PO Box 788

lob (3/17 Edith Street )
INNISFAIL
: t & Queensland 4860
1 AUSTRALIA
= ?B?mqggogéses PTYLTD Phone 617 4061 3103

Fax 617 4061 8094

RL/rl: (15 Mile Groundwater Investigations)
Project No. 265
December 2018

SHIRE OF FLINDERS
15-MILE AREA GROUNDWATER INVESTIGATION S

ADDITIONAL DRILLING AND PUMPING TESTS 2018




Page 2
Project No 265 (Additional 15 Mile Groundwater Investigations 2018)

1.0 LN I @ 5 1 L O I [ P 3
2.0 SCOPE OF WORK ... e e e e e e e et e e e eaeeens 3
3.0 ELEMENTS OF THE GROUNDWATER INVESTIGATION ..o 4
00 R == B |1 gV oo = U o S 4
G022 Ao (UL 1= Gl 1= ot T o) o] o S 6
4.0 PUMPING TESTS .o e e e e et e et e e e eanas 11
R D = €= U g =12 TP 12
I TSSO 12
2 OSSPSR 13
BB (LL77-5) ..vetveeeteriereetesteseeteste sttt st st sttt e s b s b e s e b e s b e s e e bt e b e se e b e e b e s ekt e R e e Rt eE e e Rt Eene e b e R e e be e R e ne Rt nEe e e Rt be e ebenreneeneas 13
20 OSSPSR 15
Evidence of Interference between AdjaCent BOIES..........covvieieeeeieee st sne e enaeneens 16
Summary of 15-Mile Bore Sustainable PUMPING SUPPHIES .....cveceieriiieieseeseee et e e st nenaeneens 16
Derivation Of AQUITEr ParaMELErS....... ..ottt et sbe st he et e eesaesbesbesaeebe s e eneeseesbesbesbesbeeneensensans 17
5.0 AQUIFER STORAGE AN ALYSIS AND PUMPING SCHEDULE.......................... 17
5.1 VOIUMEIN AQUITEr SEOMAQE ....eceeieieitisiesteseeteesee e se s e steseeseeeesteseestesaesseeseeseenteseessessesseeseeseensessensestessessesneensesenns 17
5.2  Suggested PUMPING SCHEAUIE.........c.coiiieiee ettt s ene e e e s e se e tesaesreereeneeneeneens 18
5.3  ONgoing GroundWater M ONITOMING ......cevieeiereesereseseseeeeseeseeseeste e sseeseseesessessessessessesseessessessessessessesssensessens 18
6.0 ACKNOWLEDGEMENTS ..o 21
LIMITATIONS OF REPOR T .ottt e e e e e e et e e e e ea e e anaees 22

APPENDIX 1: DERIVATION OF AQUIFER HYDRAULIC PARAMETERS ............cccc... 23



Page 3
Project No 265 (Additional 15 Mile Groundwater Investigations 2018)

1.0 INTRODUCTION

The Shire of Flinders, centred at the town of Hughenden in North Queensland, is carrying out
investigations into the development of irrigated agriculture at the 15 Mile Reserve, to the west of
the town.

Following groundwater investigation work in 2017, the Shire of Flinders commissioned Ingham
Drilling to undertake additional drilling in the 15-Mile area during 2018. As a consequence, four
additional production bores have been installed and these have undergone pumping tests to
further assess the sustainability of groundwater as a source of water supply for irrigation
development. Pumping tests were undertaken by Kane Pumping and Irrigation (KPI) on behalf of
Ingham Dirilling.

The constraint to groundwater development that production bores should be located at least 1km
from the centre of the Flinders River to preclude triggering of the licensing conditions of the Gulf

Water Resource Plan remains current. Two of the 2018 production bores are located outside the
1km limit and the other two production bores are located within that 1km limit.

2.0 SCOPE OF WORK

The scope of work undertaken for this report was as follows:
1. Review of all the 2018 drilling information from Ingham Drilling.

