.772 -9.893
32 30.772 -9.893
33 30.876 -9.997
34 30.807 -9.928
35 30.807 -9.928
36 30.807 -9.928
37 30.807 -9.928
38 31.117 -10.238
39 30.772 -9.893
40 30.772 -9.893
41 30.703 -9.824
42 30.703 -9.824
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Time

(mins) Head above logger (m)

Injection Head (m)

Comment

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
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30.600
31.013
30.807
30.703
30.703
30.634
30.772
30.772
31.048
30.772
30.703
31.013
30.669
30.669
31.048
30.910
31.013
30.634
30.703
30.496
30.772
30.772
30.738
30.634
30.807
30.738
30.772
30.841
30.772
30.979
30.910
30.669
31.082
30.841
30.945
30.945
30.945
30.772
30.910
30.979
30.910
30.910
30.910
30.876
30.945

-9.721
-10.134
-9.928
-9.824
-9.824
-9.755
-9.893
-9.893
-10.169
-9.893
-9.824
-10.134
-9.790
-9.790
-10.169
-10.031
-10.134
-9.755
-9.824
-9.617
-9.893
-9.893
-9.859
-9.755
-9.928
-9.859
-9.893
-9.962
-9.893
-10.100
-10.031
-9.790
-10.203
-9.962
-10.066
-10.066
-10.066
-9.893
-10.031
-10.100
-10.031
-10.031
-10.031
-9.997
-10.066
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Time

(mins) Head above logger (m)

Injection Head (m)

Comment

200
205
210
215
220
225
230
235
240
245
250
255
260

31.013
20.707
20.672
20.672
20.672
20.638
20.672
20.638
20.603
20.741
20.672
20.672
20.707

-10.134
0.172
0.207
0.207
0.207
0.241
0.207
0.241
0.276
0.138
0.207
0.207
0.172

Injection Stopped
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Test 4 injection head data

Time
(mins) Head above logger (m)

Injection Head (m)

Comment

Initial head 20.672

1 37.081
2 35.668
3 35.668
4 35.909
5 35.909
6 36.323
7 36.22
8 36.288
9 36.288
10 36.22
11 36.22
12 36.22
13 36.22
14 36.151
15 36.151
16 36.22
17 36.22
18 36.22
19 36.116
20 36.116
21 36.116
22 36.116
23 36.116
24 36.116
25 36.116
26 36.116
27 36.116
28 36.185
29 36.185
30 36.116
31 36.116
32 36.22
33 36.22
34 36.151
35 36.254
36 36.047
37 36.185
38 36.185
39 36.116
40 36.185
41 36.185
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-16.409
-14.996
-14.996
-15.237
-15.237
-15.651
-15.548
-15.616
-15.616
-15.548
-15.548
-15.548
-15.548
-15.479
-15.479
-15.548
-15.548
-15.548
-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.513
-15.513
-15.444
-15.444
-15.548
-15.548
-15.479
-15.582
-15.375
-15.513
-15.513
-15.444
-15.513
-15.513
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Time

(mins) Head above logger (m)

Injection Head (m)

Comment

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
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36.116
36.22
36.116
36.116
36.116
36.116
36.116
36.116
36.116
36.116
36.116
36.185
36.116
36.22
36.22
36.22
36.151
36.151
36.151
36.151
36.151
36.151
36.288
36.288
36.288
36.288
36.288
36.288
36.288
36.288
36.22
36.22
36.22
36.22
36.151
36.288
36.22
36.22
36.151
36.254
36.185
36.185
36.116
36.116

-15.444
-15.548
-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.513
-15.444
-15.548
-15.548
-15.548
-15.479
-15.479
-15.479
-15.479
-15.479
-15.479
-15.616
-15.616
-15.616
-15.616
-15.616
-15.616
-15.616
-15.616
-15.548
-15.548
-15.548
-15.548
-15.479
-15.616
-15.548
-15.548
-15.479
-15.582
-15.513
-15.513
-15.444
-15.444
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Time

(mins) Head above logger (m)

Injection Head (m)

Comment

86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
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36.116
36.116
36.116
36.116
36.116
36.116
36.116
36.185
36.185
36.185
36.185
36.082
36.151
36.151
36.254
36.185
36.185
36.185
36.185
36.185
36.185
36.185
36.185
36.185
36.185
36.185
36.254
36.254
36.254
36.254
36.254
36.254
36.254
36.151
36.22
36.22
36.22
36.151
36.22
36.22
36.22
36.22
36.22
36.22

-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.444
-15.513
-15.513
-15.513
-15.513
-15.41
-15.479
-15.479
-15.582
-15.513
-15.513
-15.513
-15.513
-15.513
-15.513
-15.513
-15.513
-15.513
-15.513
-15.513
-15.582
-15.582
-15.582
-15.582
-15.582
-15.582
-15.582
-15.479
-15.548
-15.548
-15.548
-15.479
-15.548
-15.548
-15.548
-15.548
-15.548
-15.548
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Time

(mins) Head above logger (m)

Injection Head (m)

Comment

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
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36.116
36.185
36.185
36.254
36.254
36.254
36.254
36.254
36.254
36.254
36.254
36.185
36.185
36.254
36.254
36.254
36.254
36.254
36.185
36.254
36.254
36.254
36.254
36.151
36.082
14.883
20.672
20.569
20.569
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5

-15.444
-15.513
-15.513
-15.582
-15.582
-15.582
-15.582
-15.582
-15.582
-15.582
-15.582
-15.513
-15.513
-15.582
-15.582
-15.582
-15.582
-15.582
-15.513
-15.582
-15.582
-15.582
-15.582
-15.479
-15.41
5.789
0
0.103
0.103
0.172
0.172
0.172
0.172
0.172
0.172
0.172
0.172
0.172
0.172
0.172
0.172
0.172
0.172
0.172

Injection Stopped

65



Time

(mins) Head above logger (m)

Injection Head (m)

Comment

174
175
176
177
178
179
180
181
182
183
184
185
186
187

20.5
20.5
20.5
20.5
20.5
20.5
20.431
20.431
20.603
20.431
20.224
20.293
20.293
20.466

0.172
0.172
0.172
0.172
0.172
0.172
0.241
0.241
0.069
0.241
0.448
0.379
0.379
0.206
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APPENDIX 3: GROUNDWATER CHEMISTRY RESULTS (AWQC)

:.- i [P HATELTUU 18 Bl IBLILY HERE IS LIEDE IEUSHALUS |1 AR
I AUsSLFALIAI VY ; l'ﬁlfl,l',.,‘ nronargilon
W LR
FACSIMILE TRANSMISSLOM
: 84636509 Company:
m: Borjana Stazic Mandic Date; 165052008

bject:  AWQC Final Repart for Project "AWQC-
20543" {12/03/2008 - 18/03,/2008)

he inlormation ul.'_‘ul'llai[!l.‘.'d m this facsimile MEEsAEe may b conflidential information and may also ba the :ilu]b[l.',r:t of Icga]_ ':n’l.:-|.'|:$.-L|.'lI'|u|. i} |:|u|:l|.l
ierast nmuniby. ||_'1,'|}'.'. are not the intended recipiant, by ke, disclosure oo COPYIng of the decument 18 unauthorized.

FYQOU HAVE RECEIVED THIS MESSAGE IN ERROR PLEASE TELEPHONE Writer's Phone

lessage:

rear Paul,

ttached is the FINAL report tor review,

SR "108674-2008-CSR-8 - DWLEBC - Paul Magarey - 07/08
roject: "WWQC-20543 - DWLEC - Paul Magarey - 07/08
roject Range: 12/03/2008 - 18/03/2008

egards,
ahn Winter

lease note AWQC Sample Receipt hours are Monday to Friday 8.30am - 4.30pm.

-

Hodgson Read, Bolivar, 5110, South Australia

Phone: +61 1300 653 166
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DWLBC

ATTM: Paul Magarey
Leve 11 25 Grenfell 51
Adelaide

54 5000 ALUSTRALLA

1B/05/2008

Dar Paul
Pleasa ind attached e Final Analytical Repo for

Customer Service Request;  108874-2008-C5R-5
Aeeount: 10887
Project: AWQC-20543 DWLBC - Paul Mapgarey - O7/08

Sample Date Range! 12-Maren-2008 1o 18-March-Z008

Yours sinceraly,

John Winter
Accounl Manager
John Winler@sawaler,com.au
(D&) 8259 0257
AN
MATA
e

WA L) PSS
ACCER DT AT

S i
Waler
LAty
{antre
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FINAL REPORT: 36182

Gq =3
LEny

Analytical Resulis

Customer Sample Dascription
Sampling Paint

Sampla 1

H2308-DWLBE - Warina 1 Obsermation Wal Lini Mumber 7030-008
ZAM4IZ008 1 2:00:00AM

2ANAA008  4:13:04PM

Samplad Data

Sample Recalved Data

Gample D 2008 001 2666
Status Endamsad

Collaction Type

Cusiomsr Collmcied

Bacteriology LOR Result
Irom Bacteria « Heterotrophic TAG0-01 WHWEZ-500
ron Bacteria - Heleroiraphic in 3na dml

Iron Bacteria - Heterotrophic T460-05 WMZ-500
kon Bootorio Miorosoogio oenmination

Misretsepianl examiralicn of Tha sampe did net deast ren
associaled microorganisms

Inorganic Chemistry - Metals LOR Result o o
Calcium TIC-001 W09-023

Callcim 0.1 5450 mol
Iron = Soluble TIC-004 WO3-023

Irar - Sclubda 0.005 06 gl
Iran - Total TIC-004 W09-023

Irar - Tatal [AREILY WG gl
Magnesium TIC-001 W02.023

Magresiom o3 811 g/l
Manganese - Soluble TIC-004 W09-023

hearganess - Scluble .00 0,86 mpJL
Manganese - Total TIC-004 W03-023

Kargarmse - Tolal 00 (.6485 mglL
Potassium TIC-001 W0D2-023

Polassism 1.0 834 mgiL
Sedium Adsorption Ratie W09-023

Sodium Adserpion Ralio - Caleubalicn 474
Sodium TIC-001 W09-023

Sndium 0.5 GRAN mfl
Sulphur TIC-001 Wo3-023

Sulphate 1.5 2220 mplL
Total Hardness as CaGQ3 WOD-023

Todal Hardress as CaC03 2.0 3910 rgl
Inorganic Chemistry - Nulrients LOR Resull
Chloride TO104-02 W093-023

Chioride 4.0 11300 gl
Fluoride WD092-023

Fluarida 0.4a DAB gl

. I'.arpn.ultl Accrediaiion Nz, 1195 Kaisn
0 Gt ol sred Ml opiesl Teating 1. Thas Laan it of o red il withia b5 o dgnilicasl fqure.
it %. Tk dhamuraral i Baaied i asocelae 2 Semzien are anslyaed sn recsbed.

w i BATA'S pocre ko @ eopl iaTesl s

MATA
Y

L P
AdUmlinialiom

L ¥ amtarminaiion of the soampanem is nar povernd iy MATA Szerabitiion

i resubt in out o speslic ding o o raleresae Guideine. Rafer
16 REpat (Dpiny.

& * inediz et Inckimat bores ‘basn secorded a galsst the snmpls, A io Report fosmr

G & Iredieaies e repsl s e olousga o sncs the lest s sporl

T Tows Lkt of o parting |LSOTY | e lowsnrt concaninlion of masl yie which (s

raperind ot The RWOC and | o baess on the LOO musded up 12 8 moes reedly used

walum. T Limit of Quastizdicn |G s the losesn sonasmimios of nsakts for which

quaniksive reaulte may b wkinln p apeclied degras of oo
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E4180100

FINAL REPORT: 36182

Analytical Results

Customar Sample Description Sample 1
Sampling Point S3I08-DWLEC « Warina 1 Obsarvalion Wall Unit Mumber TO30-808
Sampled Date 230452008 12:00:004M
Sample Received Date 2480452008 4:13:04PM
Bamplo 1D 200A-00 - 2655
Status Endarsed
Collection Type Customer Collectad
Mitrate + Nitrite as N T0161-01 WiB-023
Mitrale + Wilrile as M 0.005 <0005 mgll
Organic Chemistry LOR Result
Dissolved Organic Carbon TH158-09 W03-023
Risrmbensd Qrganis Carken 03 20 mgiL
Inorganic Chemistry - Physical LR Resul
Alkalinity Carbonate Bicarbonale and Hydroxide TO1017-01 W08-023
Alkalirity as Caldum Carbonate A53 gl
Blearbanata A3 mgil
Cartanate & mpgil
Hydroida o mglL
Turbidity TOD18-01 W02-023
Turbedity 0.1 .84 WTU
Inorganic Chemistry = Waste Water LOR Resull
Suspended Sollds T0160-01 W02-023
Suspended Solcs 1.0 5 mglL
Gor porine Acer editelon Hed 115 Mo
M% ﬁ:::::ﬁ:::::rﬁ':mw ;.Ihll_lgﬂl:ﬂllhl !Illuk'ﬂ.lh-ll.l whprlis s Nipara
Hﬁ?ﬁ wilh K& 1A mzored lakbon iequiramande. :::u.l..rm..::::r::::p_unnm:::::;r:ﬂm:ihgmm*ﬂm
in Repont daoiter,
%‘%{W 5" Irrlrml nelidam hiasva beses rescedad ngrinsl e sample. Maler o Mepsrt foobe:

ST e . & Indlcaben S renulis e chanped sings i | s
AL DE 1 Mt 7. The Limh of Repoeing (LGA) b the lewest eonzentmbion of ansiyls which is
FepEdtinl al the AWGE and ks besed on the LO0 rounded e io 6 mors randiiy ussd
welum. The Limit of Dusnikewtion (LD ke e lowsel cencsstraiion of anstype for whios
iRl tewulls o be withina dapres ol
PE TEI =
T

& smrine s vl i Prop R Aot ntan; Wiz Dawprertion

Report DWLBC 2009/01
Phase IIb Preliminary Pumping and Injection Trials



FINAL REPORT: 36182

Report Information

866
o6

BEE G o
N O L
€ inimiify
i B s
ERSEaie: U

]

T WO TR
H B D

Project Nama AWDC-20543
Custenug LLDC

CSR_ID 108874-200B-C5R-8
Analytical Results

Customer Sample Description Sampla 2

Sampling Paint
Samplad Date
Sample Received Data

S330B-CAWLBG - Warna 1 Ohsareation Wall Unit Murmber TO30-809
PRNEIANE N0 A

2410412008 4:13:00PM

Sampla ID 2008-001-2644
Status Endorsad
Collection Typa Custamar Colladlad
Bactoriobogy LOR Result
Iran Bacteria - Heterotrophic TAG0-01 WMWZ-500
Iran Baciana - Hateratrophio 10 200 il

Iron Bacteria - Heterotrophic T460-05 WMMZ-500
Irar Basteria - Mcrosapic sgaminatan

Micreseopical examination of the sample did not detect ron
asseciaied microorganisme

Inerganic Chemistry - Metals LOR Result
Calcium TIC-001 WO2-023

Calohim 0.1 542 gl
Iron - Soluble TIC-004 W09-023

Ireat - Soluble [EE K] 0O7s gl
Iren - Total TIG-004 W03-023

Iron = Total onnG mava mgil
Magnesium TIC-007 WO9-023

Flagnesim a3 593 mgll
Manganese - Soluble TIC-004 W03-023

Marganesa - Soluble 0,001 DETE gl
Manganese - Total TIC-004 W05-023

Manganese - Tatal 0,001 oM gl
Potassium TIC-001 W08-023

Palassium 1.0 3.0 mgil
Sodium Adsorption Ratio W09-023

Sadiirm Adaanplish Ratio - Caleulatan 48.0

Sodium TIC-001 W09-023

Sodum 0.5 GAOD FglL
Sulphur TIC-001 YW08-023

Sulphate 15 2150 gL
Total Hardness as CaC03 W02-023

Tolal Hardress as CaG03 20 3800 mgll
Inerganic Chamistry - Nutrienis LOR Result

Geeparaie Accrsdlison Ho 4115 Motew
pﬁg% $Mh|mlnﬂ9—:ﬁb§d Tm-? 1. Thie kst fggar s o e rasah vihon |5 o sigilizen figars.

- B e deurrsend in few |l1n.|.ul‘ :qu: a. e ¥ an

NATA, e 4 indames v s 48 o apaciTidioe seatring e reberenes e, Rle

i S
T
Y
P ——

U G LA VR

1 Fapan deanar.
i. " indicates incdeni hevs bean recomded sgainet ik mamgls, Refer o Aspor fzaisr,
B, & Inallcov e U pimiltn haven Ehianiged elnge th el | /e pery
P The Liredt of Migporisg (LON] is the lewest concsimian =f snalyts whichiis
reporind b the AWOC and b Eemed on the DO reanded up fooa miors readily wesd
walue, The Limii of Craniinwiien JLOC I8 the lowa sl aonsnorst on of pnaivme lar wsdeh
i nte resulbs may e within 3 degroe 2f

Paqe roiE

b ]
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FINAL REPORT: 36162

b6
bod

Fgnirednan
later
{hsmiity

kg

W R TR T

Analytical Results

Customer Sample Description Sampla 2

Sampling Point NA30E-LWWLHA - Wanna 1 Ubsandation Wall Unil Mumibad 1030-809
Sampled Date 2EM04/2008 1:2:00:00.8M

Sample Recelved Date 24/04/2008 4:13:00PM

Sample IR 20080012644

Status Endoraad

Collection Type

Custormar Colleched

Chloride T0104-02 W03-023

Chioride 4.0 11300 mgL

Fluoride W09-023

Flucride i Q.18 mgit

Milrate + Nitrite as N T0161-01 Wo09-023

Mrate + Kitrite as M 0,005 <0.004 mp/lL
Drganic Chemistry LOR Result
Dissalved Organic Carbon T0158-08 W02-023

Dissntverd Crganic Garban 0.3 2.0 mplL
Inarganic Chermistiy - Plivaical LOR Result

Alkalinity Carbonate Bicarbonate and Hydroxide T3101-01 W02-023

Allcalinity as Caldum Carboniate Iuk mgll

Bizarbonate 431 mg'L

Carbarabe 0 mglL

Hydraxde 0 mgi.
Turbidity TeO018-01 'W03-023

Turbidity R 0E1 NTU
Inerganic Chemistry - Waste Water LOR Result
Suspended Solids T0160-01 WOS-023

Suegrerided Solids 14 13 mglL

Corporace Beer sdivion Nz 1115 Koty
,ﬁjﬁh Chamizel i Biologiva | Tasing 1. Tivw last igrare of s ranail vakie i3 3 sgriBioan g

e This dogurseni @ iesigd n astondasce F-] Bra ]

NATA el KA TA'S docee dhian e neTesls,

Yyt

oAbl Ve i
AT T LA

A ¥ deisrminstion of the coempeasnt bs not cosversd By MATA doored Exien,

A * Ingicaies reesdi bx ost of specHicaiicn according to the reference Guideline. Heder
10 AEpedy fonder,

5 * indlcpbis incidan have bees iezorded sgrinel T samp b, Raler o Repat footar.

