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1 INTRODUCTION

North East Business Park commissioned Coffey Geotechnics Pty Ltd (Coffey) to undertake a
groundwater impact assessment for the proposed development of the North East Business Park (The
Project). The Project is understood to involve the development of approximately 760ha east of the
Bruce Highway and south of the Caboolture River at Burpengary (The Site). The Project involves the
development of industrial, residential, commercial and natural/parkland areas.

The Project has the potential to impact on the local groundwater regime. Due to the nature of the
development, in particular, the construction of a marina on the south western part of the river, the
project could have permanent impacts on the water regime of the site.

This report describes the existing conditions at the site, including the nature of the aquifers,
groundwater stakeholders, groundwater regimes and groundwater chemistry. The groundwater impact
assessment was based on the analysing of available information, including historical weather data,
previous project investigations, Department of Natural Resources and Water (NRW), Queensland
Borehole Database, a desk study and field investigations. The current field program included the
drilling of 44 shallow boreholes, installations of 9 shallow and 3 deep standpipe piezometers, soil
sampling, continuous groundwater monitoring, pump testing and groundwater chemistry sampling. See
Appendix A for a detailed field work report. Locations of bore holes and piezometers are shown in
Figure 1. Table 1 summarises boreholes drilled and piezometers installed in this current study (May-
June, 2007) and Appendix B includes the bore logs. Two two-dimensional saturated-unsaturated cross-
sectional groundwater models employing SEEP/W were carried out and potential impacts of the marina
development on the groundwater flow patterns is discussed.

Coffey Geotechnics 5
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Table 1 Summary of the drilling and sampling progr ~ ams (May-June, 2007), North East Business Park, Burpengary, Queensland