2. Analyse pumping test data collected by KPI according to Australian Standard AS2368 Of
1990 and present test data and results as per AS2368 requirements.

3. Analyse results of the pump-test on the production bores and recommend long term,
sustainable pumping rates and pump intake depths.

4. Re-assess the sustainable groundwater yield of the 15-Mile area.
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3.0 ELEMENTS OF THE GROUNDWATER INVESTIGATION

3.1  Test Drilling Program

Groundwater investigation test holes were drilled in the 15-Mile area in 2018 as detailed in Table
1.

TABLE 1: BRIEF DETAILS OF 2018 GROUNDWATER INVESTIGATION TEST HOLES

Easting Northing Depth to top Thickness of

MGA94 MGA94 Site_ID Status of aquifer (m) aquifer (m)
195887 7698977 1140-2 Test hole 15 1.0
195756 7699184 1140-5 Test hole 14.5 35
195977 7698480 1140-7 Test hole 8 5.0
195770 7698257 1140-3 Test hole 17 1.0
195676 7698483 1140-8 Test hole 9.5 4.5
195938 7698574 1177-5 Test hole 12 55
195852 7698856 1179 Production bore 18.5 3.0
195871 7698459 1140-6 Production bore 11 3.0
197096 7698894 1163-4 Production bore 13.5 3.5

Strata logs were recorded for all the test boreholes. Notes of where groundwater was intersected
(if any) were recorded.

As a result of the 2018 drilling campaign, the 15-Mile alluvial aquifer has been further refined. The
drilling logs of all the test holes in the 15 Mile area were evaluated and a sand percentage
assigned to the strata within them. A higher percentage means that there was a high proportion of
sand, and or gravel, intersected. A low percentage means that the strata were mainly clay or silt.
These percentages were then contoured and assigned a colour scheme. A blue area of filled
contours indicates potentially productive aquifer. Brown areas indicate areas of little or no aquifer
potential. A potentially productive aquifer boundary was then assigned by inspection.

Figure 1 shows the re-defined area of potentially productive aquifer. The re-defined boundary of
the potentially productive aquifer represents an increase in area of about 13ha. Such re-defnition
would not have been possible without the 2018 test drilling.
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Figure 1: Re-defined Extent
15 Mile Reserve High Permeability Alluvial Aquifer
Test holes shown by a star symbol
Potentially productive  aquifer boundary shown as a dashed green line

There are too few test holes to permit confident extension of the potentially productive aquifer any
further to the east.

Figure 2 shows the locations of the production and observation bores at the 15-Mile Reserve.
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Figure 2: Locations of Production and Observation Bores
Long -term pumping rates for production bores shown adjacent to bore designation

3.2 Agquifer Description

The drilling and construction logs of the four 2018 production bores are presented in Figures 3 to
6. They reinforce that the 15 Mile Reserve alluvial aquifer (hereafter referred to as the aquifer)
consists of coarse-grained to fine-grained sand and fine-grained gravel that is intercalated with
clay bands. It is usually encountered at a depth of about 10m below ground level (bgl) and extends
to a depth of between 15 to 18m below ground level.
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Borehole No: 5496 (1177-5) Client: Flinders Shire Counci
Location: 15 Mile Reserve Date Drilled: 2/8/2018 Project No: 265
Easting: 195938 Northing: 7698574 Elevation {m):
Methed: Mud Rotary Driller: Ingham Drilling Drilling Rig:
E = : 72 E
z 2 - B J =
= = Strata Description =2 Well Construction Details 2
@ = 2 == ®
= 8 g ]
E I w
Clay - silty, brown [
— 295
Sand - clayey, brown, grey i
— 290
Clay - firm, brown i
w
5 Mo construction details -
Sand - clayey, brown svailable
- 285
Clay - firm, brown ‘ -
— 280
Mudstone - weathered, dark grey i
= 275
25— -
B — 270
30— B