. & Indicaiss the resuks haws chanped siscs e |7 lnseed repart,

T. Tha Limh of Raperting (LGH)] & the e songentmtion of snafyie whieh s

rapoed ol the AW and s kawed on Lhe LS4 rounded sp bo a mees ey used

wnlus. The Limik ol Jusm ewtion (LDDY i e lowssi concentesilon of anslpie for which

Sunnifsties rewalin moy be withina degres ol

In‘ﬂ:l-clﬂ

G RSN
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Watay
FINAL REPORT: 36182 Csatity

Analytical Results

Custamer Sample Description Sample 3
Sampling Point H3A08-DWLEE - Warina 1 Observalion Wall Unid Number T030-408
Sampled Date 3042008 12:00:00AM
Sample Recelved Date FN4i2008 4:12:58PM
Sampla [0 "2008 001 2645
Status Erclorsed
Collection Type Cusiomar Collected
Bacteriology LOR Result
Iron Bacteria - Heterotrophic TAGD-01 WRZ-500
won Bactaria - Heterotraphic o a0 fmil
Iron Bacteria - Heterotro phic T460-05 WMWE-500
fan Bncterin « Microsaonio coamnation Misfaregical ssdrmiralien of ha sample did nol selesl bor
Associaled microorganisms
Inorganic Ghemistry - Metals LOR Result S
Caleium TIC-001 WO8-023
Calciam 04 836 mo'L
Iron - Suluble TIC-004 WOS-023
Irai - Seduble 0,005 02 mgll
Iran - Total TIC-004 W09-023
Irat - Tokal .00 LM2 AL
Magnesium TIC-001 W03-023
Magnasium 0.3 SBE mll
Manganese - Soluble TIG-004 W0S-023
Manganess . Salublé (.00 0.711 mglL
Manganese - Total TIC-004 W09-023
Manganess - Tatal | 09,708 mgll
Potassium TIC-001 W092-023
Patasaium 1.0 FE.3 mglL
Sodium Adsorption Ratio W09-023
Sadium Adsomption Ratio - Caloulation AT 5
Sodium TIC-001 WO3-023
Saidium L] BEID ol
Sulphur TIG-007 WOD-023
Sulphabe 14 2130 mgiL
Total Hardness as CaCO3 WOS-023
Tolal Hardress as Cal0d 20 AFED mgil
Inerganic Chemistry - Mutrients LOR Result
Chloride T0104-02 W02-023
Charide 19 HAQD gl
Fluoride WOD-023
Flueride ER 1 0.48 mgil
- Corporaie Aorediiation Ho 1715 Fiotss
R Gharel enll mnd Bisiogeenl T wsting 1. Thn ieesn s of the rasul vakis 15 o slgnifapm figeae.
S N, This doarnand in insed In sccomd snce a e e
waith KAT A meeved labon neguiserienis, 1 I [}
NATA - &% naonws w1 34 o spasMIGBion 300 g 10 1 darbne GUITHIm. Raar
'9% g 15 Anpoet loobar.
‘%\.f&ﬁ' 4.7 indicnies Incident have besn recoeded againet the samgle. Reler to Regort faoier.
= 8, & et eates o Fesiits hevn ahened siree e i) e rapsit
O N LA TEa #. The Limit =f Meporiiag (LOA] is the lws st conceniration of snatyle wiich i

reporisd at tae AWDC and bs Eaasd an the LOO rosndsd up o 3 mors readily ssed
walug, The Limi of Cacntion lon [LOCY) I8 P8 | w1 opaoameation of snaiyte for shich
suonttathes reaul s may e obtaked withina o dagres af

G e T e R Enaerni A MR
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Frivuiy

Satambedy

FINAL REPORT: 36182

Analytical Results

Custamear Sampla Dascription
Sampling Point

Sampled [ata

Sample Recelved Date
Sample 1D

Status

Collection Type

Samplke 3

S5908-WLEL - Warina 1 Ubsarvalion Wall Uait Nisnbar TO30-800
FANA2008 12;00:004M

2042008 4:12:58PM

*ZORE-DO-3545

Endorsed

Customer Collectad

Mitrate + Nitrite as N T0464-04 WDHS-D23
Milrata # Mivito as M

Organic Chemistry

Dissolved Organic Carbon TO158-00 W09-023

Diaaolvicd Segaris Garbion

Inerganic Ghemistry - Physical

DA =0.005 g/l
LOR Result

03 1,6 mol
LOR Roesult

Alkalinity Carbonate Bicarbonate and Hyd roxide TOT07-07 Wid-U23

Alkalivity as Calcium Carbonate ind mgll

Bicarbarate 430 mogil

Carbanale ol

Hydromide o mg'l
Turbldity TO018-01 WD2-023

Tuarbidity 01 0T WTU
Inorganic Chemistry - Waste Waler LOR Result
Suspended Solids TO160-01 WO%-023

Suspended Salids 14 12 ma'l

e Corporabs Ao rechintion o, 1118
e Chemical and Miclopcd Tating
A o T dhaoun vl i a2l In pocarin oe
“ATA Wil MATA's pocra-siation requiremenis
T,
S

AL RS s
BEEFENN AT1I06

Hoies

1. Whse b 60 Bgistie ol i et widun |5 n ool Nesen Sgure,

I Surgles ars analyasd s rscebeed,

L & et pneton of tha Somponent I8 mon cowered by NATE &zcredition

& ® iedlapes vl I8 o ed apeaTiesd on s cording o the referescs Guidsine, Reler

1> Mapert oo,
5 * indizaiem |ncickenk Bores: baen secorded ageiset the apmple. Ak 1o Rapan ot
BB Iredieates thie ressdts have ohanged dncs the last bagusd sepori
T_The Lim# of [tepertng O i5 e lowsesl coscaneation ol assyne wivah
raporisd 7 the WIS and in based oo the LOO musded up o pmore eedily used

walus, Tha Limit of Quargistion (LD b the |ossst conzsmirvion of analyie for which
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Analytical Results

Customer Sample Description
Sampling Paoint

Sample 4

O3308.-DWLEC - Warina 1 Observation Wall Unit Numbar T030-B08

Samplad Date 2304008 BA0:00PM
Sample Recaivad Data 24M04IZ008  4:1302PM
Sample 1D PO0B-001 - a6
Status Endorsad
Collaction Typa Customer Collaciad
Baclerlology LOR Result
Iren Bacteria - Heterotrophic TAGN-01 WMZ-500

Irar Bactera - Heberatrophis 10 1200 il

Iron Bacteria - Heterotrophic T4G60-05 WMZ-500

Iran Daciona = Microecopic examinean

Micrassnpnal ssaminatian af the sample $d net detect ron
AsBcciaked micronrganisms

Inerganic Chemistry - Metals LOR Result .
Calcium TIC-001 W02-023
Caleim 01 532 mgiL
Iren - Soluble TIC-004 W02-023
Ire - Soluble 000G 041 mgil
Iron - Total TIC-004 WO9-023
Iron - Total 005 14 mgiL
Magnasium TIC-007 W02-023
Magnesium 03 S84 moll
Manganese - Seluble TIC-004 W00-023
Manganase - Soluble 0.001 06T mgll
Manganese - Total TIC-004 W02-023
Margarase - Total 0.0m 0,707 mpll
Potassium TIG-001 W03-023
PrAassivrm 1.0 758 gl
Sodium Adsorption Ratio W08-023
Sodium Adsorpion Ralie - Caloulation 482
Sodium TIC-001 WO3-H23
Sodium 0.5 D mafl,
Sulphur TIC-001 WOH-023
Sulphate 1.5 10 mgl
Total Hardness as CaC03 W03-023
Total Hardnes= as Caliod 20 Arao mgil
Inarganic Chemistry - Nutrients LOR Result
Chiaride TO104-02 W09-023
Chiaride 4.0 1130 mgl
Fluoride WO3-023
Fluieides PR V] 0.18 mygfL
. Corperaie fccrediiation Ho 1118 M
- fﬁ Zharelcal pnd Ciciogicnl Tealing 1. Tha et i gere of Lhe resuk vk is o0 signeficeng Agere.
m.ﬁ b This gocarnand i lssund | n pocord pnca & Samapies wew a0 oysei e resakeeid
"Aﬂr wilh RAT A accrod lalion requisemente. 1. # dtir el o of tae conposest i nol covened by HATA Acsrednaion,
A4 inibease s iUl b s of speeilaaion sesording 10 e ebaren on G u ki Rty
%\ Mf’ o Nsposi looter.
}%M 5. " Indicoves incldent have besn recorded sgainet ihe xamels. Refer o Report footer.

P B CDOE T
ASEHR DT LA N

8. & ircl vt s Vs £ usi 188 hve s chianpred singe tha lael eemd rapsin
7. The Lireil of Meporiiag (LDA] is the lowest conceniration =f snalyts which i
reporisd pithe AVWEID and |s Eaaed an the L0 sended up 3 mors readby ssed
waliie, The Limiy o Coavavianben JLOCK) I8 tha |orwss it s neration of aniyte lor shizh
rpacandipties regulin moy T o bk withina degras of
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Analytical Results
Customer Sample Description Sampla 4
Sampling Point G3508-DWLEBC - Warina 1 Dbsarvation Well Unit Mumnbar FUS0-HI
Sampled Date 2504/2008  A:30:00PM
Sample Received Date 24104/2008 4:13:02FPM
Gample 1D 2008-401- 2646
Status Endorsad
Collection Type Custemer Collectad
Mitrate + Nitrite as N T0961-01 W08-023
itrade + Hilrite a5 M 0.005 =000 mgll
Organic Chemistry LOR Result
Dissolved Organic Carbon T0158-09 W02-023
Dipaatved Orgenis Goron 0. 1.9 mypl
Inorganic Chemistry - Physical LOR Result
Alkalinity Carbonate Bicarbonate and Hydroxide T04049-01 W08.023
Adialiraty as Saldum Carbonabe 51 mgll
Bicarbonake 432 mg'l
Carbarate 0 mgit
Hydronddi o omgit
Turbidity TO01B-01 WOS-023
Turbridity (e8| 066 WTU
Inerganic Chemistry - Waste Water LOR Result
Suspended Solids TOT60-01 W02-023
Sueperded Solkls 1.0 4 mp'l
Cosijpeiiti Asoredllintion Ko 9115 Hotem
.ﬁ&’%_ Chamical md Biciogienl Tistling 1, The bvat Egure of the resash wplus |8 5 dgndNcam Bgurs,
2 ‘9’3' \“?}_ This documant s ipsued In mxasdesg 1. Zamples are naalyaed an cecebved.
"ATA. with MATA's pecnsd sl on 1 gal iEmeite. ::m:llr:lrl‘h:‘:.lr:‘f:nmmmll neat :m!rld:LHuﬂ‘.:'J. Azcredinion o

% Rmpar loater
£ * indi:ates Issident hiree been reconded apeisst tie s srpde. Aol 1 Repon foarer,
E & Incfizaies the reeslis hows choanged sinca the listbasusd rsport
T, Thes Limit of Rosporting |LOR) 18 ha |owest conceneaiion of malyts mhich s
raparieel o8 Lt BWAGE prd B8 based on thve LOG roussded up w s move nepdily uied
wakam. Tha Limit of Qusstistios L0 is the losest concemmion of asabie for which

quanibstyve rasults ey by miEsin g Wiwed sfgrew ol
Pazgs 040
£ ek} s ek 1 B onath Asseshs Walae lirpesation
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Analytical Results
Custemer Sample Description i |'|¢L.| w
Sampling Paint SIWN-DWLBE - Lock $ Produckion Bom Uil M ambar T030-710
Samplad Date DH0A2008 12:00:004M
Sampla Recaived Data ZH042008 11:03:068M
Gample 10 *A00E-001-2841
Status Endorsad
Colkection Typa Customer Collaciad
Bacteriology LOR Result
Iron Bactaria - Heterotrophic TAG0-01 WME-500
Iron Bacieria - Heteralrophic 10 =10 fml
Iron Bacteria - Heterotrophic T460-05 WMWMZ-500
Iret Basclerin - Mirosoopio osaminafian Mirromenpieal seaminatan of thia sampie dd not detect iron
ApBECiAked microarganisms
Inorganic Chemistry - Metals LOR ) Result
Calcium TIC-001 WOD-023
Calcium o1 583 mglL
Iron - Soluble TIC004 WO8-023
bran - Sohibda 0005 1608 mgll
Iran - Total TIC-004 W08-023
Irar. - Tetal 0005 1.TZF mgiL
Magnesium TIC-001 WO03.023
Kngrasiom na TAB0 gyl
Manganese - Seluble TIC-004 WE8-023
Marganess - Solulie 0.0 0.026 mgiL
Manganese - Total TIC-004 W09-023
Manganess - Tatal oo 0,026 mgil
Potassium TIC-001 W03-023
Patassium 1.0 161 mgiL
Sodium Adsorplion Ratio W09-023
Sodium Adsamplion Ralio - Calculation 548.7
Sodium TIC-001 WO09-023
Sndum 05 A3 mi'L
Sulphur TIC-007 W0a-023
Sulphate 15 E270 gl
Total Hardness as CaCOd WD3-023
Taotal Hardress &s Calod 20 7150 myil
Inorganic Chemistry - Nutrients LOR Result
Ammonia as N T0100-01 W02-023
Ammonia 2 W a0 1.224 mgil
Chlaride TO104-02 W0D-023
Chloride 4.0 15800 mg'L
" Clorporste & corediaion Mo 1148 Hisbirg
e Chnkidl 3w Biodoiesl Tastng 1. Thae last figuew aof B ri ) i e a6 goiBoan Tgire
o o, T desirdinl s besied i sagonbce I REamples are anslpaed ae receied
HAT i RATA'S posee il P TS 5 dterminstion of the gom penent s nes sovered By RETA Accredirion,
&, * | pless esall I8 ot 00 B e WeaTian pE cerdiag 5o The reference Guidsline, Aster
B e 1o Mapert locher.
'@W % v Incdlzpips Incidant bare been cordss agnins e sanple Raler o Reps fo o
i ey B Iredigats the rasults | ave changed sison fe |ast isued ot
ACERIOE | AN T.Tha Lim# of Meporting | L) i the o sl consenbabion of anafle wisioh s
repeceried a1 the AWOST ared ln based cn ihe LOO reundsd g io n meoes resdily usad
wplua, Tha Limis of Qupmieeion (L DD bs te |owsst conceniraiion of annlyte for which
auEaiae el e oy b whthina degres ol
LIT2] 13 ol B
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Analytical Results

Custemer Sample Description 1
Sampling Paint B3308-DWLBL - Lock # Production Bona Unil Nimbar 7030-T10
Samplad Date 28M42008 12:00:004M
Sample Recaived Date 2BM4AR008 11:03:060M
Sample 1D “A00E-001-2641
Siatus Endorsad
Collection Typa Customar Collaciad
Fluoride W02.023
Flucrida 0,10 1.8 gl
Mitrate + Mitrite as N T0161-01 W09-023
Mitrain + Hilnie as W 1,005 <0005 gL
Mitrogen - Total W0S-023
hitrogen . Tetal 005 0,22 moll
Phespherus - Filterable Reactive as P TO108-01 W08-023
Pheaphiongs - Fillerable Reactive as P a0 0.050 mgil
Phospherus - Tatal TO108-01 WOS-023
Phesphomns - Tobal ClIcs 0,058 mgiL
TKNM as N T0112-01 Wi9-023
TN a1 Ml 0,05 018 miL
Crrganic Chemistry LOR Result
Dissolved Organic Carbon TO156-08 W09-D23
Dissoived Organic Catbon (ki | 0F ma'l
Inorganic Chemistry - Physical LOR Resull

Alkalinity Carbonate Bicarbonate and Hydroxide T0O101-01 Woa-023

Bllealirity as Calciom Carbonate 248 mgiL
Bicarbanals A gl
Carkanale T o'l
FHy dromide o gl
Turbidity TOD18-01 W02-D23
Turbsickty a1 i MTU
Inerganic Chemistry - Waste Water LOR Result
Suspended Solids TO160-01 WO%-023
Susperded Salids 14 10 mgh
Volatile Suspended Solids W09-023
WVolalle Suspendad Solids 1 2 mpiL
Caonpompbs Accredivion MNo. 1145 Hates
'ﬁ%%@ CEarriapl and Riclopcal Testing 1. Thes last Tegur & &1 thi ficesd) vidus |5 5 o el ens Bgure,
e T damieaennl s ke i pecadance 7. Spmsl malyasd A recebied.
MATA vl BATA'S pooes ditaion r eruirmmanle. & N alenaiminEion of e oam ponem |8 sat gowersd by NATS Azcraditaion
& ® |diapies reauh 18 ol of apeclication pceording o Bae relsrsncs Guideling, Refsr
L 1 Mapatt pelar.
i 5 * inaflzaiem s kdsat horew basn cecorded apeiast e sampie. febar 1o Rapa . o

Pridfvaad NiLal s
AGEFEDT A0

A B Indieanes the rasedis have ohosged dnos the last fasuesd meori

7. The Limi® of Maperbing | LS is Lhe lowel eosesieellon ol andyia wisah s
repzaed m ihe APAOC nad In bassd oo the LOD rounsded up io s oo reedily used
wplise, Tha Limie of Quarsiacion [LD3 & the lowest conceniration of anabyie I whichs
anpnRaiee remalts avg Bes pisinined wRhin & specBied degres of confidence.