BOREHOLE
soncrowe | (MGA | (oA | BoreroLE pETALs | DCATE | DEPTHFROM | GRounpwaTER  GROUNDWATER
D 1999 1999 LEVEL (M) MEASI[JEF\YEEI\I/I_ ENTS
Al 498750 7002390 Backfilled 14/05/2007 6 Yes No
PZAl 498750 7002390 Shallow Piezometer 21/05/2007 4 Yes Yes
A2 498740 7002290 Backfilled 14/05/2007 6 Yes No
A3 498730 7002190 Backfilled 14/05/2007 6 Yes No
A4 498720 7002090 Backfilled 14/05/2007 6 No No
A5 498710 7001990 Backfilled 14/05/2007 6 No No
Bl 499105 7001690 Backfilled 14/05/2007 6 No No
B2 499200 7001661 Backfilled 14/05/2007 4.5 No No
B3 499296 7001634 Backfilled 14/05/2007 6 No No
PzB3 499296 7001634 Shallow Piezometer 21/05/2007 3 Yes No
B4 499392 7001605 Backfilled 14/05/2007 5 No No
B5 499488 7001577 Backfilled 14/05/2007 6 Yes No
Coffey Geotechnics 5
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BOREHOLE
BOREHOLE E?;QZG NO(TATGHAlNG BOREHOLE DETAILS DEQTLED DEGPFISUFSS M| GROUNDWATER GFE%LJETA?;YFAF{TYER
D 1999 1999 LEVEL (M) MEASLUERYEEI\; ENTS
B6 499584 7001546 Backfilled 15/05/2007 6 Yes No
PZB6 499584 7001546 Shallow Piezometer 21/05/2007 3 Yes No
B7 499679 7001521 Backfilled 15/05/2007 6 Yes No
B8 499775 7001493 Backfilled 15/05/2007 6 No No
B9 499814 7001464 Backfilled 15/05/2007 6 No No
B10 499966 7001436 Backfilled 15/05/2007 55 Yes No
B11 500062 7001408 Backfilled 16/05/2007 6 Yes No
PzB11 500062 7001408 Shallow Piezometer 21/05/2007 2 Yes Yes
Cc2 498671 7000411 Backfilled 18/05/2007 6 Yes No
C3 498761 7000452 Backfilled 18/05/2007 3 Yes No
PzC3 498761 7000452 Shallow Piezometer 21/05/2007 2 Yes No
Cc4 498852 7000493 Backfilled 16/05/2007 4.5 No No
C5 498942 7000534 Backfilled 16/05/2007 4.5 No No
Coffey Geotechnics 6
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BOREHOLE
BOREHOLE E?;QZG NO(TATGHAlNG BOREHOLE DETAILS DEQTLED DEGPFISUFSS M| GROUNDWATER GFE%LJETA?;YFAF{TYER
D 1999 1999 LEVEL (M) MEASLUERYEEI\; ENTS
C6 499032 7000576 Backfilled 16/05/2007 4.5 No No
Cc7 499123 7000617 Backfilled 17/05/2007 4.5 Yes No
Cs8 499214 7000658 Backfilled 17/05/2007 6 Yes No
C10 499395 7000740 Backfilled 16/05/2007 6 Yes No
PzZC10 499395 7000740 Shallow Piezometer 21/05/2007 3.8 Yes No
D1 500890 6999300 Backfilled 17/05/2007 6 Yes No
D2 500874 6999399 Backfilled 17/05/2007 6 No No
PzD2 500874 6999399 Shallow Piezometer 22/05/2007 4.5 Yes Yes
D3 500858 6999498 Backfilled 17/05/2007 6 Yes No
D4 500842 6999597 Backfilled 17/05/2007 6 Yes No
D5 500826 6999696 Backfilled 17/05/2007 6 Yes No
D6 500810 6999795 Backfilled 17/05/2007 6 Yes No
D7 500794 6999894 Backfilled 16/05/2007 6 No No
Coffey Geotechnics 7
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BOREHOLE
BOREHOLE E?;QZG NO(TATGHAlNG BOREHOLE DETAILS DEQTLED DEGPFISUFSS M| GROUNDWATER GFE%LJETA?;YFAF{TYER
D 1999 1999 LEVEL (M) MEASLUERYEEI\; ENTS
D8 500778 6999992 Backfilled 16/05/2007 6 Yes No
D9 500761 7000091 Backfilled 16/05/2007 6 Yes No
D10 500745 7000190 Backfilled 16/05/2007 6 Yes No
PzZD10 500745 7000190 Shallow Piezometer 22/05/2007 3 Yes No
D11 500729 7000289 Backfilled 16/05/2007 4.5 Yes No
D12 500713 7000388 Backfilled 16/05/2007 4.5 Yes No
D13 500697 7000487 Backfilled 16/05/2007 4 No No
D14 500681 7000586 Backfilled 16/05/2007 3.3 Yes No
D15 500665 7000685 Backfilled 16/05/2007 4.6 Yes No
PzZD15 500665 7000685 Shallow Piezometer 22/05/2007 2.9 Yes No
E1l 499769 7000930 Backfilled 18/05/2007 6 Yes No
E2 499681 7000875 Backfilled 18/05/2007 6 Yes No
E3 499611 7000810 Backfilled 18/05/2007 6 No No
Coffey Geotechnics 8
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BOREHOLE
EASTING | NORTHING
DATE DEPTH FROM GROUNDWATER
BOREHOLE | (MGA (MGA BOREHOLE DETAILS DRILLED GROUND CROUNDWATER CHEMISTRY
D 1994) 1994) LEVEL
LEVEL (M) | MEASUREMENTS
Deep Standpipe
MBH11 498445 7001670 Piezometer 21/05/2007 255 Yes No
Deep Standpipe
MBH12 498300 7001125 Piezometer 23/05/2007 21 Yes Yes
Deep Standpipe
MBH13 499340 7001160 Piezometer 22/05/2007 21 Yes Yes
Existing Standpipe
EBH1 500632.18 | 7000701.43 | Piezometer unknown 9.7 Yes Yes
Existing Standpipe
EBH2 500532.54 | 6999787.75 | Piezometer unknown 10.9 Yes No

Notes: AHD: Australian Height Datum

Coffey Geotechnics
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2 TERMS OF REFERENCE

The terms of reference for the North East Business Park Groundwater Impact Assessment are
presented in the Northeast Business Park Project: Terms of Reference for an Environmental Impact
Statement prepared by the Queensland Government Coordinator-General in December 2006.

The relevant sections are 4.4.1.2 Groundwater and 4.4.2.2 Groundwater in Section 4.4 Water
Resources (see Appendix D).