Page 1 of 1 Notes:
Datum:GDAS4

Flinders Hire Council 15 Mile Project
Strata des oription compiled by driller

Figure 3: Drilling and Construct ion Log of Production Bore 5496 (1177 -5)
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i,
Borehole No: 1179 Client: Flinders Shire Bouncil}‘,‘ i
A
Location: 15 Mile Reserve Date Drilled: 5/972018 Project No: 265 ,_. *
Easting: 195852 Northing: 7698856 Elevation {m): R
Method: Mud Rotary Driller: Ingham Drilling Drilling Rig:
g - & g8 E
= 2 Zsi = = £ =
g E Strata Description g £ Well Construction Details %
8 @ g =T= z
B g o
B -
Clay - silty, brown
E — 295
5— L
Sand - 1-5mm diameter, brown
- GROUTED ANMULUS, suface | -
to 12m
— — 290
7 254mm ID Class 12 VG I
10— CASING, 0 to 18.8m L
Clay - firm, brown ! Static Water Level 5302018
T 10.5m below ground level r
g — 285
15 — . W1 a40mm borehole L
N = - L
_ = = — 280
Sand and Gravel - 1to 20mm diameter, 8 -
E brown, grey: WATER INTERCEPT = i F
20— i - Stainless stesl soreen 4mm r
= % aperture 18.6t0 21.64m
‘ o B 10mm rounded Gravel padk
— Mudstone - weathered, dark grey = = r
_ = 5 — 275
7 # * i
= - Z84mm ID Class 12 PVC
25— o ] CASING218 to27.8m r
. 2 1 Airift test from 26m depth -
i R 10Ls
E : s — 270
| Mudstone - firm, dark grey PR L
/:/:I:/t_/:f._
e T
2 e i
e e e
— LSRR 200mm borehole r
B L

Page 1 of 1 Hotes:
Datum:GDA94

Flinders Hire Council 15 Mile Project
Strata des oription compiled by driller

Figure 4 : Drilling and Construction Log of Production Bore 1179
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Borehole No: 1163-4

Location: 15 Mile Reserve

Date Drilled: 8/8/2018

Client: Flinders Shire Council
Project No: 265

Elevation {m):

Drilling Rig:

Airlift (L/s)
[Alfa incraments)

Well Construction Details

to 10m

FTHTRIS TSI FEI SIS (ST ST (SIS 18 S8 H ST ST THISI]

ni
T

3BLis

B U SO [Tl T ol T T Tol T Tl [T T [T ol T ol T Tl T Tl T T T T Tl T T T T T Tl T T T ol [ T T T TR e T TR TR T T o

R R STATATATITATE. 4 STSTH STOTE SITNIe BIRTRI]
T

GROUTED ANNULUS, suface

284mm ID Class 12 PVC
CASING, 0 to 13.5m

Static Water Level 88/2018
8.5m below ground level

— 440mm borehole

Stainless steel soesn 4mm
aperture 13.5t0 1Tm

24— 10mm rounded Gravel padk

284mm ID Class 12 PVC
CASING, 1710 23

Airlift test from 21m depth

Easting: 197096 Northing: 7698894
Method: Mud Rotary Driller: Ingham Drilling
s 3 =
£ £ Strata Description =
@ & 2
= 2
E
U_
Clay - silty, brown
Sand - 1-3mm diameter, brown, grey, dry
5_
Clay - firm, brown, grey ¥
10—
Sand - fine 1mm diameter, brown, grey;
21 WATER INTERCEPT
Sand and Gravel - Ztc 10mm diameter,
i brown, grey; WATER INTERCEPT
15
Clay - firm, brown, grey {
20—
Mudstone - weathered, dark grey
25—
Page 1 of 1 Notes:

Datum:GDAS4

Flinders Hire Council 15 Mile Project
Strata des aription compiled by driller

Figure 5: Drilling and Construction Log of Production Bore
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Borehole No: 1140-6 Client: Flinders Shire Council ’%ﬁ%
Location: 15 Mile Reserve Date Drilled: 29/3/2018 Project No: 265 3