Fage 11 ol &
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Analytical Results

Customar Sample Deseription T

3300-DWLEC - Lock & Produstion Bara Unll Numbar T030-710
260472008 12:00:004M

2RDA2008 11:02:57AM

Sampling Point
Sampled Date
Sample Received Date

Sample | *E000=D07-204E

Status Endomed
Customes Collected

Caollection Type

Bacteriology LOR Result
Iron Bagtoria - Hataretrephic T480-01 WWZ-S00
bron Bactena - Heteroiraphic 0 =10 JmlL

Iran Bacterla - Heterotrophic T480-05 WMZ-500
Iy Bogtis - Micoosoopic scaninaion

Miormoopoal osomenatian af the samphs §d ral datect iren
amsncialed microanganiEms

Inerganic Chemistry - Metals LOR Result
Caleivm TIG-001 WO9-023

Calehm 0.4 584 mgiL
IFei - Soluble TIC-004 Wo2-023

Iron - Solble DADs 1718wl
Iron - Total TIC-004 W02-023

¥on - Total b.00n 1758 mgfl
Magnesium TIC-001 W02-023

Magresium 3 1380 gl
Manganese - Seluble TIC-004 W0B-023

Mangarmse - Soluble 01,001 0.028 mpl
Manganese - Total TIC-004 W09-023

Margarese - Tatal {100 0.027 il
Potassium TIC-001 Wo2-023

Prolassium 1.0 162 mgi
Sodium Adsorption Ratio W02-023

Sodium Adsorplion Ratie - Caloulation 578
Sodium TIC-001 W02-023

Sadium 0.5 11300 mgil
Sulphur TIC-D01 W09-023

Sulphats 15 BA30 gL
Total Hardness as CaG03 WO02-023

Tatad Hardress as Cal03 20 T210 gl
Inerganic Chemistry - Nutrients LOR Result
Ammonia as N TO100-01 W02-023

Amimeria as M 0005 4217 mai
Chloride TO104-02 W09-023

Chlcride AD AP mgll

Gorpoiabe Asef lbilan M 1115

b"'% Chemiz sl ard Biclopieal Tasting
A e This dacumendin msusd n eccondance:

H.ATA el A TA' mecra il r g riTeel .

S
i
LR PRI
AELFHELCLA I

Haiex

1, Ths Laat Tigurs of S res ult walue b 8 sgnificant Bgure

2. Spmplow ane an sl sed b6 D el

3 & deiermination of the compenent i nst covered by MATA Azcradidion

4 ® indizpien rendi bn oot ol speclicaion peosndieg b v Feleraras Gulielng, Refe
¥ REpst Fockar,

B * ewibe iy Do e ) e Dieee respnded 3 anet s sample. Aedsr io Repart feciee.

i K Incdicaiss the results h sve changsd since fas et iesusd reporl

7. Tive Rt of Repossing (L0697 bs the lasssat conzemimtion ol and yie which (s

rapoeted il tha AWGE and s basad om e L3O reuned ug io p mors reasdly uosd

wenlua. Tha Lim# of Sunmibstion (LOG] b the lowes] esneesdralien of anslpte o whioh

ausnikairen ol ls rorp b obbained within i apeeibed e e of aonids

ATHE RRWMR R
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Analytical Results
Customer Sample Description 3
Sampling Point 43309-0WLES - Lock & Production Bore UnH Mumbar #050- 10
Sampled Date 260472008 12:00:004M
Sample Received Date FAD42008 11:02:57AM
Sample 1D *200R-001-2612
Status Endorsed
Collection Type Cusiomes Collacted
Fluoride WO0B-023
Fluoride 0.0 1.9 mgl
Mitrabe = Nitrite as N TO161-01 YW02-023
Mirate + Miriba as M 000G <{1.00% mgiL
Mitrogen - Total WOS-023
Mitrager - Tatal 0.05 024 gl
Phosphorus - Fillerable Reactive as P TO108-01 WD-023
Phosphanis - Filerabla Reacive as F 0.0085 0050 mpll
Fhosphorus - Total TO108-01 WOR-023
Phosprars - Total 0,008 0.062 mylL
TKM as K TO112-01 W09-023
TEMN 2z Miregen e}l 0.24 maik
Organic Chemistry LOR Result
Dissolved Organic Garban TO158-09 W02-023
Cisenhend Crganic Garbon a3 8 mpl
Inorganic Chemistry - Physical LOR Result

Alkalinity Carbonate Bicarbonate and Hydroxide TO101-04 Woa-023

Mhalinity &= Calgum Cafbonate 246 mglL
Bicarbonate 300 mglL
Carborate 0 mgiL
Hydroxde: 0 mpiL
Turbidity T0O018-01 W02-023
Turkidity o1 @3 NTU
Inorganic Chemistry - Waste Water LOR Result
Suspended Solids T0160-01 WO08-023
Suspended Solids 1.0 & mglL
Volatile Suspended Solids W09-023
Walalile Susparded Salids 1 Z mgll
- Ceor e e bicer sdiiaiion Mo 1413 Mot
;ﬁﬁm Chamicid and Biodsgiap] Testing 1. Thin Ioewt Agare of the ranuk vakus (51 signiScant Nigars.
o i Thin docarmmsl is lsvanl i aceoidane 3. Baeaplis pen enilysad i —
Ih KA TE s ases e labon iequrenienis, A ¥ deter I'tam Retien.
N.ﬁ.'!'.ﬁ - e ' 4.~ indicaten mu:hm.tul“:thh::‘:::;:::rb";:?z;?u;l::-‘ﬂlm Rchar
-% = o Aepon S,
5--':’5” 5. % Inuleonas ol dem have bsss res el againgn e cample, Refer io Repoe Saoer,

E - e 8. & Indicten fhs results hoees chanpsd sincs ihe [nt e rmpart.

WD AN 7. Thi Lint of Aegeniag (L] b the lzwsat consenirtian of anatyiswalch b
tepEstlad pLERE AVNTIE andl b baand on the L0 pounibed o 0 3 more rensly seed
wnlus. The Limil of G Ration QLOG) b T ol ooneants sl o of syt Bor sidah
epaiwetd e reRulle iy b oD ned within a spaciied degres of seafidense,

o 3 ot 4
N E RS SR A ERRE TR T PO ST P S o E R A Rl T Y
Report DWLBC 2009/01

Phase IIb Preliminary Pumping and Injection Trials

80



gata0on

e En T RO T 8 BE

B HYED Flawe 64

FINAL REPORT: 36182

Analytical Results

Customar Sample Description B ey

$3A00-DWLEC - Lock B Production Bora Unit Mumber FULU=/10
2610472008 12:00:004M

24008 11:02:430M

Sampling Paint
Sampled Date
Sample Received Date

Sampla 1D “2006-007-2613
Status Endorsed
Gollaction Type Customer Collactad
Bacteriology LOR Result
Iren Bacterla - Heterodraphic T4&0-01 WMZ-500
Irar Bactoria - Hetarotrophic 0 =10 fml

Iren Bacteria - Heterotrophic T460-05 WMZ-500
Iron Decierin « Micraacapio cxaminator

Migroscopcal gxamination of the campls did net dsdact iron
associated Microorganisme

Imorganic Chemistry - Metals LOR Result
Calcium TIC-001 WO2-023

Caleiun 0.1 488 il
[ron - Soluble TIC-004 W0S-023

Iran - Solubla 0,004 1.7 gl
Iren - Total TIC-004 WO09-023

Iran - Totml oL 1.4/90 mgil
Magnesium TIC-001 W02-023

Magresium 0a 1350 mgfl
Manganese - Seluble TIC-004 W0D-023

Marganase - Solulble 0.0 0028 gl
Manganese - Total TIC-004 W09-023

Manganesa - Tatal (W[} ] DO2& gl
Potassium TIC-001 Wo9-023

Patassium 1.0 161 mpglL
Sodium Adsorption Ratio W02-023

Sodum Adsamption Ratio - Caloulation BA2
Sodium TIC-001 W02-023

Sedium HE} 11800 gl
Sulphur TIC-D01 W09-023

Sidphatn 1.5 G240 mpil
Tolal Hardness as CaGO3 W02-023

Tetal Hardress 2= CaC03 20 T1A0 gL
Inarganic Chemistry - Mutrients LOR Result
Ammania as N TO100-01 WoO2-023

arnmris s N 0.ons D2E mgil
Chloride TO104-02 W02-023

Chlarida a0 A moll

Corpainke Aeek alMathen Me 1116 Htmn
"V:‘ ‘ﬁ"% Elrn.:lnj "ululuugglllnur:: 1:l Toe |pan 1 praves of ik rl\llllk HIJI!IJ nignificant Nigura.

MNATSA CrmmEm—— b e ot o m ot e bR

.%\ ..&;w.
L

L A
el MW D o W

o Aepoe faneer,

8. * Insfeates melilam have been resceded againes the sarepls, Reler o Repon laor,
8. & InZicaban the results hoves chenged since e lasl iswoed rapait.

7. The Limit of Regoring (LORA| Is the lowset concentrtian f snalyts which i
wupiital o ke AWTID anel b beaed on the L0 seended wn o0 mors seadiby ssed
wnlur. TheLimil of GavmniRartien [LEOG) s T i il coneamiaion of st e ssioh
rpavtitptien Pes s oy e o DBk withia 3 apeciflad degres of cosfidence.
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Analytical Results

Customer Sample Description
Sampling Paint

Sam pled Date

Sam ple Recaived Data
Sample 1D

Stetus

Collection Type

]

B30 DWLEC - Lock £ Production Homa Unit Mumber f030-710
M40 12:00:00AM

2EMAZ008 11:02:430M

“2008-001-2643

Endorsad

Customer Collaciad

Fluoride WOR-023

Flucride 2,10 1.8 mpiL
Mitrate + Nitrite as M TO161-01 W0B-023

Mhitrale + Nilrite as M 0.005 =0U0E mgil
Mitrogen - Total W02-023

Mdrager - Tolal LS 0.22 mgiL
Phosphorus - Filterable Reactive as P T0108-01 W03-023

Phrsphonis « Fibarable Rescive as P 0o0s 0.042 mgil
Fhoaphorus - Total THOE-01 WOR-023

Phospnonis - Total [eEi[nL] 058 ol
TKN as N T0112-01 W02-023

TEM a5 NHragen 0.04 DED ol
Organic Chemistry LOR Resull
Dissolved Organic Carbon TO156-09 W08-023

Dieacdwad Organic Carbon 03 0.6 mg'L
Inorganic GChemistry - Physical LOR Result

Alkalinity Carbonate Bicarbonate and Hydroxide T0901-01 W03-023

Alkalirity as Caldum Calonaba i mgiL
Bicarbanaba A0 mgill
Carbanale o gl
Hydrovide: o mgil
Turbidity TO018-01 WOH-023

Turbidity 1 T8 NTL
Inerganie Chemlstry - Waste Water LOR Resull
Suspended Solids TO160-01 W00-023

Siuspended Solids 1.4 17 mglL
Volatile Suspended Solids WO%-023

Volalile Suspanded Salics 1 3 mpill

Corpmirts Arermdiaiizn Mo 418 Halirs

. Chemited v Blogioal Tessing
.w’c"& h- This degarienl & ke in apdordasce

NATA wiln KATA s aageed brban iequinnasls,
"%-Wﬁ

et it s
AR ORI R

1. Thes laat ligurs of T et wniue g sgnifcant ligee
I Bremmles pre anshyeed s e ved,
2 Fdelermination of Lhe companint is net eoveied by MATA Sresdnnken.
& * rdbanbics fnmal] b ot ol Spesi e v i teferange Gakeline, Fetsr

I e port locter,
& "indicpies Incident have besn recordsd againei fas sample. aler o @eport locter.
B & indicetas the resufs hevs chinged slsce U | | s apo
T. The Limit of Reporting [LOMA] ks the st conzentmtion ol snabyle witich i
repreried i the AW and s bamed on ihe LOG rounded sp o o more readily used
wplim, Thi Ll of Suamiieviion (LOG B s lowe  ssnesntestion of snayte farshich
mapr Bt sl o e oby e within 2 8 pecilked degres af

F‘“ 15 i
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Analytical Results

Customer Sample Description
Sampling Point

10 ot
53309-DWLBE - Lack & Production Bora Unil Numbar 7030-T10

Sampled Date 26/0412008 12:00:004M
Sampla Recoived Date ZBMAZ008 11024500
Smmple 1D *2008-001-7646
Status Endorsad
Collection Type Customer Collactad
Bactericlogy LOR Result
Iron Basteria - Heterotrophic T460-01 WMZ-500

Irar Baclaria - Hetarotrophic 0 <10 L

Iren Bacteria - Heterotrophic T460-05 WMZ-500
Iri Bailirin - ML copic examination

Miorosoopisal neaminatian of e eamgle &d net detect iron
assocalod microorganisms

Inorganic Chemistry - Metals LOR Result )
Calcium TIS-007 WH9-023

Cabeitim 1 SA0 gl

Iran - Saluble TIC-004 W09-023

Irer - Solubin 0.005 1,730 mglL

Iran - Total TIC-004 W09-023

Iron - Total G004 1811 mgll

Magnesium TIC-001 WOD-023

Mlagnesium 0.3 1380 mg'l

Manganese - Soluble TIG-004 WO-023

Manganesn - Salubls 000 0Oza mgil

Manganese - Total TIC-004 W0S-023

Manganase - Tedal 0.001 D.oza rgll

Potassium TIC-001 W09-023

Potassiurm 14 161 mgll

Sedlum Adsorption Ratic W09-023

Sodium Adsorpdon Rata - Galculalion aF G

Sodium TIC-001 W03-023

Sodium 0.5 11200 mgiL

Sulphur TIC-001 WO2-023

Sulphata 15 B300 mgil

Total Hardness as CaGO3 W09-023

Total Hardness as CaC0G 2.0 TABD il
Inerganic Chemistry - Mutrients LOR Resull

Ammenia as N TO100-01 WD3-023

Armoria as N 0.005 0,228 mgll

Chiloride T0104-02 W02-023

Chionide 4.0 17400 mglL

Coperane Aoared intion, Ho 4115 Holes
_-&ﬁ'k Charmical and Bisl pglenl Testing 1. The lant figure of the tesel value |6 p s geifieam Bgars.
F :?3' \”%_ .:‘:'Il drevrmerd | w i sniid | n eoeslinss I Sprplag are amalyasd e recehied
1 R T A e il it 1 el FETY 3 rmenation AP e Ll rediintion
HATA. et 1\1“ rllmhﬂh":n &l p: -'""ﬂ“'r:c.‘::;::.';.ﬂfq‘:‘.u‘: Gnluunn-. Realer
@ i = Rapart Incie.
%w’ B * indiopies Inaiceat hoves- s pn recarded apainss the sample. Meler to e par iooler.