3 DESCRIPTION OF EXISTING ENVIRONMENT

This description is based on the following information made available by the North East Business Park:
“North East Business Park Geotechnical Interpretative Report”, Coffey Geotechnics Pty Ltd, Jan 2007

“Geological Report on Caboolture Marina Site for Noosa Events Pty Ltd” J.E. Siemon, September 2005.
“Initial Advice Statement North East Business Park, Nolan Drive, Burpengary”, PMM Group, May 2006

“North East Business Park EPBCA Referral Submission” PMM Group, June 2006

“Caboolture River MIKE21 Flood Study North East Business Park” Parsons Brinckerhoff Australia Pty
Lts, March 2006

“Ecological Assessment Report at (a) Lot 10 on RP 902079, & (b) Lot 2 on RP 902075 Nolan Drive &
Buckley Road, Morayfield for Lensworth Group Limited” Yurrah Pty Ltd, June 2004

Email 5/6/07 containing document 20430-S North East Business Park Tide Observations from Greg
Purcell, PMM Group.

DVD NBPark Contours and Mapping — Lensworth Contours DWG file

The following information was also accessed to describe the existing environment:
Department of Natural Resources and Water (NRW), Queensland Bore Database
Geological Map, Sheet 9443, Caboolture, Geological Survey of Queensland 1919
Bureau of Meteorology Climate Data for Rainfall Stations 40035, 40774, 40979, 540242, 540245

“Dependence of Ecosystems on Groundwater and its Significance to Australia” Hatton, T & Evans, R.
1998.

Additional works were also conducted by Coffey during this study in order to describe the existing
hydrogeological environment.

3.1 Drainage and topography

The topography varies across the Site. There are four higher areas in the south-western corner with
elevations of 17.5m, 14m, 11m and 9.5m AHD. The site slopes towards the Caboolture River in the
north-east. The rest of the Site is quite flat, with surface level ranging from 1.5m to 5m AHD. A
preliminary terrain interpretation map for the Site is presented in NE Business Park Geotechnical
Interpretative Report by Coffey Geotechnics (2007) and attached in Appendix C1.

Coffey Geotechnics 10
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Raft Creek flows through the Site from the southwest corner of the Site and flows north-easterly
towards Caboolture River. There is also a man made channel that flows north-easterly towards the
Caboolture River.

Surface water flows from the higher regions in the south-west of the Site in a north-easterly direction
into the waterways and is channelled into the Caboolture River. After high rainfall the low lying areas
with thick low permeability clay units in the southern and central region of the site are subject to
flooding. The Site is also subject to flooding during high tides in the low regions along the Caboolture
River (Parsons Brinkerhoff 2006).

3.2 Rainfall and evaporation

Daily water level records were obtained from the Upper Caboolture River Station (142001) from the
Department of Natural Resources and Water, Queensland. River level data was obtained for the past
ten years. The temporal variation of river levels recorded at the Upper Caboolture River Station is
shown in Figure 2.

Rainfall and evaporation data was obtained from the Australian Bureau of Meteorology for a number of
stations within 3km of the site. The monitoring period varied from 2 years (Morayfield Alert) to 109 years
(Burpengary Ulmann Rd (see Table 2). The average monthly precipitation/average monthly evaporation
at six stations were summarised in Table 2..

Coffey Geotechnics 11
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Table 2 Average monthly precipitation, Burpengary a

nd Morayfield, Queensland

Average Monthly Precipitation (mm)

E S S
Station Name/ P 2 = 3 3
Station g S = @ & 2 = E
ID Monitoring Period = S 2 = 2 2 > o =1 [ > 3
< 0 - - - - - - P < - T Y-
Burpengary_Dale_St
540242 | (2001-2007) 106.3 | 147.3 | 77 53.1 38.9 49.2 14.3 26.8 24.8 86.4 109 117.5
Burpengary_ Rowley_ St
540245 | (2001-2007) 92.3 83.1 69.9 60.1 35.6 66 13.2 15.6 17.2 61 100.8 | 110
Burpengary_Ulmann_Rd
40035 | (1898-2007) 177.1 | 182.1 | 155.6 | 95.4 84 65.2 52.9 37.6 41.8 76 86.5 134.3
Morayfield_Mark_St
40774 | (1988-2007) 143.9 | 206.8 | 153 110.6 | 115.7 | 62 36.2 31.6 37.7 73.3 103.3 | 143.8
Morayfield_Alert
40979 (2006-2007) 74 128 93 59 34.5 92 33 61 95 19 75 75
Average across stations | 118.7 | 149.5 | 109.7 | 75.64 | 61.74 | 66.88 | 29.92 | 34.52 | 43.3 63.14 | 94.92 | 116.1
Average Monthly Evaporation (mm)
40425 | Dayboro (1997-2007) 170.5 | 140.1 | 138 98.3 89.6 67.5 82.7 102.7 | 125.3 | 156.6 | 159.8 | 183.2