Easting: 195871 Northing: 7698459 Elevation {m): 288
Method: Mud Rotary Driller: Ingham Drilling Drilling Rig:

Strata Description

Depth (m})
Symbol

Inflows and SYWL

Airlift (L/s)
(4Lf5 increments)

Well Construction Details

Clay and sand

JC I K TN

Sand and gravel - WATER INTERCEFPT

14m

BT T T T AT T T AT T [T T [T T TN T T TS

Mudstone - weathered, dark grey

padk

282mm
14 to 20m

T
I

[T T T T O T T (O TN T M [ T T T T B T T

— Cement grout surface o 8m

—— 289mm ID PVC Class 12
Casing 0 to 11m

I~ 440mm dismeter borehole

2mm aperture 215mm
stainkess steelscreen 11 to

7 to 10mm rounded gravel

'C Class 12 Casing

Elevation {(m)

— 285

Page 1 of 1 Hotes:
Datum:GDAS4

Flinders Hire Council 15 Mile Project
Strata des oripticn compiled by driller

Figure 6 : Drilling and Construction Log of Production Bore

1140-6
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4.0 PUMPING TESTS

Pumping tests were carried out on 1179, 5496 (1177-5), 1140-6 and 1163-4 bores in November
and December 2018. The pumping tests comprised initial 48-hour hour pumping tests on each
bore to Australian Standard AS2368, followed by either a 5-hour or 24-hour confirmatory pumping
test as necessary. All pumping tests included recovery measurement on the pumped bore and
nearby holes and/or piezometers.

Table 2 outlines brief details of the pumping tests.

TABLE 2: BRIEF DETAILS OF PUMPING TESTS

Static water
level prior to Pump suction
testing m below Discharge rate
Bore_ID Dates of test Test type m below ground level L/gs
ground level measuring
measuring point
point
1179 3 November Constant
2018 discharge 11.05 26 /.38
1140-6 5 November Constant
2018 discharge 11.0 19 4
1140-6 13 December Constant
2018 discharge 11.3 19 14.8
5496(1177-5) 1 November Constant
2018 discharge 11.5 22 4.3
5496(1177-5) 14 December Constant
2018 discharge 117 22 8.2
1163-4 13 November Constant
2018 Discharge 9.6 22 325




Page 12
Project No 265 (Additional 15 Mile Groundwater Investigations 2018)

4.1  Data Analysis

The drawdown and recovery data were analysed using Microsoft Excel for time-water level plots to
illustrate the pumping behaviour of the bores.

The water levels in the pumping bores were plotted against the time elapsed since pumping
started. The resulting charts include recovery water levels. Figures 7 to 11 show time Owater level
charts for each pump test that was performed.

1179
—o—Drawdown =#=RDD Discharge
0 12
2 10

| \ |

| N\ |

m \ |
Tevem

12 . . . L L 0
1 10 100 1000 10000 100000 1000000

Test Discharge (L/s)

DRAWDOWN AND RESIDUAL DRAWDOWN IN METRES

Log of tort/t’

Figure 7: Time Water Level Chart for Bore 1179

During this test the water level in the bore reached a level of 21.8m below the top of the casing
(btoc) which was 0.2m above the pump suction level. The pumping water level remained at 21.8m
btoc from 800 minutes into the test until 2870 minutes into the test (almost two full days). As is
usual the discharge of the pump fell in proportion to the head of water over the pump suction.

The recovery in the bore water level is deemed to be acceptable after two full days pumping.