T

L r
A CHRDIATIN e

B K Indicates the rewelts have csasged dnea the lnstissoed repon

T, Thia Limi of Reperiing [LOWE (s ha lowsst concantralion of asel v whish is
Faprel o1 1he AWDS wad (o hassd o ths LOG rousded up o & mors reed iy uses
el Thea Limon of Guseaiation |LOD & die losees congem rvfion of anabyis e whics
aupnlBalia irEells ey e cned wihin § spes Bed Ssgres of conlidencs.

pﬂﬂ 10 ol 40
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Analytical Results

Customar Sample Description 10
Sampling Polnt BASM-DWLEE - Lock B Produciion Bora Unit Number AUE0-/10
Sampled Date 2EMAIOTE 1200004
Sample Receivad Date 2BMAT00E 11024500
Bample 1D "A00E-001-2648
Slatus Endorsad
Collaction Type Cuslomar Collaciad
Fluoride W08-023
Flurica 1,10 18 mplL
Mitrate + Nitrite as M TO161-01 W02-023
Hitraka = Mtz 2= N 0,005 =0005 mgil
Mitroegen - Tetal W08-023
Hitrogen - Tobl .05 030 gl
Phaspharus - Filterable Reactive as P TO108-01 W08-023
Prasperus - Fileranle Reaclive as P 0005 0.045 mplL
Phosphorus - Total TO109-01 W0L-022
Phasphorus - Talal QDS W06 el
TKN as N T0112-01 W09-023
TEM = MESE o 0.0a 028 moil
Organic Chemistry LOR Result
Dissolved Organic Carbon T0158-00 W00-023
Dissaved Crganic Carban L3 0 mpil
Inogganic Chemistry - Physical LOR Result
Alkalinity Carbonate Bicarbonate and Hydroxide T0101-01 W08-023
Abcabnity as Caldum Carbonale 246 mgll
Bicarbenale 300 mgll
Carbonale a mgfl
Hyrdradele 0 mg'L
Turbidity T0O018-01 W09-023
Turldity iR | 81 MTU
inorganic Chemisiry - Waste Watoer LOR Result
Suspended Solids T0160-01 W09-023
Susperdad Selids 1.0 & mplL
Volatile Suspended Solids W02-023
Walatile Suspanded Salids 1 2 gl
Corparmts Scereditalion Mo i 018 Pt
__”ﬁ,:ﬁ& Chwmica and Moicgical Teeting A Town Inak Aprars of it resuk value (v o wgnilicent ligare.
S AT A  WINRATAY nooesiten easrenens 8 tnacminai o1 tha icmpomdatis ot cevaradsy KATA Absrathaion
MNATA ' . Inehotes e s ot e neition acc g 11 rdlvarzs Ouirale, Radsr
. o@g:&" o Aepoet Ractar,
- W{ & "indicanes ncidens have been reaoeded H,‘Iqll (L2 unplﬂ Fealer in Repor fooger,
T 4. & Indicnba s the results hevs chanped since Ihe Inei | ssewd report

ACLEFENC]AITG™ 7. TheLimli of Reporting (L DA| Gs the lowest concenirtian of analyis which s

seponad he AWDID 30 b Based on the LOG sounded ap o 3 more reasly ssed
wrlun. The Limi of Guoriatien LOO) s T lowesl concanteetion of an syt Bar shich
rpavreitptien resulls oy e o bakned within o spaciiled degres of eosiidenee.
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Analytical Results

Customer Sample Description 15 hWES

93309-0WWLBC - Lock 6 Praduction Bors Ln® Number 7030-710

Sampling Point

Sanplad Date 260412008 12000040
Sample Received Date 2BMI2008 11:02:235M
Smnply 1D "E00E-001 - 2640

Stalus Endarsad

Collection Type

Custamar Collectad

Bacteriology LOR Result
iren Bactaria - Heterotrophic T460-09 WMZ-R00
Irert Bacieria - Heterodrophic 10 <10 ik

Iron Bacteria - Heterotrophic T460-05 WMZ-500
Iroin Dacieria « Microacopis axmminalion

Micrescegisal exaniralicn of he sample did nol detect iron
nssaciaied microorgarisms

Inorganic Chemistry - Metals LOR Result g
Calcium TIC-001 W09-023

Caldiurn oA 581 mgll
Iran - Soluble TIC-004 W09-023

Irar « Soluble 0.005 1,816 mplL
Iron - Total TIC-004 W059-023

Irar - Tabal 0.005 1853 mgllL
Magnesium TIG-001 WO2-023

Magresiom 0.3 1370 mgll
Manganese - Solubbe TIC-004 W0S-D23

Marganeas - Soluble oo 030 mgil
Manganese - Total TIC-004 W09-023

Marganess - Total ] (030 mgil,
Potassium TIC-001 W02-023

Palassium 1.0 16% mo'L
Sodiurn Adsorption Ratio W08-023

Eardium Adsamplion Ratio « Calculifion &80
Sodium TIC-001 WO9-023

Sndum LE] 11400 gl
Sulphur TIC-001 WO00-023

Sulphate 1.5 G210 gL
Total Hardness as CaC03 W092-023

Takal Hardress as Cal03 Zr Toan mgll
Inorganic Chemistry - Nutrients LOR Result
Ammonia as N TO100-01 W02-023

Amireania as M Ll 0218 mgil
Chloride T0104-02 W02-023

Chloride 4.0 18900 mgiL

o Conporats Aczredirion Mo 1118
- Chemical and Niclogical Testing
= i Tris dogumieni|s isied i aecordance

HAT.“. I MATTAS peoorne (i r RNl S
'{%. &5«-&’.
i
"‘%?‘@
AR e
AGGEEINATION

Hbira

1. Thes lask ligurs of fae resnit woius i o significant igee

2 Bevples pre analyeed s e s e,

3 Kduisrmination of the companent s not covared by MATA Azcradtation.

& P o emsanll b ot o ¥ g % Y rafuranze Gadebae, B
ic Meport Focker,

B " isadlaptes insldeng have been moorded sgMne the sanple. Reter io Repors fuober

B K Irddiceins the rasu®s heve changed snce e et ssusd reporl.

T. This Limi: of Reparzing [LOF] I ihe losant conssmimndon of amiyie which s

PP 1 e AWET A B based onhie LOG reurnied up i n s re iy ussd

sl Tha Lim# of Saambatian (LOG & the |ewe esneestraion of anslyle for sk

AR ERE Pes el o e ot nEd within o spaeiied da gres of sonfisenos,
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Analytical Results
Custemer Sample Description
Sampling Polnt BABNE-OWLEL - Lock B Production Bera Unit Numbear F030-710
Sampled Date PEMAI00E 12:00:004M
Sampla Received Date 2R04M2008 11:02:334M
Bample 10 "A00E-001-2648
Status E ndorsed
Callection Typa Customar Collaciad
Flueride WiH-023
Flurride: 0,10 1.8 mgl
Mitrate + Nitrite as N T0161-01 W09-023
Fitraie + Hilfle as W 0.005 <0005 mgil
Nitrogen - Total W09-023
Fiirogen - Total nos 0.2 mgiL
Phosphorus - Filterable Reactive as P TO108-01 W03-023
Fhosphorus - Fillorable Readive as P 000 0.0683 mgil
Phosphorus - Toetal TA109-01 W02-023
Fhesghons - Tt DS OEZ gl
TKMN as N T0112-01 WoS-023
TN HE Milrag 0.0 1% mo'l
Crganic Chemisiry LOR Result
Dissohed Organic Carbon TO158-09 W09-023
Dissolved Crgaric Garbon 03 0.8 mpil
Inorganic Chemistry - Physical LOR Result
Alkalinity Garbonate Bicarbonate and Hydroxide TO101-07 W03-023
Alkalinity as Calcium Carbanale 206 mgiL
Bicarbardabs a0 mgil
Carionate a mg'l
Hydroeica a m'l
Turbidity TO018-01 W0S-023
Turkicity o1 H.58 WNTU
Imarganic Chemistry - Waste Water LOR Result
Euspended Solids TO160-01 W09-023
Suapended Solds 1.0 T gl
Vaolatile Suspended Sclids W09-D23
‘olatle Suspended Solids 1 Z mgiL
Corperate Accred Inlon He 1115 TEN
- Therelcal sne Biizicgizal Tewting L. The frat Agora o the eesik vales 5 e slpailicen Agore.
T AT il NATAY accrd o rtarmrte 18 tatwrumsivn ¢110a notegraent  act azvired by NATA Mt
"ATA -':* Indhertas PRl b hﬂﬁl"::iﬂlhl‘diﬂ pesirdng 1o the refaieaos ulteing. Raler
.%b. m-'&‘ o Aspor leoter.
Ut 5. " Indicwes incideni hawe besn recorded H'.lhlllhl sarmple. Refer sz Report foater,
. £ & Inchcates T8 resulls heve w changed since the lasl | ssued repord
‘L.ﬁh:;::::;;: 7. The Lirmii of Asgoriisg (LOA] s tha lowest concesiraticn of mnelybes which s

eEated st ihe AWOEC snd §e boeed on thes LDS roundsd up fe 3 moe s readily unsd
wabiaw, Thie Livel oo Cluasathmnion LS e tve awenen 8o mm ol os of asakme Toe which
e e resulLs may be omnalned mihis 3 speotied degree of conlidnncs

Fage 16 gl 40

]
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Analytical Results
Customer Sample Description 20 bhours
Sampling Paint GAA0G-DWLEES - Lock & Praduction Bare Unil Mumber TO30-710
Sampled Date 26MAZ008 12:00:00AM
Sample Received Data 2RO4E008 1 1:02:594M
Sampla D “2008-001-2650
Stalus Endorsad
Collaction Typea Cusiamer Collactad
Bacteria IUE.' LOR Result
Iron Bacteria - Heterotraphic T460-01 WMZ-500
Irar Baclana - Hetaratrophic 0 =10 fmL
Iren Bacteria - Heterotrophic T460-05 WMZ-500
Iron Omciorin « Microaoapic exarminoton Misrasapical axaminatan of the sample d&d not detectiron
assooiaked microorganisms
Inorganic Chemisiry - Metals LOR Result
Calcium TIC-001 W02-023
Caleiuim a1 581 mgiL
Iran - Soluble TIC-004 WO3-023
Wan - Solbla 0.005 1777 mgill
Iran - Total TIC-004 WO0B-023
iran - Tatal 0,005 1044 mgil
Magnesium TIC-001 W09-023
Kagresium oA 1380 gyl
Manganese - Scluble TIC-004 W09-023
Margarase - Soluble 0.0m 0.1 mplL
Manganese - Total TIC-004 W02-023
KMargarese « Tolal (100 0.031 L
Potassium TIG-001 W02-023
Polazaium 1.r 1E1 mgil
Sodium Adsorption Ratio W09-023
Sodium sdsorplion Ralie - Catoulation 585
Sodium TIC-001 WD2-023
Sadium 0.5 114900 mgil
Sulphur TIC-001 W09-023
Sulphats 15 B0 mgil
Total Hardness as CaCO3 W03-023
Total Hardness as Calla &0 MEd mgll
Inarganic Chemistry - Nutrients LOR Result
Ammonia as M TO100-01 W02-023
Arrrmania as B 0.005 0218 ma/l
Chiloride TO104-02 W02-023
Chionde 4.0 18100 mgil
Corperals Acerasite o Ho 1115 Moea
i Oherelenl snd Biziogicnl Tealing A T bt Sgir o ol vhe Fessil visles & & 8o Ton s Rgors.
,\}'39 %,5_ This docarmant e lesued In xosdance 1. Samples are nalyaed am recakbeed
MAT, e = o Bris AR oA o SpveiTA I SoReh AN i e 1o e GUMMAT. R
o o Foigan 11 e 6r.
% __-:@3 F? & * indicaiss incident hres Esan recomded sgainst the sampl s, Bl % fapon leoler,
B, & dachavies th peslin hoves changsd sines the baet issusd report
ﬁa‘ﬁmrﬂ:&}'r 7. Tha Lirdv of Reponiag {LOR] |5 e lowvee @ onastra b o snelyos s ok is

reporied ptihe AATC and i besed on e LD rownded up 88 moes madiy wied
waikse. This Liredi of Quanifisilen [LOG] |n ihe lowest coscanint on of makfs fzr which

guanityive results may be within s degras o
Paedu i
2 B L ATROK A N T SEnfe Aegene phat YA Lorpes sRon:
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Analytical Results

Customer Sampla Description
Sampling Point

Sampled Date

Sample Recelved Date
Sample 10

Status

Collection Type

20

WIAM-UWLBL - Lock B Froducton Bore Uné Mumbar /U30-0 10
2BM4/2008 12:00:00AM

28/M04/2008 11:02:59AM

“ 000001 - 2550

Endoraad

Custaomar Colleciad

Fluoride W08-023

Flueride AL 1.8 mgl
Mitrate + Nitrite as N T0O161-01 Woa-023

hifraie + Mitrde as M 0.005 =005 mg'l
Mitrogen - Total W0%-023

higronen - Tofal 0% 0.2 mgiL
Phospherus - Filterable Reactive as P TO108-01 W02-023

Phosphones « Filierable Reactive as P n.0ns 0.054 mglL
Phespherus - Tetal TO102-01 W02-023

Fhosphonss - Tatal 005 0.087 gl
TKMN as N T0112-01 Wo9-023

THM e Mitogen D0 016 moil
Organic Chemistry LOR Result

Dissolved Organic Carbon T0158-09 W09-023

Disgalved Crganic Carban 0.3 07 gl
Inarganic Chemistry - Physical LOR Result

Alkalinity Carbonate Bicarbonate and Hydroxide T0101-01 WO02-023

Allcalinky a8 Caldum Carbonais 246 moll

Becarbonate 300 mg'l

Carbarata 0 mgiL

Hydraxidie b mgiL
Turbidity T0018-01 WO9-023

Turhidily A B NTU
Inerganic Chemistry - Waste Water LOR Result
Suspended Solids TO160-01 WOS-023

Susperded Salids 1.0 8 mgil
Volatile Suspended Solids W09-023

Wolalle Suspended Solids 1 2 mgiL

Coaperale Agorad indon Ko 1118 e
J”ﬁ-&, harel pal i Beolpgldenl T ing . The it § girs of the swseai vales i o sipailicem Sgure.
i This dexasmien |6 [saued | n maosdsres 1.5 STET S y an d
"AT il AT A @ orid Lad i i gl iEreniti 0, 9 diwter rrdrariinn 0 Ve o DeeponE i I mol eoverad by HATA Accresiinlion,
A, * il resul is o of specilni o sosording o the relanenes © uiseli . Rafer
B, i 1 Fipar fzater.
Y g 1. " indicaten incident hevws Esen racorded againet the asmpls, Refer o Repor faoter,
i £ i E. & Inalcies i ficimilis Bwwe chinged dnce the bastles sed report.

RGN IS0 3. The Lirnit of il rting (LI in fis lowest concesiriizn of snalys sbich i
reporied sthe AN and le bvaed on e L3 rmended up o 2 mors readly ssed
waliie, T Lired) of Qoasstiog pa DG |8 tha | ewaal s o minton of st b wiieh
s e reRuins may b alnaieed withis & speolid degres of il

Psgs 31 of 43
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Analytical Results
Customer Sample Description

an hears

Sampling Polnt B3300-DWLBL - Lock B Produchon Bore Lind Numbar 2030-710
Samplad Date 26/04/2008 12:00:00AM
Sample Recaived Date 2B04/2008 11:02:4888
Bumple 1D *E00A-001-2651
Status Endorsad
Callection Typa Custamar Collected
Baclericlogy LOR Result
Iren Racteria - Heterotrophlc T460-01 WMZ-500
Iren Baoienia - Heterolrophic 10 <10 Ml

Iren Bacteria - Heterotrophic T460-05 WMZ-500

Iren Bislerin - Miorasooplo oknmination

Micrescepical sxsmination of the sample did not dedect an
associdled e eoFGANamE

Phase IIb Preliminary Pumping and Injection Trials

Inorganic Chemistry - Metals. LOR Resull
Calcium TIC-001 WO0D-023
Calcium o1 STB mgll
Iron - Soluble TIC-004 WOS=023
bron = Soluble 0.005 1078 gl
Iran - Total TIC-004 WO09-023
lran - Talal UL 1850 ML
Magnesium TIC-001 W02-023
Magrasiem 03 1350 mpll
Manganese - Soluble TIC-004 WO09-023
Marganess - Scluble oo 0.032 mal
Marganese - Tatal TIC-004 W02-023
Marganean - Talal (KRR | 0032 mgil
Potassium TIC-001 Wi9-023
Folassium 1.0 158 mofl
Sodium Adsorption Ratio W09-023
Sodivm Sdsoeption Ratio - Caloulalion BALG
Sodiurm TIC-001 W03-023
Sadium 0.5 11300 mglL
Sulphur TIC-001 W02-023
Sulphale 14 G1ED myll
Total Hardness as CaC03 W09-023
Tolal Hardrass as Calod 20 F=0 gl
Ingrganic Chemistry - Nutrients LOR Result
Ammonia as N TO100-01 W03-023
Arrmonia as b 0,00 0,222 mgil
Chloride T0104-02 WOS-023
Chiande 4.0 17000 mgil
Corperais fuccrsd intion. Ko 1118 Mol
mﬁ% Chareical el Bisl glcnd Trsting 1. The 'l Bgurs of the resal velus s & sigeifico Sgure.
= . This docurment |8 ssied in s e 2. Sarepibes are wsalyaed a8 recaivad
wilhi BATA s acored sl ion ragaliements, X srmin = nant i st cowers craditition
NATA PPRNSIESinE 42 ki vk M o pacHeRl i s 2 ha ek SUAMMA. R
L ta Rmzart foaisr
W B * inilotas isdent s baen reta rded spanas the apmple. Flefer 1o famin foater,
__h“"“m_ﬂ ot E & ladizyiss the resulis boves changed sincs the st issued repert
oy FL mit rii i I concaneraiizn of snadyta which o
AR |mmn:umrzmcnminllli?ﬁum|mog:umuunulmmmdl:ﬂmu
vakae The Limit of Questiiat oo [LTHD] iw the bosest conceminfion of amabyle [or which
quantlaive rasus mey be within A Sp dugran of e .
Praidals,
) s h tomsmigen s 1o Hhe el e sloess Ko Coppmaion:
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Analytical Results

Customer Sample Description a0
Sampling Polmt O3504-0WLBE - Lock B Production Bore Un® Mumbar 7UN0- 111
Sampled Date 2E0ANEO0E 12:00;00AM
Sample Received Date ZEOAGE00E 11024880
Bample 10 300a-001 -2651
Status Endorsad
Collaction Typa Customer Collaciad
Fluoride Wia-023
Flucride 010 1% mg'l
Witrate + Mitrite as N T0161-01 W02.023
Miradn + Milide as N 0.005 <0E mgil
Nitrogen - Total W0S-023
Mitrogen - Tokal s 0.22 mgiL
Phaspherus - Fiterable Reactive as P TO108-01 W03-023
Phusphens - Fillerable Reactve as P G005 0,044 mgL
Phosphorus - Total TO102-01 Woo-023
FPhosphorus - Tatal ] 0.058 mgll
TKN as N T0112-01 Wo9-023
THM 32 [ en 000 02T mgil
Organic Chamistry LOR Resull
Dissolved Organic Carbon T0158-08 WO0-023
Dissolved Crganic Carban 3 8 mgi.
Inorganic Chemistry - Physical LOR Result
Alkalinity Carbonate Bicarbonate and Hydroxide TO101-01 W08-023
Alkalnity as Caldum Carhonate 246 mg'L
Bicarbonatie 300 mg'L
Carborato 0 mgiL
Hydradde 0 mglL
Turbidity T0018-01 Wo2-023
Turidity LR G.7 NTU
Inerganic Chemistry - Waste Water LOR Result
Suspended Solids TO160-01 W08-023
Suspended Solids 1.0 i mgll
Velatile Suspended Solids W02-023
Violatla Suspended Soids 1 2 mpil
Corpoeais Aocredibstion Ko, 1113 Kot
&&"‘%,\ Cheminal asd Biciopissd Tesiing 1, Thas laai Tegurrs of the ressdt wniue bs & danl Reant Bgire.
R e Thise chamid e | a2l Iy Ewcacna il L2 2. Sprmplen are ansdyaed s moeived,
HATA W PATA'S T i rs ol iemaaTie. 1§ daterminailen of tha sompneni le net covsed by RATA Becrsdition
& indicaisn resuk v oui of g o Ehe rels Raler
N o e R rspine
i & * insdicates inckisnt R baen recerded ageisod the snmpie. Asder ic Cepart oot
et s 6 B Irdizaies the resslie have changsd gnce the Lo insusd repo
ACERESITATIONR T. Tiva Lbvin of R paring |LOR) | th lowsai eoscameatl om of amilyte whish s

rapected ot the APAIC and is based oo the LOO rounded up o 6o resdiy usss
walum. Tha Limit of Quastitstion [LOD] b the lossst consemrasen of analis lo which

rmmits ey b whhinn dagres ol
Fagu ¥ ol 40
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Analytical Results