Coffey Geotechnics
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3.3 Vegetation

The site is mainly cleared of vegetation. It has previously been used for agriculture and more recently
as a pine plantation. There are patches of remnant indigenous vegetation and re-growth (pines and
indigenous plants) (Yurrah, 2005).

Four indigenous flora communities were identified by Yurrah in 2005. These are Paperbark Swamp,
Tidal — Mangrove/Swamp Oak, Tidal — Saltmarsh and Bribie Island Pine Woodland. Also identified were
introduced grasses, pasture weeds, pine, and a variety of cultivated plants.

3.4 Lithology and geology

As described in J.E. Siemon’s Geological Report on Caboolture Marina Site for Noosa Events Pty Ltd
2005, The Site is underlain by Triassic Landsborough Sandstone, a sequence of sandstone, siltstone,
shale and conglomerate.

Overlying the Landsborough Sandstone is a sequence of Quartenary alluvium. The alluvium comprises
flood plain and channel sediments with proportions of sand, clay and silt. In the Northeast of the site the
alluvium is overlain by sand dune deposits.

The site geology map (Appendix C1) and the borehole logs (Appendix B) show that the soil profile on
site is made up of sands and clays. Along the Caboolture River and the tributaries across the site, the
soil profile is dominated by soft organic clays. Higher points in the south west of the site are mostly
sand, or clayey or silty sand. Close to the proposed marina area in the southeast of the site there is a
strip of dune sand.

Coffey Geotechnics (2007) also details that five samples taken from boreholes and trial pits tested
positive for acid sulphate soils. Geological cross sections from the previous Coffey Geotechnics
investigation are presented in Appendix C2. These sections show three profile lines from the proposed
marina basin area.

Four cross sections were constructed based on the data from bore holes A1-A5, B1-B11, C2-C10 and
D1-D15 drilled during this investigation (see Figures 3 to 7). Section A1-A5 shows mostly clay (sandy
clay, sandy/silty clay, silty clay, clay) units and some lenses of clayey sand underlying a thin silty clayey
sand layer. Section B1-B11 shows dominant clay units (sandy clay, sandy/silty clay, clay) and localised
sandy silty gravel and silty clayey sand zones, underlying a sand unit (sand, silty/clayey sand). Mostly
clays with some sand lenses underlying a thin layer of silty/clayey sand were observed from Section
C2-C10. Section D1-D15 shows clay units (sandy clay, silty clay, sandy-silty clay) with dominant lenses
of clayey sand, sand and silty sand and thin layer of silty sand near the ground surface.

3.5 Groundwater regimes

3.5.1 Groundwater levels

Groundwater levels at the study site were recorded manually and by using pressure transducers
equipped with data loggers. Piezometers MBH11, MBH12 and MBH13 have well screens installed at
depths between 15m and 25.5m from the ground surface. Shallow piezometers PZA1, PZB3, PZB6,
PzZB11, PZC3, PZC10, PZD2, PZD15 have well screens installed at depth between 0.5m and 5.0m (see
Table 3). Manually recorded standing water levels and water inflows observed during the drilling are

Coffey Geotechnics 13
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summarised in Table 4. Total pressure heads of PZA1, PZB11, PZD15, EBH1 and MBH13 recorded by

pressure transducers are presented in Appendix E.