The sustainable pumping rate for this bore in its current construction is asses sed at
between 7.52 and 8.9L/s.
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1140-6

This bore was pumped at a more or less constant discharge of 16.5L/s for 24 hours. The water
level during the pumping phase behaved as is expected for an unconfined aquifer with radial
inflow. At the conclusion of pumping the bore recovered rapidly and the aquifer showed no
evidence of being dewatered.

| —&—Drawdown =#==RDD Discharge

‘\\ L
_-—'_FH.'\ r 16
\

1 ~=
F 14
12
; F 10

4 6
v\ )

Test discharge rate (L/s)

DRAWDOWN AND RESIDUAL DRAWDOWN IN METRES
w
©

° H
F2
6 L . L . . 0
1 10 100 1000 10000 100000 1000000
Log of tort/t’

Figure 8: Time Water Level Chart for Bore 1140-6

The sustainable pumping rate for this bore is assessed at 17.5L/s.

5496 (1177-5)

Two pumping tests were carried out on this bore. The first was undertaken over 24 hours at a
discharge rate of 4.5L/s. Figure 9 shows the water level plot for this test.
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—4— Drawdown ==#=RDD

12 . L . L L
1 10 100 1000 10000 100000 1000000

DRAWDOWN AND RESIDUAL DRAWDOWN IN METRES

Log of tort/t’

Figure 9: Time Water Level Chart for Bore 5496 (1177-5) First Test

A second, confirmatory test was undertaken over 5 hours at a discharge rate of 7.5L/s. Figure 10
shows the water level plot for this test.
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—4—Drawdown =#=RDD Discharge
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w
~ o
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1 10 100 1000 10000 100000 1000000
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Figure 10: Time Water Level Chart for Bore 5496 (1177-5) Second Test

As the drawdown and recovery in both tests was deemed acceptable the sustainable pumping
rate for this bore is assessed at 12.3L/s.

1163-4

This bore was pumped at a constant discharge of 32.6L/s for 48 hours. Figure 11 shows the water
level plot for this test.

The water level during the pumping phase behaved as is expected for an unconfined aquifer with
radial inflow. At the conclusion of pumping the bore recovered rapidly and the aquifer showed no
evidence of being dewatered.

The sustainable pumping rate  for this bore is assessed at  40L/s.
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Figure 11: Time Water Level Chart for Bore 1163-4

Evidence of Interference between Adjacent Bores

There was no evidence of interference between adjacent bores during the 2018 pumping test
program. The same phenomenon was observed during the 2017 pumping test program.

The lack of interference during all the pumping tests is evidence of a high transmissivity aquifer.
Notwithstanding these conclusions, it is critical that monthly measurements of groundwater level

should be measured and recorded in the seven groundwater monitoring bores that exist in the
aquifer.

Summary of 15 -Mile Bore Sustainable Pumping Supplies

Figure 2 shows a summary of all the estimated sustainable pumping supplies from the production
bores at the 15-Mile Reserve.

The total estimated sustainable pumping supply from the production bores outside the 1km limit is
about 71L/s.

Additional assessed sustainable pumping supplies of 54L/s are available from the production
bores within the 1km limit. One of the bores within the 1km limit 0 1163-4 [J has an estimated
sustainable supply of 40L/s. This bore alone, if pumped during low electricity tariff periods (say 10
hours per day, 365 days per year) could deliver some 525ML/annum from the 5,000ML allocation
available from the Flinders River. This volume is in addition to the volume available from the five
bores outside the 1km limit.
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Derivati on of Aquifer Parameters

The drawdown data from the pumping tests were analysed using AquiferTest 2016.1 to derive
hydraulic parameters of the aquifer and permit a re-assessment of useable groundwater in aquifer
storage. Appendix 1 shows the methodology and graphical analytical solutions for the pumping
test data.

5.0 AQUIFER STORAGE ANALYSIS AND PUMPING SCHEDULE

5.1  Volume i n Aquifer Storage

The volume of groundwater in storage within the 15 Mile Reserve alluvial aquifer, has been re-
assessed.

The volume of groundwater in storage in the aquifer was assessed using the following relationship:

Total volume in storage =ADb S

Where:

A = area of aquifer

b = saturated thickness of the aquifer
S = average storativity

Table 2 outlines a summary of the estimates of useable volumes of groundwater in storage in the
15-Mile aquifer.