Custamar Sample Dascription 25 howrs
Sampling Point 43308-WLBL - Lock 8 Production Bore Unil Nurmbar fUSI- /4
Sampled Data 28/0472008 12:00:00AM
Sample Receivad Date 0452008 11:03:034M
Bamplo & 2008-001-2852
Status Endorssd
Collection Type Customar Collected
Bacteriology LOR Result
Iran Bacteria - Heterotrophic T460-01 WMZ-500
Irean Bacteria - Heleroinophic 10 =10 il
Iron Bacteria - Heterotrophic T460-05 WMZ-500
Iree Bagteria - Migroacopic axamiration Wirrasenopicnl reseninalicg of S cample did oo detacd o
Asanci ARG microorganisms
Inarganic Chemistry - Metals LOR _ Result
Calclum TIC-001 W09-023
Calciurn a4 585 mg'l
Iron = Soluble TIC-004 YWOD-023
Iran « Sohible 0,005 1.788 mgiL
Iron - Tatal TIC-004 W09-023
Irar « 1okl 0,00 1812 mall
Magnesium TIC-001 W03-023
Magrasium D3 1370 gl
Manganese - Scluble THG-004 W0S-023
Manganese « Solible 0,009 Do0E3 mgll
Manganese - Tatal TIC-004 W02-023
Manganase - Tolal Q.00 0,032 mgiL
Potassium TIC-001 W09-023
Proinssium 10 181 mglL
Sodium Adsorption Ratio W02-023
Sedium Adserpion Raba - Calculation 678
Sodium TIC-001 WO05-023
Seadium 0.4 11200 rgiL
Sulphur TIG-001 W09-023
Sulphate 15 G210 mgll
Total Hardness as CaCO3 W02-023
Total Hardnass as CaCo3 2.0 Fa0n mygil
Inorganic Chemistry - Nutrients LOR Result
Ammonia as N T0100-01 W02-023
Ammaria az N 0O0S 0221 mglL
Chioride T0104-02 W09-023
Chlefide 4.0 1E400 gl
i Corpodats Asarediunios b, 1115 Hotes
ﬁ‘% Charmdeal asd Biclopleat Teating 1. The laat ligurs of the rewsh welus is 5 s gl Ncsst Bgues.
P L3 i:m"*"éﬁd lH:::lﬂm:Il :.:qmplu lmmij“du wneabend.
NATA & 4. Indhciieh R B o 3pacHTEntion scccerdng 1 th elermacs Guids i, Rsee
i - o Mezart lzater.
‘%;-w@” 5, " indicones Iscident hoes eEn recorded apaine the semple. Aeker 12 apn fosts
Ry — E. & lndicaies the rewslis hoave changed since the Last fesusd repori
A CHES IR TIO M 7, Thas Limit of Reparting [LAOR] |8t [owest soncamyation of asalyss whish s
rema e o1 BWCIC fod |8 Doied o Ui LD o usded Up 1o 8 mate eedily dees
ki The Lirnit of Guastilestices |LOG) is the losest conssmnfon of ama ke loe which
P FrRE ey b sl wi ki B sp degram ol
I‘ﬂﬂul*l
I i it weerd 2of By S bt s s AL S i Tt
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Analytical Results

Customer Sample Description
Sampling Paint

Sampled Date

Sample Received Data
Samplu ID

Statlus

Collaction Type

35

O3 300-DWLAC - Leck B Production Bora Unit Numbsr F030-710
26042008 12-00:004M

ZEOAF00E 11:03:034M

“2000=001-Z652

Endorsad

Cuslomer Collaciad

Fluoride W02-023

Flugride 019 14 mglL
Mitrate + Mitrite as N TO161-01 W02-023

Hitrate + Nifrite as M 0.005 <00 mgil
Nitrogen - Total W09-023

ifrogen - Tréal nas 0.22 gl
Phosphorus - Filterable Reactive as P TO108-07 W03-023

Phosphones - Fillerable Reactive ag P 00E 0.0MB mgil
Fhosphorus = Total TO108-01 YWD3=023

Phaphonsg - Tobal KL ] 0062 mgil
THN as N TO112-01 WDB-D23

TEM as Mdragen 0,0 01e mplL
Organic Chemistry LOR Result
Dissolved Organic Carbon T0158-09 W09-023

Dissplvad Organic Carban 03 08 mo'l
Inorganic Chemistry - Physical LOR Result
Alkalinity Carbonate Bicarbonate and Hydroxide T0101-07 Wi8-023

Adkalinity as Calciurn Carbonale 26 mg/l.

Bicarkonate A mgll

Carbonate 0 mgll

Hydraxide 0 mg'L
Turbidity TO018-01 Wi8-023

Turkidity 0.1 1.1 MTU
Inorganic Chemistry - Waste Water LOR Resull
Suspended Solids TO160-01 W05-023

Suspendad Solids 1.0 18 mogl
Volatile Suspended Solids W09-023

Walafile Susperded Saolikls 1 2 mgiL

Ciorparit At edilaton Ho 1115 Moase

&5"&’3\@ Charsienl pnd Bisiogiz el Tewling
Thig drcarrsand ln jevand insccodsmn

“AATE wilh BATA® aczred Il on reqere manis,
B
Tyl

PRI LS AL L
AcTHEDT AN

value, The Uil of O JLEIET] I ik | E of nnnliyts fzr which
results mey ba within p degras =f
ddan) doduAn i 3 o il B Aot Ayl e

A, The ks Bgars of the pesash vakes Is 5 o gl am gers,

2. Sarplss we analyaed am received

1. & dete rvdroviicen of the comgnesnt s not soversd by HATA dczredhalon,

4, % indcries resul I8 mn ol specifization acsording 1o the meisrencs Guldsline. Raisr
1 Repan koler

5. " indicates incident hees besn recorded sgainst the semgls. [@eier o Ao looter,

B & bl oo e v vesalin Bavee ohanpesl o nee (he lag ssmsd repsrs

. Thse Lirrd Lol Pl g et seg (LD 18 S lpewns @ onesstrn b ol mral e wid ol b

reported nkihe AWOC snd s braed on the LOS roended up o g more readily waed
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FINAL REPORT: 36182

Analytical Results

Customer Sample Description 40 Py
Sampling Point G5505-DWLES - Lock & Production Bare Unit Mumber 70H0-710
Sam plad Date 2E0AED0E 12000080
Sample Received Data 2EM0A/200B 11:02:35AM
Gampla 10 “200a-001 -2853
Stalus Endorsad
Collection Typa Custamar Collecisd
Bacteriology LOR Result
Ireen Ractaria - Hn&nmlrﬂpmc T460-01 WMZ-500
Irar Bactena - Fetarotrophic 1 [1] 30 Jmil

Iron Bacteria - Heterotrophic T460-05 WMZ-500
Iror Brcterin - Micraaoopo ckamination

Migrakeapical ax@amination of the sample did ned detect iron
asscoialed microaianisirs

Inorganic Chemistry - Metals LOR Result
Calcium TIC-001 W02-023

Calcium .1 575 mgL
Irenn - Soluble TIC-H04 WilE-023

Iron = Sakibie 0.005 1851 mgiL
Iran - Total TIC-004 WO08-023

from < Total 0.1k THMS Bhgil
Magnesium TIG-001 WD2-023

Magnes lum oA 1350 mgil
Manganese - Soluble THC-004 W09-023

Manganase - Schuble a.001 0.033 myl/L
Manganese - Total TIC-004 W02-023

Manganaan - Tolal 0.0 .03 mglL
Potassium TIC-001 W09-023

Potassium 1.0 188 mgiL
Sedium Adsarption Ratio W02-023

Sodium Adsorpfon Ralio - Calailalicn 588
Sediurm TIC-001 W02-023

Soadism 0.5 11300 mglL
Sulphur TIC-001 W092-023

Sulpbaie 1.5 BOS0 mgil
Total Hardness as CaC03 WO00-023

Toial Hardness as Cadod 2.0 om0 gl
Inorganic Chemistry - Nutrients LOR Result
Ammaonia as N TO100-01 Wi9-023

Ammenia as N 0.005 0318 mg'l
Chloride TO104-02 WOD-023

Chlarida 1.0 17700 gl

Corparane Sogeadliation Mo 1915 Hosan

Thin drzarrmal in invssed in accodeness

H.ﬁ.'l'.ﬁ. wilh RATA S aszred lalen iequbesents,

G

é’.‘g-”i“%k Chanicnl snd Biolegizel Tasting
Ll h

Pk i TT—
AL LT A

renulis moy b within a degras =i
PEI 2E ol 43
[k tor] BOEENmR i I8 e poagaraddnn S e st

£ Thie I figrars of e resil vakis 15 3 shprifo s figers,

2. Sampies ore enplywed me recead.

1. # deiwrreinovd on ol the cosm in not covered by MATA Accredh dion.

4. * Indicates rewalt s cut ool spscHicaiion accordng o ihe redsrencs Gulkdeline. Aster
o Aepoen doosr,

5. * indieats ncldant hava bisn mezorded pgainsl v samgle. Ralir o Rigoe Bolar.

B, & Indlcrten s reauie hevwe chanpesd dnze ihie e loessd rapsr

7. Thie Lissi #f R eponiag (LOA] 18 die lewest oonientnaion of salpe wiloh

inporbad ol s AWEG and b b ed an the LOG soen ded up 9 a mors ieadiy seed

wnlue. The Limi of Demnikwilien (LOO) i = lowest concamtration of analyte far mhich
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84130100

L | L s TR s e
For &1 T AR AR DR S
FINAL REPORT: 36182
Analytical Results
Customear Sample Description 40
Sampling Point H3309-WLBL - Lock 8 Production Bora Unit Member ¢UE0-710
Sampled Date 26/04/2008 12:00:004M
Sample Recelved Date 20/0452008 11:02:35AM
Somplo 1R 2000012852
Status Endaned
Collection Type Customer Collected
Fluoride WiG6-023
Fluoride [ER i) 1.9 mplL
Nitrate + Nitrite as N T0161-01 Wi00-023
Mitrale + Kilrile as M r00G =005 gl
Hitrogen - Total W02-023
Mriragen - Total 0.0 m2# mglL
Phosphorus - Filterable Reactive as P T0O108-01 W02-023
Phosphons - Fibarable Reacive as P oo 0055 Mgl
Phespherus - Tetal TQ102-01 WOD-023
Phiosphons - Total 0,005 DAEG mgfll
THN as M T0112-01 W02-023
TM as Blilnogen Q.05 016 mgil
Organic Chemisiry LOR Result
Dissolved Organic Carbon TO158-09 W02-023
Bissolved Crgaric Carbor 03 0.5 mg'l
Inerganic Chemistry - Physlcal LOR Result

Alkalinity Carbonate Bicarbonate and Hydroxide T0101-07 Wo8-023

Alkalinity as Caleum Carbanain 26 mgiL
Bicarbonaie 300 mgll
Carbonate i mpil
Hydraside 0 mgll
Turbidity TOO18-01 W09-023
Turbidity 0.1 54 NTU
Inorgan ic Chemistry - Waste Water LOR Result
Suspended Salids TO160-017 WOB-023
Suspended Solids 1.0 B gl
Volatile Suspended Solids W02-023
Valatie Susparded Salids 1 2 mail
. Corporabs Accredovion Me. 1115 Hites
A Charmiapl ared Biodopioal Tasting A, Thott |pan Tigrars of Vo pé Gl workaw i @ Sgrifloam Nipse
2 This dacustentis wsued in aasordmee 2 Eamplen are -
il A TA'S peocre ko= F el remenle. A W determination of the companent |8 o eevered By META Srorednmion.
“ATA A * inedicpies rreull le ot ol e Beovton a6 condng w1 he referens o Galdelise, Aeder
N S 1o Fapeet To phiss,
S A 7 ivdic piww incidant have been recorded sgninsi e sampls. Rafer io Report foctar,

L
N A
AGEHELHTATIOR

A B Indleates the re sulins hasse ohanged shace the |e laseed mpodt.

T. Tha Lim# of Rapeeting ILDA] s the lowast conzenimbion of anabys which (s

repzrisd a1 the AWDC and im bassd on ihe LOO reunded ap (o s mers ramdlly ussd

walum, Th Limis af Quamcwion (LOD] b tve iwes oancestration of analye forshiah
rewmalin movy e ol d whhina iiedl depees ol

Page 2l J 8
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BE1B010

Moot Maad
Eotivar B 2118

FINAL REPORT: 36162

Bl Tl R AN N
il s gl

Analytical Results
Customer Sample Descriplion

45 houia

Sampling Polnt BABM-DWLHL - Lock B Hroduclion Baore Lind Mumbar /020-/ 10
Sampled Date 2642008 12:00:00AM
Sample Received Date 2BM4/Z008 11024600
Bample 1D FA00E-001-2654
Status Endorsad
Collection Typs Customar Collaclad
Bactericlogy LOR Result
Irnn Racteria = Heteratrophic TA60-01 WMZ-500
Irer Bacieria - Heteroirophic 10 =10 Al

Iron Bacteria - Heterotrophic T460-05 WMZ-500
Iron Basoria - Misrancapis ssaminatian

Migrospapical peaminafian of the samals did et datact iron
associaked micraongan sms

Inarganic Chemistry - Metals LOR Result
Caleium TIC-001 WO2-023
Calehum 01 HB5 mgil
Iron « Soluble TIC-004 WO2-023
Iron - Sokible ER L) 1.862 mglL
Iran - Total TIC-004 W02-023
ran - Tatal [ERVADY 1800 mgiL
Magnesium TIC-001 WO08-023
Magnesium 1] 1370 gl
Manganese - Soluble TIC-004 W02-023
Manganase - Solble 0.001 D034 mgil
Manganese - Total TIC-004 WO02-023
Manganase - Tolal 0,001 0034 mgll
Potassium TIC-001 WO8-023
Petassiurm 1.0 160 mgll
Sadium Adsorption Ratlo Wa98-023
Seadium Adsorplion Rabo - Caleutalion &7.3
Sodium TIC-001 W09-023
Sedium 0.5 11100 mgil
Sulphur TIC-001 W02-023
Sulphaie 1.8 a4l ma'l
Total Hardness as CaC0Od W09-D23
Tofal Hardness as CaC03 2.0 F100 mofl
Inarganic Chemistry - Mutrients LR Result
Ammonia as N TO100-01 W02-023
Ammoria as N 0005 0235 mgil
Chlaride TO104-02 W02-023
Chicride A0 18100 mgll

orporake Accredfateen Me 1108
ﬁ% Chemizal and Blclogical Testing

F Tréz deaumenlia lssjed in ssacidance
HATA wiln MATA s pooradib@on fpopi reman e,
%w’w

WL P s

Rates

1. Tha last fgurs of Tie resuit snlus fs a sgnificant g

T Bamaple pre ansyied pe esEived

X N dwtarminelion of tha componentis not ooy by MSTA ficeodEdien.

& ruwall e out ol [ 3 g%z b ewferance Guidslise Rk
iz Rapart looksr,

& " inadiapies I bien b b rmosried pandne the samp e, Rafer o Repes Raogar,

B & irdicatss the results heve changed sisce T |net insusd mepart.