Table 3 Summary of piezometer construction details,

North East Business Park, Burpengary,

Queensland
Height
Borehole of
Depth Casing
from Screen Surface | Top of above
Borehole | Borehole Date ground Interval Level Casing | ground | Groundwater
ID Details Drilled level (m) | (m) (mAHD) | (mAHD) | (m) Chemistry
Shallow
PZA1 Piezometer 21/05/2007 | 4 2.1-4.0 1.65 2.55 0.9 Yes
Shallow
PZB3 Piezometer 21/05/2007 | 3 1.5-3.0 2.35 2.56 0.21 No
Shallow
PZB6 Piezometer 21/05/2007 | 3 1.4-3.0 2.01 2.9 0.89 No
Shallow
PzB11 Piezometer 21/05/2007 | 2.8 1.3-2.8 1.71 2.31 0.6 Yes
Shallow
PzC3 Piezometer 21/05/2007 | 2 0.5-2.0 1.9 2.72 0.82 No
Shallow
PzC10 Piezometer 21/05/2007 | 3.8 1.5-3.0 1.61 2.55 0.94 No
Shallow
PzD2 Piezometer 22/05/2007 | 4.5 2.5-4.5 1.53 3.12 1.59 Yes
Shallow
PzD10 Piezometer 22/05/2007 | 3 1.5-4.0 1.65 2.03 0.38 No
Shallow
PzD15 Piezometer 22/05/2007 | 2.9 1.2-2.9 1.68 2.38 0.7 No
Deep
Standpipe 22.1-
MBH11 Piezometer 21/05/2007 | 25.5 25.5 10.94 11.72 0.78 No
Deep
Standpipe 18.0-
MBH12 Piezometer 23/05/2007 | 21 21.0 14.56 15.29 0.73 Yes
Coffey Geotechnics 14
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Height
Borehole of
Depth Casing
from Screen Surface | Top of above
Borehole | Borehole Date ground Interval Level Casing | ground | Groundwater
ID Details Drilled level (m) | (m) (mAHD) | (mAHD) | (m) Chemistry
Deep
Standpipe 15.0-
MBH13 Piezometer 22/05/2007 | 21 21.0 4.15 4.94 0.79 Yes
Existing
Standpipe
EBH1 Piezometer unknown 9.7 unknown | 2.01 2.83 0.82 Yes
Existing
Standpipe
EBH2 Piezometer unknown 10.9 unknown | 2.68 3.51 0.83 No

Notes: AHD: Australian Height Datum

Table 4 Summary of groundwater levels, North East B

usiness Park, Burpengary, Queensland

Standing Depth of
Borehole Borehole Water Level Groundwater
ID Easting | Northing Depth (m) (m bgl) Inflow (m bgl)
MBH1 500146 | 7000602.6 | 11.4 1.6
MBH2 500094 | 7000471.3 | 11.5 0.5
MBH3 500129 | 7000288.2 | 13.1
MBH4 500256 | 7000236 11.8
MBHS5 500395 | 7000253 15.2 1.5
MBHG6 500544 | 7000179 13.61 1.5
MBH7 500667 | 7000187.5 | 13 0.7
MBHS8 500735 | 7000350.3 | 14.2 1.2
MBH9 500698 | 7000482.9 | 9.6
MBH11 498445 | 7001670.9 | 25.5 1.73

Coffey Geotechnics
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Standing Depth of
Borehole Borehole Water Level Groundwater
ID Easting | Northing Depth (m) (m bgl) Inflow (m bgl)
MBH12 498301 | 7001125.7 | 21 0.29
MBH13 499338 | 7001160.5 | 21 0.79
PzAl 498750 | 7002389.5 | 4 31 2
PZB3 499291 | 7001635 3 1.48 1.5
PZB6 499584 | 7001547.9 | 3 2.31 1.4
PZB11 500061 | 7001406.6 | 2.8 1.09
PzC3 498755 | 70004515 | 2 1.8
PZC10 499396 | 7000742.9 | 3.8 0.8
PZD2 500875 | 6999400.7 | 4.5 2.2 3.5
PzZD10 500745 | 7000187.5 | 3 0.7 1.6
PZD15 500663 | 7000680.7 | 2.9 - 1.4
Al 498750 | 7002390 | 6 2.16 4
A2 498740 | 7002290 6 4.49 4.5
A3 498730 | 7002190 | 6 3.88 4
A4 498720 | 7002090 | 6 - 5.7
A5 498710 | 7001990 6 - -
B1 499105 | 7001690 | 6 - -
B2 499200 | 7001661 4.5 - -
B3 499296 | 7001634 | 6 - 1.88
B4 499392 | 7001605 5 - 1.56
B5 499488 | 7001577 6 1.67 25
B6 499584 | 7001549 6 1.59 1.6
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Standing Depth of
Borehole Borehole Water Level Groundwater
ID Easting | Northing Depth (m) (m bgl) Inflow (m bgl)
B7 499679 | 7001521 6 1.74 2.6
B8 499775 | 7001493 | 6 - -
B9 499871 | 7001464 | 6 - -
B10 499966 | 7001436 55 0.99 1.04
B11 500062 | 7001408 |6 1.29 1
Cc2 498671 | 7000411 6 1.9 1.5
C3 498761 | 7000411 |3 1.09 11
C4 498852 | 7000493 4.5 - -
C5 498942 | 7000534 4.5 - -
C6 499032 | 7000576 | 4.5 - -
c7 499123 | 700617 4.5 0.59 0.75
C8 499214 | 7000658 | 6 0.69 1.3
C10 499395 | 7000740 6 0.89 1
D1 500890 | 6999300 |6 1.89 2.2
D2 500874 | 6999399 |6 - 35
D3 500858 | 6999498 6 1.49 1.5
D4 500842 | 6999597 |6 1.09 15
D5 500826 | 6999696 6 1.19 1.8
D6 500810 | 6999795 |6 1.49 14
D7 500794 | 6999894 6 - 1.15
D8 500778 | 6999992 6 1.44 4.5
D9 500761 | 7000091 |6 1.49 2.3