TABLE 3: ESTIMATES OF USEABLE VOLUMES OF GROUNDWATER IN THE 15 -MILE AQUIFER

Aquifer Area_l of Average saturated .
aquifer S 7 Volume in storage
segment thickness
segment
m? dimensionless m m® ML
Lower 890353 0.1 2.5 222588 223
permeability
High 829647 0.259 5 1074393 1074
permeability
Total 1297
Useable 1038

The total volume of groundwater in storage is 1,297ML not all of which will be available for
extraction as some groundwater remains attached to the aquifer matrix even when pumping
occurs. This is known as [dead storagel]

If it is assumed that approximately 20% of the total storage is [dead storagellthe estimated
volume of groundwater available for use outside the 1km limit is about 1,038ML, assuming
that regular annual rainfall recharge occurs




Page 18
Project No 265 (Additional 15 Mile Groundwater Investigations 2018)

5.2  Suggested Pumping Schedule

The following pumping schedule could be implemented assuming that reasonably regular rainfall
recharge occurs:

The five production bores located greater than 1km from the river could be equipped to
their sustainable pumping rates;

The five production bores located greater than 1km from the river could be pumped for up
to 10 hours per day (possibly at night to take advantage of lower electricity tariffs should
power be provided to the 15 Mile Reserve);

The aquifer would benefit from a 10-hour pumping, 14-hour recovery schedule to allow
radial recharge flow to occur and to take advgantage of low electricity tariff periods;

The five production bores located greater than 1km from the river could be pumped on this
basis for 346 days per year,

The nett draft on the aquifer under this schedule would be 1,037ML/annum which is
approximately equal to the estimated useable aquifer storage.

5.3  Ongoing Groundwater Monitoring

The success of the suggested pumping schedule depends on regular annual rainfall recharge to
the aquifer and the maintenance of adequate saturated thickness in the aquifer.

It is critical that monthly measurements of groundwater level should be measured and recorded in
the seven groundwater monitoring bores that exist in the aquifer environs (RN 91500046, RN
91500047, OB1, OB2, OB3, 1126-2 and 1126-4).

Table 2 shows the coordinates of the seven groundwater monitoring bores.

TABLE 2: COORDINATES OF GROUNDWATER MONITORING BORES

Easting Northing Site
MGA94 MGA94

195667 7698497 OB1
195873 7698464 0B2
195702 7698618 OB3
195836 7699544 91500047
195572 7698549 91500046
196165 7698596 1126-2
195840 7698868 1126-4
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Figures 12 and 13 show drilling and construction logs of the 2018 observation bores.

b B
Borehole No: Obs. Bore 1126-4 Client: Flinders Shire Gouncil‘h‘\ £ I
Location: 15 Mile Reserve Date Drilled: 23/2/2018 Project No: 265 : .—4 i
Easting: 195840 Northing: 7698868 Elevation {m): Hi=Ta
Method: Rotary Mud Driller: Ingham Drilling Drilling Rig:
g E
: Z z
= = Strata Description Well Construction Details %
g & :
]
0— —0
CLAY -silty, brown
5 -5
SAND - brown, dry
e GROUTED AMNULUS, s urface to 18m =
~ E0mm ID Class12 PVC CASING, s urface to F
18m
10 — —-10
CLAY - firm, brown
e L Static Water Level 23/2/2018 11m below =
:\. ground level
. 180mm berehole L
15— —-15
Bentonite seal
i SAND AND GRAVEL - 1o i
10mm diameter, brown, grey;
B WATER INTERCEFT F
1.5mmskots 18 to 21m
20— Emm rounded Gravel padk — =20
Airlift test 2U1s
7 MUDSTOMNE - weathered, dark i
grey

Page 1 of 1 Notes:
Datum: GDA9%4

Flinders Hire Council 15 Mile Project
Strata des oription compiled by driller

Figure 12: Drilling and Construction Log of 1126 -4
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Figure 13: Drilling and Construction Log  of 1126-2