T.Tha Limit of Repzring [LOH) Is the lomest conzenimbon ol anstyis which s

rapseted o e APIDRD el e b s el oo 11 ILCRCY P il s 10 9 eDeE ce ity wsed

wwlus. Tha Lot of G ssitition (LGS b the lewe concestration of snelyte lor shigh

Uil el ey bie i whthin o spaciied degres of eonild
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Bd180100

FINAL REPORT: 36182

Analytical Results

Customer Sampla Description
Sampling Point

Sampled Date

Sample Recelved Date
Bample 1D

Status

Caollection Type

a5

§3309-DWLEC - Lack & Produetion Bore Unh Fumbar 7030-T18
260472008 12000008

20452008 1 1:02-454M

*Z00E=D01 2554

Endorsed

Cusiomer Collected

Fluoride W09-023

Flucride

Mitrate = Witrite as N TO161-04 W09-023
Hitraba # kirite as N

Mitrogen - Total W02-023

Hitrogor < Talal

0.0 1.9 mplL
0.ons =0,005 mgll.
.04 02 regil

Phasphorus - Filterable Reactive as P TO102-01 W02-023

Phasphans - Fikerable Reactive as P 0.005 L.0s3 mgil
Phosphorus - Total TO103-01 Woa-023

Phaspharus - Total 0.0 0.0E8 mgil
TKN as N TO112-01 W09-023

TRM &8 MFGgan 0% 0.3 il
Organic Chomistry LOR Result
Dissolved Organie Carbon TO156-09 WO09-023

Dizzabeesd Organic Caftion 03 0.8 mplL
Inarganic Chemistry - Physical LOR Rosult

Alkalinity Carbonate Bicarbonate snd Hydroxide T0101-01 W09-023

Allclirity 85 Caldum Carmhonabe 246 mpl

Bicarbanabe a0k mell
Carbarato o mgll

Hydrouice O mgll
Turbidity TO018-01 WO9-023

Turbidity o1 5.3 NTU
Inerganic Chemistry - Waste Water LOR Resull
Suspended Solids TO160-01 W02-023

Suspendad Salids 1.0 10 mgll
Volatile Suspended Solids W09-023

Volalia Suspendad Solids 1 3 mgll

orpomis Accrediaiion Mo, 1118

f&-ﬁ Chemical and M olopical Testing
= m Thee chacss exil ke Resied i socordance
“ATA i MATA's aogradibsiian r el reemanls,
kﬁ ;39&'
il

LV iR W
AR EHT AT O

Habirs
1. Tha last Nigure of e e wlt value s 5 dgnificant fgure.
£ Brmplas pre ansyied 18 (poE eed,
A ¥ deisrminelion of the component i not coversd by BATA Accredibstion.
4 ® jndicates resul is oul of sp L] -

iz Report oo,
6 " imadlapies Irve okt bovess b e reca e ) aen e g e, Raler io R Moo
A & Irdicsies the results have changed since the st issusd eport.
T. Thea Lim of Reeparting [0 1= ihe losssai comaemiration of amalyie which s
FEppT R o e ARG s e bvessl g thye ILCHEY roreaied g 10 {5 reapn re By uged
walisa. Tha Linit of Questistion |LOS s the o cancerdration = anslple o whish
ApIEk (ealte ey e olstn e wiken o sees Hed dagiiee of & onlldenss.

e

. Ml
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APPENDIX 4: PSD AND MFI RESULTS

N.B: The name at the bottom of the graph represents the time and aquifer from which
sampling was undertaken.

| MASTERSIZER

Result Analysis Report

Sample Name: S0P Nama: Measurad:
Aynraged Resuli1® Friday, 2 May 2008 10:27:20 Al
Lampla Source & type: Measured by: Armalysed:
Supplinr bar539 Friday, 2 May 2008 10:27:31 AW
Sample bulk ot ref: Result Source:
fvaraped
Particle Nams: Accosaony Name: Arnalyaia modal: Sensitivity:
Kealinie high Heydro 20003 (A} General purposa oomial
Particle Rl; Ahsarptian; Si@n ranga; Qbssuratian:
1.570 a1 0.020 Lz 2000.000  um 361 %
Disporsant Mame: Dispersant Rl: Weighted Residual: Result Emulation:
Waler 11330 R AGR [ o
Concentration: Span : Umifarmity: Result wnits:
0.0004 ol 20292 655 Waluma
Spacific Surface Area: Surface Weighted Moan D[3,2]: Vol Weighted Mean D[4, 3):
1.73 oy 3453 (L] 50727 ufi
dif1): 1294 urmi df0.5): 8574 um d0.9)y: 175282 um
L g ____Particks Size Diatribution
T
| fi
=) 5
il
ax 4
g
= 3
=
2
1
%.Cﬂ 01 1 10 100 1000 3000
Farticle Size (um)
— doeragad Resull19, Frday, 2 May 2008 10:27:29 AM

iz )| MmN Tia [y | Er T T T O e e Eica | )| vdir bR
1 1 1

~ I - A - - e R

L] ks a1m s L5 i 1518 2 . o it o
e 0w 14 (53 5ET nm

o | n1m 168 .4 muEe RE ]

aer :E 01ER E$ 1608 ;:: ET] E': FrE] :2 1B TEE E

Lt i LE & 218 m pric = At e L s

a3 o LE el 2512 ol 0% u;u nAB iy 0T o

e S 2575 i 168 aGr AN diti 1HE S A i

e LB : a1 MEN LB B0 B

& am i 45 sud b1 i1 LEL] g um i nog
] L1 1] [E- (L] 13

2HD 417 A8 Eo ] AR A

e m T e Lk 2 E34EA oy ARG i STSLEE o

5

sz m EE] :i s :: ok : : 0T EL:'; oot :‘;

BIE0 e ] T oy o RS it A i TEETH s

nes am oI . 158 i T i B3 TB4 i AmEN e

] P e s BT by LF] S BB P e

] e [ES 3 A ol 1M L 1E6.47H el

DG 118 : 1.2 ' 130 125005

Operator notes:  Average of 18 measwrements from dwibe mond. mes

Mt lralrominis Lid aniaraicar J0E0 Ve, 337 Film name: dwitc manl.mes
‘dpbanim, UK Benial Muraer - WAL101T6d Reooen kumier: 24
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Sample Name:
Averaped Result?
Sample Seurce & type:
Sippliar

Sampla bulk lot ref:

MASTERSIZER

Result Analysis Report

50P Nama:

Measurad by:

harfian

Rasult Source:

Maeasurad:

Friday, 2 May 2006 10:56:32 AM

Aralysed:

Friday, 2 May 2008 10:56:33 AM

Averaged
Particie Name: Accessory Name: Analysis model: Sensitivity:
Kanlinide high Heydro 20000 (A} Genaral purpose Meorrrial
Farticle [ Mbmorption: Gice rmge: O boauration:
1.570 0.1 020 to 2000000 um  0B4
Disparsant Mame: Dispersant Rl Weighled Residual: Result Emulation:
Wator 1330 13008 % O4F
Concentration: Span : Uniformity; Result units:
O03S %ol 1 &M 0564 Volume
Spacific Surface Area: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]):
1.61 milg 3.733 um B2.979 um
do1]: 1458 um dio8): 112813 um ding)y:  181.240  wm
S Pariicle Size Matrbution
14
12
s |
£ 10
o
E 8 |
| =2
= B
i
s |
r;'b.liﬂ 0.1 1 10 100 1000 3000
) Faricle Size (pm) T
[ Aweraged Result7, Friday, 2 May 2008 10:56:32 AM

Eea [pory | Wokarerla )

W e G gy | v ing|  [Emp| e San W Szl | Snum i
[ ] WA lﬁi% ey
[115] LT 145 [al:4] i ) (o]
am 0 139 am 13803 e
s ne R e b 1_ra‘ i nm g m | e nm
; m
nis g: 45 z; 1680 :: wam E 19 I?':: A ?m
oy nuz e nigs o e s Mman p{ T =
e i 0 2488 2o mm y e
am| wa| O am| 2% el % | mm| B ||
1m am m ato e o
i 0 288 0200 || 1w mum
iz i 38 i e e M Y |00 bl I o,
035 :ﬂ 283 E 1R :':: ®H1 :E AR z; A im :ﬁ
i s T it '] ris 15T i e el | ETER it
s P P e sz i 5241 e MEE | | T i
e nEEn BT ; o EnsT BEOE.0H
om 13 5 i m 0w
a0 i o b BT v BB g o6 am| | T e
o o e e 15m = T3 pies BT om| | e o
0498 i nEER = BT e 8120 i A o [10000
0 2 D b 105 = ) oee| | e i
i 3 11088 11 432 e 0

Oparator notes:

el b 1T A SAFLT 8 L
Sakam, UK
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Sample Name;
Axeraged Rasuli20

L1

Sample Source & type:

Basppliar
Sampla bulk lot ref:

MASTERSIZER

Result Analysis Report

SOP Hame:

Measured by:
Bars3d

Resull Source:
Axeragad

Measured:

Fricday, 2 May 2008 11:15:05 AM

Anabysad;

Friday, 2 May 200E 11:15:06 AM

Particle Mame: Accessory Nama: Analysis model: Sensitivity:
Kaclinita high Hytdro 20000 (A) General purposa MNerrnal
Farticle Rl Abgarplion: Sizo rangn; Obacuration:
1.570 0.1 0.020 o 2000000 um 168 %
Dispersant Nama: Diaparsant RI: Waighied Residual: Result Emulation:
Walar 1,330 4294 ] Hf
Concantration: Span; Uniformity: Result units:
n aanes AT 22E1 0.&84 Wolurme
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
2.68 mig 223 ] 5380 urm
digd): 0 um {05 4541 um din.g):  11.065 um
B 7 Parliche Size Distribulion
8
7
&
=
£ 5
E
5 4
e
= 3
2
1
b1 0.1 1 10 100 1000 3000
Parlicle Slze (pm) |
|- Averaged Resull20, Frday, 2 May 2008 11:15:05 AM 5
Eioa (| Ve iest Hza | vaumein®] [ Voeeing|  [Sm Vdumin®]  [Ez i Wumin®] [See Velurm In%
(] (3 e _"ﬂ'u [ 'm" e o et ™ 7 =
il e ke m o 158 i 1@ e om| | ‘B i
a8l [EE -] 14 7 15138 7 158,408 om 1SR ST nm
Qs i 0158 v 18 vin T3 181897 10081
m [4i-] 215 LR i L1l ]
i i B G £.905, mr LES] i B il HETTR 2
BOGD [iF.1:] 1188 e 000 o 22080 Py HEER a
Do oo 240 Lot 2513 A0 i P
om Bit 413 om o o
B i 0as . 1EE am 5Amn wm HEEE oo N Qs
ozl "
m L :J:: iy ;;; o ;;TT e Alnam e Em fatn
non i [IELH fad 435 £ L ] e ATEXD o HH1ER i
it 14 6 [ 0o am
(i ] 4 1114 08 B 1 L S m Kk o
ooz ne a4 e P - w2 ol | = ol | eecess i
nos s 8 et BT s mw a| | 2= ol | mESTE b
W o 5% eh AL it £ 7B ! WIREE o
0w et 1.7 :’: ar 15 M «m B RO by lLitalvii]
e :E bt 155 g 1 e am| [ e 0o
0135 1156 48 130556 1250

Operator notes:

Wiahaem Irafrumenis Lid
Watsemn, LK

Average of 20 moasoements i dwibe mand.mes
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MASTERSIZER <20

Result Analysis Report

Sarple Marmm: S0P Name: Measured:
Aweraped Reasulld Friday, 2 May 2008 11:38:19 A
Sample Source & type: Measured by Amalysed:
Suppliar har539 Friday, 2 May 2008 11:38:20 Ak
Sample bulk lot ref; Resull Source:

Awaraged
Particle Name: Accessory Mame: Analysis modal: Sensitivity:
Kaclinile high Hydro 200006 (A) Genaral purpose Mosmnal
Partizia R Absorption: Bide Pmge: Qbsouration:
1570 [N Q.020 to 2000000 um 164 W
Dispersant Nama: Dispersant Rl Weighled Residual: Result Emulation:
Wabar 1.330 AT k] or
Concentration: Spam : Umiformity: Result unita:
00045 vl 1,514 .5550 Woluma

Specilic Surface Area:

Surface Weighted Mean D[3,2]:

Vol Weighted Mean D]4,3]:

.31 mig 17.506 um 2E4.438  um
d{0.1]:  9.180 um d{0.5); 280343 um 43136 um
B Particl Size Distribution
16 :
14!
. 12
E 10!
£
5 &
[=]
= G
4
2|
%.CH 01 1 10 100 1000 3000
Particle Size (pm)
— Aweraged Results, Friday, 2 May 2008 11:38:19 AM |
E T Targ | voman | [Gzeiun)[voomens]  [Soa i veeins] - [S pe i (| wokarm1a
£ (003 1 L2 ] R
o s 0 ﬁ 178 z:: nie g; DAL f"; i s
ams 1R 145 15138 REE ] 50 587
1] 0w 0 o T 10|
s 0 (K. ] h [ ] RLAE ] TIEAET
1] i [+ o 1 00
nmT 100 0 a0 191G P ES nal i L] Bl Pl o] a0
figa 039 1w 000 fe T 1511 B
[Eesl [1 o=l 13 M 1251 oo
[iTiez] L] 1542 ok 5an e Hiees
0w e TdE| LE] 140 o
e el 4375 S 2884 e A iy B2 A wman s
i a0 il &l ol BED) e n ] 1 Ll 000
035 a0 Lk i} i\:li 1EE - aan 043 AEEED an L] a0
140 1y 435 T ATAED IR i
wm 0T o 0 am i
L ryes (] 3 B2 P S48 e A a0 ELco k] .
HEEZ [iha ] BT S EMET a0
om nm 0 ET o pl
o0 = [TEH e [T o LRl s TH436 i e el
e s =) s T3 i T il BT g B i
LiTS pis nam o i i &30 i D o [ 1E00RIED
et lih 458 o 10300 bl 1 Fid :m ALB47 i
[iR]1-] s LLE . -3 TN 12032

Qperator notes;

Mishwiy IWedlu MEiE LIOL

Avaraga of § maaswmments om dwibc mond.mes

g shergarer 2000 War, 533

Mighapm, LI Sarial Kumber | MAL %1 TE4
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MASTERSIZER <20ad»

Result Analysis Report

Sarmpla Nama: S0P Name: Measured:
#Aweraged Resul18 Friday, 2 bay 2008 1:49:20 Fid
Sample Source & typa: Measured by: Analysed:
Suppliar harsig Friday, 2 May 2008 1:40:21 P
Sampla bulk lof ref: Resull Sournce:
Averaged
Particle NMame: Accassory Name; Analysis modal: Bensitivity:
Kaalinila high Hydro 20005 (A Genaral purpose Marmal
Particle Kl Absorption: SiEs rangs: Chmouration:
1.570 0.4 0.020 be 2000.000 um 135 %
Dispersant Nama: Dispersant Rl Weighted Residual: Rasult Emulation:
Watar 1.330 1T % alis
anﬁuntmllﬂll‘l.' Span : Uniformity: Result wnils:
0T ol 1,861 0 RAR alume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol, Weighted Mean D[4,3]:
0674 miig 8.831 um ZEFZTEA  um
diod): 3060 um d[0.5): 235446 um diog): 441215 wm
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MASTERSIZER

Result Analysis Report

Sampla Name: SOP Nama: MMeasurad:
Averaged Result1d Friday, & Mey 2008 2:04:18 P
Sample Sourca & type: Measurad by: Arvalysed:
Supplier harfad Freday. 2 May 2008 2:04:20 PM
Sample bulk lot ref: Result Source:
Mweraged
Particle Mama: Accessory Name: Amalysis model: Seneitivity:
Kaolinita high Hydro 20006 (A) General purpose Mormal
Parlicly R Absorption: Bize romgo: Chssuration;
1.870 LA 0.020 fo 2000000 wm 083 %
Disparsant Hame: Disparsant RI: Weighted Residual: Raesult Emulation:
Waker 1.330 18776 W fan
Cancentration: Span : Uniformity: Result units:
Loli3 vl 1671 0.507 ‘Wolume
Spacific Surface Area: Surface Weighted Mean D[3,2): Vol Weighted Maan D[4,3]:
0673 g a.420 um 20305 um
di0.4):  3.370 um d[(0.5); 32ZBSTE  um dal08): 53G0I um
Particle §iza Distribution '
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MASTERSIZER <20ad»

Result Analysis Report
Sample Name: S0P Name: Measured:
Averaged Rasult1d Friday, 2 May 2008 4414 P
Sample Source & type: Meagurad by Arvalysid:
Suppliar bars3g Friday, 2 May 2008 2:44:20 PM
Sample bulk lot ref: Resull Sourca:
fwaraged
Particle Mama: Accessory Mame: Analysis model: Sensilivity:
Kaclinile kigh Hydng 200005 (&) Ganaral purpose ol
Particla Rl Abaorption: i range Qbscuration:
1.570 01 @.020 to 2000000 um 021 k]
Dispersant Nama: Dispersant Rl Weighted Residual: Rasult Emulation:
Waolor 1,330 & RT? L' ol
Concentration: Span ; Uniformity: Resull units:
00086 Sl 1.075 0,327 WVolume
Specific Surface Area: Surface Weighted Maan D[3,2]: Vol Weighted Mean Df4,3]:
00214 miig 2800641 ] 3202B1  um
diod): 189351 wm d{0.5): 448 um dingy: 501457 um
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MASTERSIZER

Result Analysis Report

Hample Hame: S0P Nama: Measured:
Aweraged Resull Friday, 2 May 2008 2:58:53 P
Sample Source & type: Measurad by: Amalysed:
Supplier harfidn Friday, 2 May 2008 2:58:54 PFM
Sample bulk lot red: Rasuli Source:
Avaraped
Parlicla Nama: Accessary Name: Amalysis model: Sensilivity:
Kaalinita high Hydro 20006 {A) Ganeral purpose Marmal
Farlicle BRI Abmorption: Bl ronga: Chesuration:
1.5T0 0.1 0.020 o 2000030 wm 022 %
Dispersant Name: Dispersant RI: Waighted Residual: Result Emulation:
Wilcr 1.530 73452 % (b
Concentration; Span Uniformity: Result units:
00082 el 1413 0.426 alume
Specific Surace Area: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
00226 még HET4E  um A2TI06 um
d{d.1): 163204  um di0.8); 284638  um d(0.9); 565452  um
Particla Size Distribution
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Operator notes:

M b 7 R8T B L
sakarn, UK
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MASTERSIZER <2aag®

Result Analysis Report

Samgle Mame: S0P Nama: Measured:
Averaged Resuliis Friday, 2 bay 2008 2:25:11 Pl
Sample Source & type: Measurad by Aralysed:
Supplior P e Friay, ? bay 2000 2-25-17 PM
Sample bulk Iof ref: Result Sourca:

Averaged
Particle Name: Accassory Name: Analysis modal; Sensitivity:
Kaolinite high Hidra 200005 (A} Genaral purpags Marmal
Paricia R Ak erptisn: Fize range: Obmcuration;
1.670 0.1 0.020 lo 2000000 wm 016 %
Dispersant Namae: Dispersant Ri: Weighted Residual: Result Emulation:
Wl 1.0 8.340 % Qi
Concentration: Span : Linifarmity: Regull unils:
D062 Havol 1394 04729 wWnluima

Spacific Surface Area:

Surface Welghted Mean D[3,2];

Vol Weighted Mean D[4,3]:

0.0Z26 ] 265174 um 35584  um
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Operator notes:  Average of 15 meagurements from dwibe wardmea
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APPENDIX 5: MONOMAN SANDS TO WARINA SANDS INJECTION