Coffey Geotechnics
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Standing Depth of
Borehole Borehole Water Level Groundwater
ID Easting Northing Depth (m) (m bgl) Inflow (m bgl)
D10 500745 | 7000190 6 1.29 1.6
D11 500729 | 7000289 4.5 1.19 1.4
D12 500713 | 7000388 45 1.3 1.3
D13 500697 | 7000487 4 - -
D14 500681 | 7000586 3.3 0.99 1.15
D15 500655 | 7000685 4.6 1.29 1.7
E1l 499769 | 7000930 6 1.28 2
E2 499681 | 7000875 6 1.57 3
E3 499611 | 7000810 6 - 0.9

Notes:

Standing water Level and Depth of groundwater inflow (m bgl): measurements below ground surface.

Pressure transducers were used to record total pressure head values at five piezometers PZA1,

PzB11, PZD15, MBH9 and MBH13. The water levels were calculated from the total pressure head and
barometric pressure data obtained from the Bureau of Meteorology for the Redcliff Station, Queensland.

Water levels were plotted against time to illustrate their temporal fluctuations (see Figures 8 to 12).

Water levels recorded at shallow piezometers PZB11 and EBH1 exhibited higher variations (0.90-1.52

mAHD (0.62m) and 1.55-2.58mAHD (1.03m), respectively). Groundwater levels observed at MBH13

(deep piezometer) varied between 0.88 mAHD and 0.96 mAHD (0.08m) (see Table 5). The water levels

from June 06th, 2007 to June 28th, 2007 recorded in PZB11 and EBH1 exhibited higher fluctuations
than those in MBH13. The tide is believed to have impact on the elevated fluctuations of water levels
observed at EBH1 during 22 days of monitoring (1.03m).
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Table 5: Summary of water level monitoring using pr ~ essure transducers, North East Business

Park, Burpengary, Queensland

Time/Date Number of Water levels
measurements

Piezometers Max Min

Start End m AHD m AHD
PzAl 02:00:15 29/06/07 | 02:50:14 24/07/07 3559 0.55 0.59
PzB11 01:00:12 06/06/07 | 01:40:08 28/06/07 2919 0.90 1.52
PZD15 02:30:14 02/07/07 | 02:40:14 24/07/07 3145 0.44 0.78
EBH1 01:00:12 06/06/07 | 01:10:17 28/06/07 5990 1.55 2.58
MBH13 00:00:12 06/06/07 | 00:20:17 28/06/07 2861 0.88 0.96

Notes: AHD: Australian Height Datum

3.5.2 Water flow regime
Water flows

Surface water flows from the higher regions in the south-west of the site in a north-easterly direction
into the waterways and is directed into the Caboolture River.

The hydraulic head values were calculated for MBH11, MBH12 and MBH13 from the standing water
levels and assessed using ground surface elevations. The head values were utilised to identify the
ground water flow direction using the graphical method for three-well situation (Figure 13). The
groundwater flow direction was identified from MBH12 toward the Caboolture River. MBH12 is located
in one of the high region with the topography reached 17m.