DATA
Test Date Start time Injection Rate Test Duration
(L/s) (mins)
1a 20/6/2008 09:30 AM 6 L/s (first 7 days) 10,098
1b 27/6/2008 09:30 AM 12 L/s (final 3 days) 4,304
(Total 14,402)
Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s)

Initial head 16.985

Report DWLBC 2009/01

16.916
20.431
19.811
18.708
17.640
16.537
16.433
16.502
16.502
16.502
16.571
16.571
16.502
16.640
16.640
16.640
16.640
16.640
16.571
16.571
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675

0.069
-3.446
-2.826
-1.723
-0.655
0.448
0.552
0.483
0.483
0.483
0.414
0.414
0.483
0.345
0.345
0.345
0.345
0.345
0.414
0.414
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310

Phase IIb Preliminary Pumping and Injection Trials

6.0

6.0

6.0

Comment
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s)

64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
96
98
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
352

Report DWLBC 2009/01
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16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.744
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.675
16.744
16.744
16.744
16.812
16.744
16.812
16.812
16.812
16.881
16.812
16.881
16.881
16.812
16.812
16.744
16.744
16.744
16.812
16.744
16.744
16.744
16.744
16.744

0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.241
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.310
0.241
0.241
0.241
0.173
0.241
0.173
0.173
0.173
0.104
0.173
0.104
0.104
0.173
0.173
0.241
0.241
0.241
0.173
0.241
0.241
0.241
0.241
0.241

6.0

6.0

6.0

6.0

Comment
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
354 16.744 0.241
356 16.744 0.241
358 16.744 0.241
360 16.744 0.241 6.0
370 16.675 0.310
380 16.675 0.310
390 16.675 0.310
400 16.675 0.310
410 16.675 0.310
420 16.675 0.310 6.0
430 16.675 0.310
440 16.709 0.276
450 16.709 0.276
460 16.709 0.276
470 16.709 0.276
480 16.709 0.276 6.0
490 16.640 0.345
500 16.640 0.345
510 16.640 0.345
520 16.640 0.345
530 16.640 0.345
540 16.571 0.414
550 16.571 0.414
560 16.640 0.345
570 16.640 0.345
580 16.640 0.345
590 16.640 0.345
600 16.640 0.345 6.0
610 16.640 0.345
620 16.640 0.345
630 16.640 0.345
640 16.640 0.345
650 16.640 0.345
660 16.640 0.345
670 16.640 0.345
680 16.571 0.414
690 16.571 0.414
700 16.571 0.414
710 16.571 0.414
720 16.571 0.414 6.0
730 16.640 0.345
740 16.640 0.345
750 16.640 0.345
760 16.640 0.345
770 16.640 0.345
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment

780 16.640 0.345

790 16.571 0.414

800 16.571 0.414

810 16.571 0.414

820 16.571 0.414

830 16.571 0.414

840 16.571 0.414

850 16.571 0.414

860 16.571 0.414

870 16.571 0.414

880 16.571 0.414

890 16.571 0.414

900 16.571 0.414

910 16.571 0.414

920 16.571 0.414

930 16.571 0.414

940 16.571 0.414

950 16.571 0.414

960 16.571 0.414 6.0
970 16.571 0.414

980 16.571 0.414

990 16.571 0.414

1000 16.571 0.414

1030 16.571 0.414

1060 16.571 0.414

1090 16.571 0.414

1120 16.571 0.414

1150 16.571 0.414

1180 16.571 0.414 6.0
1210 16.571 0.414

1240 16.571 0.414

1270 16.571 0.414

1300 16.571 0.414

1330 16.606 0.379

1360 15.124 1.861

1390 14.917 2.068

1420 15.055 1.930

Replaced filter to 100

1430 16.640 0.345 micron
1450 16.640 0.345

1480 16.744 0.241

1510 16.744 0.241

1540 16.744 0.241

1570 16.812 0.173

1600 16.744 0.241
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
1630 16.744 0.241

1660 16.812 0.173

1690 16.812 0.173 6.0
1720 16.812 0.173

1750 16.812 0.173

1780 16.812 0.173

1810 16.744 0.241

1840 16.744 0.241

1870 16.675 0.310

1900 16.675 0.310

1930 16.675 0.310 6.0
1960 16.675 0.310

1990 16.675 0.310

2020 16.675 0.310

2050 16.675 0.310

2080 16.675 0.310

2110 16.675 0.310

2140 16.675 0.310 6.0
2170 16.675 0.310

2200 16.675 0.310

2230 16.675 0.310

2260 16.675 0.310

2290 16.675 0.310

2320 16.675 0.310

2350 16.675 0.310

2380 16.675 0.310 6.0
2410 16.675 0.310

2440 16.675 0.310

2470 16.675 0.310

2500 16.675 0.310

2530 16.675 0.310

2560 16.675 0.310

2590 16.744 0.241

2620 16.744 0.241

2650 16.744 0.241 6.0
2680 16.744 0.241

2710 16.744 0.241

2740 16.744 0.241

2770 16.744 0.241

2800 16.744 0.241

2830 16.744 0.241

2860 16.502 0.483 6.0
2890 16.778 0.207

2920 16.778 0.207

2950 16.847 0.138
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
2980 16.916 0.069

3010 16.916 0.069 6.0
3040 16.916 0.069

3070 16.916 0.069

3100 16.847 0.138

3130 16.950 0.035 6.0
3160 16.881 0.104

3190 16.881 0.104

3220 16.812 0.173

3250 16.812 0.173

3280 16.812 0.173

3310 16.812 0.173

3340 16.812 0.173 6.0
3370 16.812 0.173

3400 16.812 0.173

3430 16.812 0.173

3460 16.812 0.173

3490 16.812 0.173

3520 16.812 0.173

3550 16.812 0.173

3580 16.812 0.173

3610 16.812 0.173

3640 16.812 0.173

3670 16.812 0.173

3700 16.812 0.173

3730 16.812 0.173 6.0
3760 16.881 0.104

3790 16.881 0.104

3820 16.881 0.104

3850 16.881 0.104

3880 16.881 0.104

3910 16.881 0.104

3940 16.881 0.104 6.0
3970 16.881 0.104

4000 16.881 0.104

4030 16.881 0.104

4060 16.881 0.104

4090 16.881 0.104

4120 16.881 0.104

4150 16.881 0.104

4180 16.881 0.104

4210 16.881 0.104 6.0
4240 16.881 0.104

4270 16.881 0.104

4300 16.950 0.035
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
4330 16.950 0.035

4360 16.950 0.035

4390 16.950 0.035

4420 16.950 0.035

4450 16.950 0.035 6.0
4480 16.950 0.035

4510 17.123 -0.138

4540 17.019 -0.034

4570 17.019 -0.034 6.0
4600 16.950 0.035

4630 16.950 0.035

4660 16.950 0.035

4690 16.950 0.035

4720 16.881 0.104

4750 16.950 0.035

4780 16.950 0.035 6.0
4810 16.950 0.035

4840 16.950 0.035

4870 16.950 0.035

4900 16.950 0.035

4930 16.950 0.035

4960 16.950 0.035

4990 16.950 0.035

5020 16.950 0.035

5050 16.950 0.035

5080 16.950 0.035

5110 16.950 0.035

5140 16.950 0.035

5170 16.950 0.035 6.0
5200 16.950 0.035

5230 16.950 0.035

5260 16.950 0.035

5290 16.950 0.035

5320 16.950 0.035

5350 16.950 0.035

5380 16.950 0.035

5410 16.950 0.035 6.0
5440 16.950 0.035

5470 16.950 0.035

5500 16.950 0.035

5530 16.950 0.035

5560 16.950 0.035

5590 16.950 0.035

5620 16.881 0.104

5650 16.881 0.104 6.0
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
5680 16.881 0.104

5710 16.950 0.035

5740 16.950 0.035

5770 17.019 -0.034

5800 16.881 0.104

5830 17.019 -0.034

5860 17.019 -0.034

5880 17.157 -0.172 6.0
5910 17.088 -0.103

5940 17.088 -0.103

5970 17.088 -0.103

6000 17.088 -0.103

6030 17.088 -0.103

6060 17.157 -0.172

6090 17.157 -0.172

6120 17.157 -0.172 6.0
6150 17.054 -0.069

6180 17.054 -0.069

6210 16.985 0.000

6240 16.985 0.000

6270 16.985 0.000

6300 16.985 0.000

6330 16.985 0.000

6360 16.985 0.000

6390 16.985 0.000

6420 16.985 0.000

6450 16.985 0.000

6480 16.916 0.069

6510 16.916 0.069

6540 16.916 0.069

6570 16.916 0.069

6600 16.916 0.069 6.0
6630 16.916 0.069

6660 16.916 0.069

6690 16.916 0.069

6720 16.916 0.069

6750 16.916 0.069

6780 16.916 0.069

6810 16.916 0.069

6840 16.916 0.069 6.0
6870 16.916 0.069

6900 16.916 0.069

6930 16.916 0.069

6960 16.916 0.069

6990 16.916 0.069
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
7020 16.916 0.069

7050 16.916 0.069

7080 16.916 0.069 6.0
7110 16.916 0.069

7140 16.778 0.207

7170 16.985 0.000

7200 16.985 0.000

7230 17.088 -0.103

7260 16.985 0.000

7290 17.088 -0.103

7320 17.088 -0.103 6.0
7350 17.157 -0.172

7380 17.157 -0.172

7410 17.157 -0.172

7440 17.157 -0.172

7470 17.157 -0.172

7500 17.157 -0.172

7530 17.088 -0.103

7560 17.157 -0.172 6.0
7590 17.088 -0.103

7620 17.088 -0.103

7650 17.088 -0.103

7680 16.985 0.000

7710 16.985 0.000

7740 16.985 0.000

7770 16.985 0.000

7800 16.985 0.000 6.0
7830 16.985 0.000

7860 16.985 0.000

7890 16.985 0.000

7920 16.950 0.035

7950 16.950 0.035

7980 17.019 -0.034

8010 17.019 -0.034

8040 17.019 -0.034 6.0
8070 17.019 -0.034

8100 17.019 -0.034

8130 17.019 -0.034

8160 17.019 -0.034

8190 17.019 -0.034

8220 17.019 -0.034

8250 17.019 -0.034

8280 17.019 -0.034 6.0
8310 17.019 -0.034

8340 17.019 -0.034
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
8370 17.019 -0.034

8400 17.019 -0.034

8430 17.019 -0.034

8460 17.019 -0.034

8490 17.019 -0.034

8520 17.019 -0.034 6.0
8550 17.019 -0.034

8580 17.019 -0.034

8610 17.019 -0.034

8640 17.019 -0.034

8670 17.019 -0.034

8700 17.088 -0.103

8730 17.088 -0.103

8760 17.088 -0.103 6.0
8790 17.157 -0.172

8820 17.157 -0.172

8850 16.985 0.000

8880 17.226 -0.241

8910 17.226 -0.241

8940 17.226 -0.241

8970 17.226 -0.241

9000 17.157 -0.172 6.0
9030 17.157 -0.172

9060 17.088 -0.103

9090 17.088 -0.103

9120 17.019 -0.034

9150 17.019 -0.034

9180 17.019 -0.034

9210 17.019 -0.034

9240 17.019 -0.034 6.0
9270 17.019 -0.034

9300 17.019 -0.034

9330 17.019 -0.034

9360 17.019 -0.034

9390 17.019 -0.034

9420 17.019 -0.034

9450 17.019 -0.034

9480 17.019 -0.034 6.0
9510 17.019 -0.034

9540 17.019 -0.034

9570 17.019 -0.034

9600 17.019 -0.034

9630 17.019 -0.034

9660 17.019 -0.034

9690 17.019 -0.034
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
9720 17.019 -0.034 6.0
9750 17.019 -0.034
9780 17.019 -0.034
9810 17.019 -0.034
9840 17.019 -0.034
9870 17.019 -0.034
9900 17.019 -0.034
9930 17.019 -0.034
9960 17.019 -0.034 6.0
9990 17.019 -0.034
10020 17.019 -0.034
10050 17.088 -0.103
10080 17.088 -0.103

Injection rate

10098 18.605 -1.620 8.0 increased
10100 20.052 -3.067
10102 20.190 -3.205
10104 20.190 -3.205
10106 20.190 -3.205
10108 20.190 -3.205
10110 20.190 -3.205 8.0
10112 20.190 -3.205
10114 20.190 -3.205
10116 20.190 -3.205
10118 20.259 -3.274
10120 20.190 -3.205
10122 20.190 -3.205
10124 20.190 -3.205
10126 20.190 -3.205
10128 20.190 -3.205
10130 20.190 -3.205
10132 20.190 -3.205
10134 20.190 -3.205
10136 20.259 -3.274
10138 20.259 -3.274
10140 20.259 -3.274 8.0
10142 20.086 -3.101
10144 20.431 -3.446
10146 21.844 -4.859
10148 21.741 -4.756
10150 21.672 -4.687
10152 21.672 -4.687
10154 21.672 -4.687
10156 21.672 -4.687 9.0
10158 21.672 -4.687

Report DWLBC 2009/01

Phase IIb Preliminary Pumping and Injection Trials

116



Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
10160 21.672 -4.687

10162 21.672 -4.687

10164 21.775 -4.790

10166 21.775 -4.790

10168 21.775 -4.790

10170 21.775 -4.790 9.0
10172 21.775 -4.790

10174 22.673 -5.688

10176 22.949 -5.964

10178 23.052 -6.067

10180 23.052 -6.067

10182 23.156 -6.171

10184 23.156 -6.171

10186 23.294 -6.309 10.0
10188 23.294 -6.309

10190 23.363 -6.378

10192 23.363 -6.378

10194 23.466 -6.481

10196 23.466 -6.481

10198 23.466 -6.481

10200 23.466 -6.481 10.0
10202 23.535 -6.550

10204 23.535 -6.550

10206 23.535 -6.550

10208 23.535 -6.550

10210 23.535 -6.550

10212 23.604 -6.619

10214 23.604 -6.619

10216 23.604 -6.619

10218 23.604 -6.619

10220 23.604 -6.619

10222 23.673 -6.688

10224 23.673 -6.688

10226 23.673 -6.688

10228 23.673 -6.688

10230 23.673 -6.688 10.0
10232 23.673 -6.688

10234 23.673 -6.688

10236 23.673 -6.688

10238 23.673 -6.688

10240 23.535 -6.550

10242 23.707 -6.722

10244 23.707 -6.722

10246 23.707 -6.722

10248 23.707 -6.722
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s)

10250
10252
10254
10256
10258
10260
10262
10264
10266
10268
10270
10272
10274
10276
10278
10280
10282
10284
10286
10288
10290
10292
10294
10296
10298
10300
10302
10304
10306
10308
10310
10312
10314
10316
10318
10320
10322
10324
10326
10328
10330
10332
10334
10336
10338
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23.707
23.707
23.707
23.707
23.776
26.533
26.637
26.706
26.706
26.878
26.981
27.050
27.154
27.222
27.222
27.326
27.326
27.326
27.429
27.429
27.429
27.498
27.395
27.567
27.567
27.567
27.567
27.498
27.602
27.602
27.602
27.602
27.602
27.602
27.602
27.602
27.602
27.671
27.671
27.671
27.671
27.671
27.671
27.671
27.671

-6.722
-6.722
-6.722
-6.722
-6.791
-0.548
-9.652
-9.721
-9.721
-9.893
-9.996
-10.065
-10.169
-10.237
-10.237
-10.341
-10.341
-10.341
-10.444
-10.444
-10.444
-10.513
-10.410
-10.582
-10.582
-10.582
-10.582
-10.513
-10.617
-10.617
-10.617
-10.617
-10.617
-10.617
-10.617
-10.617
-10.617
-10.686
-10.686
-10.686
-10.686
-10.686
-10.686
-10.686
-10.686

12.0

12.0

Comment
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s)

10340
10342
10344
10346
10348
10350
10352
10354
10356
10358
10360
10362
10364
10366
10368
10370
10372
10374
10376
10378
10380
10382
10384
10386
10388
10390
10392
10394
10396
10398
10400
10402
10404
10406
10408
10410
10412
10414
10416
10418
10420
10422
10424
10426
10428
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27.671
27.671
27.671
27.671
27.671
27.671
27.671
27.671
27.671
27.671
27.774
27.671
27.739
27.636
27.774
27.774
27.774
27.774
27.774
27.705
27.774
27.774
27.774
27.671
27.739
27.739
27.739
27.739
27.671
27.671
27.671
27.739
27.739
27.671
27.671
27.567
27.567
27.567
27.395
27.395
27.291
27.188
27.188
27.050
27.050

-10.686
-10.686
-10.686
-10.686
-10.686
-10.686
-10.686
-10.686
-10.686
-10.686
-10.789
-10.686
-10.754
-10.651
-10.789
-10.789
-10.789
-10.789
-10.789
-10.720
-10.789
-10.789
-10.789
-10.686
-10.754
-10.754
-10.754
-10.754
-10.686
-10.686
-10.686
-10.754
-10.754
-10.686
-10.686
-10.582
-10.582
-10.582
-10.410
-10.410
-10.306
-10.203
-10.203
-10.065
-10.065

12.0

12.0

Comment
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment

10430 26.981 -9.996

10432 25.775 -8.790

10434 25.637 -8.652

10436 25.534 -8.549

10438 25.465 -8.480
Changed filter to 200

10440 25.327 -8.342 10.0 micron
dropped rate back to

10442 22.846 -5.861 10 L/s
for 15 minutes then

10444 21.810 -4.825 back to

10446 22.122 -5.137 12 L/s

10448 23.328 -6.343

10450 25.051 -8.066

10452 24.017 -7.032

10454 23.569 -6.584

10456 23.776 -6.791

10458 23.776 -6.791

10460 23.776 -6.791

10462 23.466 -6.481

10464 23.466 -6.481

10466 23.466 -6.481

10468 25.327 -8.342

10470 27.222 -10.237

10472 27.395 -10.410

10474 27.395 -10.410

10476 27.395 -10.410

10478 27.395 -10.410

10480 27.395 -10.410

10482 27.395 -10.410

10484 27.395 -10.410

10486 27.395 -10.410

10488 27.395 -10.410

10490 27.395 -10.410

10492 27.395 -10.410

10494 27.705 -10.720

10496 27.705 -10.720

10498 27.705 -10.720

10500 27.705 -10.720

10502 27.705 -10.720

10504 27.774 -10.789

10506 27.774 -10.789

10508 27.774 -10.789

10510 27.705 -10.720

10512 27.705 -10.720
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s)