The standing water levels observed from shallow bores are shown on the cross sections (Figures 4, 5,
6, and 7). The water levels were observed to follow the topography gently and no high hydraulic
gradient was observed in the shallow water system.

Recharge sources

The site has a history of being agricultural and pastoral land. Recharge sources may include irrigation,
precipitation, drainage channels, tidal water and river flooding. After high rainfall the low lying areas with
thick low-permeability clay units in the southern and central region of the site are subject to flooding.
The site is also subject to flooding during high tides in the low regions along the Caboolture River
(Parsons Brinkerhoff 2006).

- Precipitation: The correspondence of water level fluctuations with the rainfall events were observed at
piezometers MBH13, PZA1, PZB11. This suggested that the precipitation is one of the recharge
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sources at the site. The length of delayed time from the rainfall events to the change of water levels
depend on the infiltration rate, the lithology of the soil and rock profiles in the area. The water
accumulated in the temporary storage during the flooding events also contributes as a recharge source
to the aquifers in the region.

-Tidal effect: Piezometers installed near the Caboolture River (EBH1, Figure 12) exhibited higher
temporal variations than piezometers (i.e. PZB11, Figure 11) further inland due to the tidal effect on the
water levels. This recharge source (saline water) has impact on the water chemistry as the results of
the fresh/saline water mixing. The extent of tidal effect was not observed clearly in the water levels
recorded at piezometers PZB11, which is located approximately ~275m from the river (Figure 1).

3.6 Hydraulic rock and soil characteristics

The hydraulic properties of water bearing rock and soils at the Site were studied to aid in further
understanding of the hydrogeology of the Site and for specifying the hydraulic parameters utilising in the
groundwater models. Pumping tests were conducted at deep piezometers screened in the bedrock
(siltstone/sandstone) to estimate the transmissivity of this unit. Hydraulic conductivity values were
estimated using the grain size distribution curves of sand samples in shallow bores. The grain size
distributions are included in Appendix F.

Three deep piezometers (MBH11, MBH12 & MBH13), installed in this investigation, were test pumped
in order to assess the bedrock transmissivity. The tests were conducted from the 28th of June to the
2nd of July. Field methodology is presented in Appendix A.

Standing water levels (SWL) were measured and a pressure transducer was inserted into borehole 10m
below SWL. Pressure transducer was allowed to settle half an hour then a Proactive Mega SS Typhoon
was inserted 9m below SWL. The pump ran off a 12 volt car battery. A discharge pipe was placed
approximately 30m away from the pump.

During the pump tests pH, EC and temperature were recorded every half an hour.

Pressure heads was monitored during test pumping to record the drawdown and recovery periods. The
drawdown/recovery curves are shown in Figures 14 and 15. The transmissivity calculated from recovery
curves for MBH11 and MBH13 ranged from 1.8x10" m?/sec to 1.6x10" m?sec and 1.25x10°® m%/sec to
1.87x10° m?/sec, respectively. The calculations were based on the Theis method for estimating
Transmissivity (T) using recovery data (Schwartz and Zhang, 2003; Theis, 1935).

The hydraulic conductivity of sample NATH07S-01028, collected at D7 (1.1-1.3m) was estimated from
the grain size distribution curve by the Hazen method (Hazen, 1911). The Hazen method is applicable
for this sand sample with the effective grain size (dy) of 0.12 mm which is between 0.1 and 3.0mm. A
hydraulic conductivity value of 1.8x10™ m/s was estimated for this sample.

3.7 Groundwater chemistry

Groundwater sampling was conducted in order to obtain information as specified in the Terms of
Reference for an Environmental Impact Statement.

Field measurements included dissolved oxygen (DO), water temperature, pH, oxidation potential Eh
and conductivity. Water samples were sent to an NATA accredited laboratory (Environment Consulting
Pty Ltd.) for analysing for major anions and cations (ammonia (N), chloride, nitrate (N) and nitrite (N),
phosphate, sulphate, calcium, magnesium, potassium, sodium, alkalinity, pH and total dissolved solids).
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The results of the groundwater chemistry analyses from three water sampling rounds (Rounds 1, 2 and
3) are detailed in Appendices G1, G2 and G3.