10514
10516
10518
10520
10530
10540
10550
10560
10570
10580
10590
10600
10610
10620
10630
10640
10650
10660
10670
10680
10690
10700
10710
10720
10730
10740
10750
10760
10770
10780
10790
10800
10810
10820
10830
10840
10850
10860
10870
10880
10890
10900
10910
10920
10930
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27.705
27.705
27.705
27.705
27.705
27.705
27.705
27.705
27.705
27.705
27.705
27.705
27.705
27.705
27.774
27.705
27.774
27.705
27.774
27.705
27.705
27.774
27.774
27.774
27.774
27.774
27.774
27.774
27.774
27.739
27.739
27.808
27.808
27.808
27.808
27.808
27.808
27.808
27.808
27.808
27.808
27.808
27.877
27.877
27.808

-10.720
-10.720
-10.720
-10.720
-10.720
-10.720
-10.720
-10.720
-10.720
-10.720
-10.720
-10.720
-10.720
-10.720
-10.789
-10.720
-10.789
-10.720
-10.789
-10.720
-10.720
-10.789
-10.789
-10.789
-10.789
-10.789
-10.789
-10.789
-10.789
-10.754
-10.754
-10.823
-10.823
-10.823
-10.823
-10.823
-10.823
-10.823
-10.823
-10.823
-10.823
-10.823
-10.892
-10.892
-10.823

12.0

Comment
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s)

10940
10950
10960
10970
10980
10990
11000
11010
11020
11030
11040
11050
11060
11070
11080
11090
11100
11110
11120
11130
11140
11150
11160
11170
11180
11190
11200
11210
11220
11230
11240
11250
11260
11270
11280
11290
11300
11310
11320
11330
11340
11350
11360
11370
11380
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27.877
27.877
27.877
27.877
27.877
27.946
27.877
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
27.946
28.015
27.946
27.946
27.946
27.946
27.946
27.946
27.946
28.015
28.015
28.015
28.015
28.015

-10.892
-10.892
-10.892
-10.892
-10.892
-10.961
-10.892
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-11.030
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-10.961
-11.030
-11.030
-11.030
-11.030
-11.030

12.0

Comment
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
11390 28.015 -11.030

11400 28.015 -11.030 12.0
11410 28.015 -11.030

11420 28.015 -11.030

11450 28.015 -11.030

11480 28.015 -11.030

11510 28.050 -11.065

11540 27.981 -10.996

11570 27.981 -10.996

11572 27.981 -10.996

11574 27.981 -10.996

11612 28.015 -11.030

11642 28.015 -11.030 12.0
11672 28.015 -11.030

11702 28.015 -11.030

11732 28.119 -11.134

11762 28.119 -11.134

11792 28.119 -11.134

11822 28.119 -11.134

11852 28.119 -11.134

11882 28.119 -11.134 12.0
11912 28.119 -11.134

11942 28.119 -11.134

11972 28.119 -11.134

12002 28.119 -11.134

12032 28.119 -11.134

12062 28.119 -11.134

12092 28.119 -11.134

12122 28.119 -11.134 12.0
12152 28.119 -11.134

12182 28.119 -11.134

12212 28.119 -11.134

12242 28.119 -11.134

12272 28.119 -11.134

12302 28.119 -11.134

12332 28.119 -11.134

12362 28.119 -11.134 12.0
12392 28.187 -11.202

12422 28.187 -11.202

12452 28.187 -11.202

12482 28.187 -11.202

12512 28.187 -11.202

12542 28.187 -11.202

12572 28.187 -11.202

12602 28.187 -11.202 12.0
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Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
12632 28.187 -11.202

12662 28.187 -11.202

12692 28.187 -11.202

12722 28.187 -11.202

12752 28.256 -11.271

12782 28.187 -11.202

12812 28.187 -11.202

12842 28.187 -11.202 12.0
12872 28.256 -11.271

12902 28.256 -11.271

12932 28.256 -11.271

12962 28.256 -11.271

12992 28.256 -11.271

13022 28.256 -11.271

13052 28.187 -11.202

13082 28.187 -11.202 12.0
13112 28.291 -11.306

13142 28.291 -11.306

13172 28.291 -11.306

13202 28.291 -11.306

13232 28.291 -11.306

13262 28.291 -11.306

13292 28.291 -11.306

13322 28.291 -11.306 12.0
13352 28.291 -11.306

13382 28.291 -11.306

13412 28.360 -11.375

13442 28.360 -11.375

13472 28.360 -11.375

13502 28.360 -11.375

13532 28.360 -11.375

13562 28.291 -11.306 12.0
13592 28.291 -11.306

13622 28.291 -11.306

13652 28.291 -11.306

13682 28.291 -11.306

13712 28.291 -11.306

13742 28.291 -11.306

13772 28.360 -11.375

13802 28.360 -11.375 12.0
13832 28.360 -11.375

13862 28.360 -11.375

13892 28.360 -11.375

13922 28.360 -11.375

13952 28.360 -11.375

Report DWLBC 2009/01

Phase IIb Preliminary Pumping and Injection Trials

124



Time

(mins) Head above logger (m) Injection Head (m) Injection Rate (L/s) Comment
13982 28.360 -11.375

14012 28.360 -11.375

14042 28.360 -11.375 12.0

14072 28.429 -11.444

14102 28.429 -11.444

14132 28.360 -11.375

14162 28.498 -11.513

14192 28.498 -11.513

14222 28.498 -11.513

14252 28.429 -11.444

14282 28.429 -11.444 12.0

14312 28.429 -11.444

14342 28.429 -11.444

14372 28.429 -11.444

14402 28.429 -11.444 Pump stopped
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UNITS OF MEASUREMENT

Units of measurement commonly used (S| and non-Sl Australian legal)

Name of unit Symbol Definition in terms of other Quantity
metric units

day d 24 h time interval
gigalitre GL 10° m® volume
gram g 107 kg mass
hectare ha 10* m? area
hour h 60 min time interval
kilogram kg base unit mass
kilolitre kL 1m? volume
kilometre km 10°m length
litre L 10°m? volume
megalitre ML 10° m® volume
metre m base unit length
microgram ug 10°g mass
microlitre pL 10° m® volume
milligram mg 10 g mass
millilitre mL 10° m° volume
millimetre mm 10°m length
minute min 60 s time interval
second s base unit time interval
tonne t 1000 kg mass
year y 365 or 366 days time interval

Shortened forms

~ approximately equal to pH acidity

agl above ground level ppb parts per billion

bgs below ground surface ppm parts per million

bal below ground level PSD particle size distribution

DO Dissolved oxygen PVC polyvinyl chloride

EC electrical conductivity (uS/cm) TDS total dissolved solids

FRP fibreglass reinforced plastic

ID Internal diameter

K hydraulic conductivity (m/d)

ORP oxidation-reduction potential
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GLOSSARY

Ambient — The background level of an environmental parameter (e.g. a measure of water quality
such as salinity)

Ambient water monitoring — All forms of monitoring conducted beyond the immediate influence of a
discharge pipe or injection well, and may include sampling of sediments and living resources

Ambient water quality — The overall quality of water when all the effects that may impact upon the
water quality are taken into consideration

Aquiclude — In hydrologic terms, a formation that contains water but cannot transmit it rapidly
enough to furnish a significant supply to a well or spring

Aquifer — An underground layer of rock or sediment that holds water and allows water to percolate
through

Aquifer, confined — Aquifer in which the upper surface is impervious (see ‘confining layer’) and the
water is held at greater than atmospheric pressure; water in a penetrating well will rise above the
surface of the aquifer

Aquifer test — A hydrological test performed on a well, aimed to increase the understanding of the
aquifer properties, including any interference between wells, and to more accurately estimate the
sustainable use of the water resources available for development from the well

Aquifer, unconfined — Aquifer in which the upper surface has free connection to the ground surface
and the water surface is at atmospheric pressure

Aquitard — A layer in the geological profile that separates two aquifers and restricts the flow between
them

ASR — Aquifer Storage and Recovery; involves the process of recharging water into an aquifer for the
purpose of storage and subsequent withdrawal; also known as aquifer storage and retrieval

Artesian — An aquifer in which the water surface is bounded by an impervious rock formation; the
water surface is at greater than atmospheric pressure, and hence rises in any well which penetrates
the overlying confining aquifer

Artificial recharge — The process of artificially diverting water from the surface to an aquifer; artificial
recharge can reduce evaporation losses and increase aquifer yield; see also ‘natural recharge’,
‘aquifer’

Baseflow — The water in a stream that results from groundwater discharge to the stream; often
maintains flows during seasonal dry periods and has important ecological functions

Basin — The area drained by a major river and its tributaries

Bgs — below ground surface

Biodiversity — (1) The number and variety of organisms found within a specified geographic region.
(2) The variability among living organisms on the earth, including the variability within and between
species and within and between ecosystems

Bore — See ‘well’

Catchment — That area of land determined by topographic features within which rainfall will
contribute to run-off at a particular point

Cone of depression — An inverted cone-shaped space within an aquifer caused by a rate of
groundwater extraction that exceeds the rate of recharge; continuing extraction of water can extend
the area and may affect the viability of adjacent wells, due to declining water levels or water quality

Confining layer — A rock unit impervious to water, which forms the upper bound of a confined
aquifer; a body of impermeable material adjacent to an aquifer; see also ‘aquifer, confined’
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Contaminant — A material added by humans or natural activities that may, in sufficient
concentrations, render the environment unacceptable for biota; the presence of these materials is not
necessarily harmful

CSIRO — Commonwealth Scientific and Industrial Research Organisation
DEH — Department for Environment and Heritage (Government of South Australia)

Diversity — The distribution and abundance of different kinds of plant and animal species and
communities in a specified area

DO — Dissolved Oxygen
DOC — Dissolved Organic Carbon

Domestic purpose — The taking of water for ordinary household purposes; includes the watering of
land in conjunction with a dwelling not exceeding 0.4 hectares

Dryland salinity — The process whereby salts stored below the surface of the ground are brought
close to the surface by the rising watertable. The accumulation of salt degrades the upper soil profile,
with impacts on agriculture, infrastructure and the environment.

DWLBC — Department of Water, Land and Biodiversity Conservation (Government of South
Australia)

EC — Electrical conductivity; 1 EC unit = 1 micro-Siemen per centimetre (uS/cm) measured at 25°C;
commonly used as a measure of water salinity as it is quicker and easier than measurement by TDS

Ecology — The study of the relationships between living organisms and their environment

Ecosystem — Any system in which there is an interdependence upon, and interaction between, living
organisms and their immediate physical, chemical and biological environment

Ephemeral streams or wetlands — Those streams or wetlands that usually contain water only on an
occasional basis after rainfall events. Many arid zone streams and wetlands are ephemeral.

Evapotranspiration — The total loss of water as a result of transpiration from plants and evaporation
from land, and surface water bodies

EWS — Engineering and Water Supply Department (Government of South Australia); now ‘SA Water’

Floodplain — Of a watercourse means: (1) floodplain (if any) of the watercourse identified in a
catchment water management plan or a local water management plan; adopted under the Act; or (2)
where (1) does not apply — the floodplain (if any) of the watercourse identified in a development plan
under the Development (SA) Act 1993; or (3) where neither (1) nor (2) applies — the land adjoining
the watercourse that is periodically subject to flooding from the watercourse

Fully-penetrating well — In theory this is a wellhole that is screened throughout the full thickness of
the target aquifer; in practice, any screen that is open to at least the mid 80% of a confined aquifer is
regarded as fully-penetrating

Geological features — Include geological monuments, landscape amenity and the substrate of land
systems and ecosystems

Groundwater — Water occurring naturally below ground level or water pumped, diverted and
released into a well for storage underground; see also ‘underground water’

Hydraulic conductivity (K) — A measure of the ease of flow through aquifer material: high K
indicates low resistance, or high flow conditions; measured in metres per day

Hydrogeology — The study of groundwater, which includes its occurrence, recharge and discharge
processes, and the properties of aquifers; see also ‘hydrology’

Hydrology — The study of the characteristics, occurrence, movement and utilisation of water on and
below the Earth’s surface and within its atmosphere; see also ‘hydrogeology’

Infrastructure — Artificial lakes; dams or reservoirs; embankments, walls, channels or other works;
buildings or structures; or pipes, machinery or other equipment

Injection well — An artificial recharge well through which water is pumped or gravity-fed into the
ground
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Lake — A natural lake, pond, lagoon, wetland or spring (whether modified or not) that includes part of
a lake and a body of water declared by regulation to be a lake. A reference to a lake is a reference to
either the bed, banks and shores of the lake or the water for the time being held by the bed, banks and
shores of the lake, or both, depending on the context.

Land — Whether under water or not, and includes an interest in land and any building or structure
fixed to the land

m AHD — Defines elevation in metres (m) according to the Australian Height Datum (AHD)

Monitoring — (1) The repeated measurement of parameters to assess the current status and
changes over time of the parameters measured (2) Periodic or continuous surveillance or testing to
determine the level of compliance with statutory requirements and/or pollutant levels in various media
or in humans, animals, and other living things

Native species — Any animal and plant species originally in Australia; see also ‘indigenous species’

Observation well — A narrow well or piezometer whose sole function is to permit water level
measurements

Obswell — Observation Well Network
Penetrating well — See ‘fully-penetrating well’

Perennial streams — Permanently inundated surface stream courses. Surface water flows
throughout the year except in years of infrequent drought.

Permeability — A measure of the ease with which water flows through an aquifer or aquitard,
measured in m?/d

pH — acidity

Piezometer — A narrow tube, pipe or well; used for measuring moisture in soil, water levels in an
aquifer, or pressure head in a tank, pipeline, etc

Potentiometric head — The potentiometric head or surface is the level to which water rises in a well
due to water pressure in the aquifer, measured in metres (m); also known as piezometric surface

Production well — The pumped well in an aquifer test, as opposed to observation wells; a wide-hole
well, fully developed and screened for water supply, drilled on the basis of previous exploration wells

Ramsar Convention — This is an international treaty on wetlands titled The Convention on Wetlands
of International Importance Especially as Waterfowl Habitat. It is administered by the International
Union for Conservation of Nature and Natural Resources. It was signed in the town of Ramsar, Iran in
1971, hence its common name. The convention includes a list of wetlands of international importance
and protocols regarding the management of these wetlands. Australia became a signatory in 1974.

SA Geodata — A collection of linked databases storing geological and hydrogeological data, which
the public can access through the offices of PIRSA. Custodianship of data related to minerals and
petroleum, and groundwater, is vested in PIRSA and DWLBC, respectively. DWLBC should be
contacted for database extracts related to groundwater

Specific storage (Ss) — Specific storativity; the amount of stored water realised from a unit volume of
aquifer per unit decline in head; it is dimensionless

Specific yield (Sy) — The volume ratio of water that drains by gravity, to that of total volume of the
porous medium. It is dimensionless

(S) — Storativity; storage coefficient; the volume of groundwater released or taken into storage per
unit plan area of aquifer per unit change of head; it is dimensionless

Surface water — (a) water flowing over land (except in a watercourse), (i) after having fallen as rain
or hail or having precipitated in any another manner, (ii) or after rising to the surface naturally from
underground; (b) water of the kind referred to in paragraph (a) that has been collected in a dam or
reservoir

T — Transmissivity; a parameter indicating the ease of groundwater flow through a metre width of
aquifer section (taken perpendicular to the direction of flow), measured in m?/d

TDS — Total dissolved solids, measured in milligrams per litre (mg/L); a measure of water salinity
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Tertiary aquifer — A term used to describe a water-bearing rock formation deposited in the Tertiary
geological period (1-70 million years ago)

TKN — Total Kjeldahl Nitrogen; the sum of aqueous ammonia and organic nitrogen; used as a
measure of probable sewage pollution

TN — Total nitrogen
TOC — Top of casing

Transmissivity (T) — A parameter indicating the ease of groundwater flow through a metre width of
aquifer section

TSS — Dissolved suspended solids

Turbidity — The cloudiness or haziness of water (or other fluid) caused by individual particles that are
too small to be seen without magnification, thus being much like smoke in air; measured in
Nephelometric Turbidity Units (NTU)

Underground water (groundwater) — Water occurring naturally below ground level or water
pumped, diverted or released into a well for storage underground

Watercourse — A river, creek or other natural watercourse (whether modified or not) and includes: a
dam or reservoir that collects water flowing in a watercourse; a lake through which water flows; a
channel (but not a channel declared by regulation to be excluded from the this definition) into which
the water of a watercourse has been diverted; and part of a watercourse

Water quality data — Chemical, biological, and physical measurements or observations of the
characteristics of surface and groundwaters, atmospheric deposition, potable water, treated effluents,
and wastewater, and of the immediate environment in which the water exists

Well — (1) An opening in the ground excavated for the purpose of obtaining access to underground
water. (2) An opening in the ground excavated for some other purpose but that gives access to
underground water. (3) A natural opening in the ground that gives access to underground water

Wetlands — Defined by the Act as a swamp or marsh and includes any land that is seasonally
inundated with water. This definition encompasses a number of concepts that are more specifically
described in the definition used in the Ramsar Convention on Wetlands of International Importance.
This describes wetlands as areas of permanent or periodic to intermittent inundation, whether natural
or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt,
including areas of marine water, the depth of which at low tides does not exceed six metres.
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