The water chemistry analysis results were compared to the Australian Guidelines for Drinking Water
(AGDW) to identify the parameters with exceeded limit values (Table 6). The AGDW aesthetic
guidelines were listed for parameters with insufficient data to set a guideline value based on health
considerations (Ammonia, pH, total dissolved solids, sodium, dissolved oxygen). Ammonia, chloride,
pH, sulphate, sodium, total dissolved solids are parameters which did not meet the standard in water
samples collected from shallow bores (PZA1, PZB11, PZD2 and EBH1). Water samples collected at the
deep piezometer MBH13 exhibited slightly low pH values. Sodium concentrations in water samples at
MBH12 exceeded the guideline (190-220 mg/L) but the values are much less than those in shallow
bores (1800-4000 mg/L).

Groundwater samples collected at shallow piezometers PZA1, PZA11, PZD2 and EBHL1 exhibited high
levels of total dissolved solids ranging from 7100 to 8700 mg/L, which is classified as brackish water
type. Water samples collected at two deeper piezometers MBH12 (screen interval 18-21m) and
MBH13 (15-21m) exhibited lower total dissolved solids levels (360 to 840 mg/L, fresh water type) and
higher results of bicarbonate alkalinity ranging from 110 to 480 mg/L.

The high level of total dissolved solids in shallow groundwater samples indicated the surface
water/groundwater interaction in the shallow aquifer systems. Surface water sampling is recommended
to assist in the further understanding of the extent of surface water/groundwater interactions such as
the saline intrusion.

Major cations (magnesium Mg®" , calcium Ca** , sodium Na* and potassium K*) and anions (chloride
CI', sulphate SO,%, carbonate CO;> and bicarbonate HCO3) were plotted on Trilinear diagrams to
specify the hydrogeochemical classifications of groundwater samples collected at shallow and deep
piezometers (Figures 16a and 16b, Appendix G4). Concentrations of major parameters in mg/L of water
samples were converted to milliequivalent per liter (meg/L) for preparing Trilinear diagrams and then
compared to the hydrogeochemical classifications (Fetter, 2001) to identify the water chemistry types.
Water samples collected at PZA1, PZB11, PZD2 and MBH9 can be classified into the ‘chloride-sodium’
water type (Figure 16a). Water samples at MBH9 can be categorised into the ‘bicarbonate-sodium’
water type (figure 16b). Water types of samples from MBH13 varying from ‘sodium’ (Round 1), ‘sodium-
bicarbonate’ (Round 2), to sodium chloride (Round 3) water types (Appendix G4).

Schoeller diagrams were prepared at the same scale for all groundwater samples (Figures 17and 17b,
Appendix G5). These diagrams visually illustrate the trend of the temporal variations of water chemistry
from Rounds 1 to 3 and the spatial variations of water chemistry. Water samples at PZA1, PZB11,
PzZD2 and EBH1 (shallow bores) can be categorised into the water group with higher magnesium,
sodium, chloride and sulfate. Water samples at MBH12 and MBH13 (deeper bores) exhibited the trend
of lower sodium and chloride, and higher bicarbonate.

Sulphate levels in groundwater samples from shallow and deep bores ranged from 170 to 1300 mg/L
and 10 to 68 mg/L, respectively. Acid sulphate soils contain iron sulphide in an anaerobic environment.
When the soils are exposed to oxygen, the iron sulphide can react with oxygen and release iron and
sulphuric acid into the environment. Because there is no mineral source of sulphate, it is a good
indicator of the sulphide oxidation and hydrolysis (Powell, 1985). Since the neutralising does not
change the concentration of sulphate, it indicates the amount of sulphide oxidation reaction occurring
within the groundwater systems. The higher level of sulphate observed in shallow water samples may
be related to the presence of acid sulphate soils at some locations. See section 5.2.5 and Appendix H
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for locations of soil samples, which were tested positive for acid sulphate soils (ASS) (Coffey
Geotechnics, 2007).

No heavy metals or organic compounds were tested in this study.
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3.8 Groundwater stakeholders

In an attempt to identify groundwater stakeholders in the vicinity of the study site, a search of the
Department of Natural Resources and Water (NRW, Queensland) bore database was conducted for
registered groundwater bores and wells within a 3km radius of the investigation site. On analysis of the
locations of the bores identified in the NRW bore database search, it is believed these bores are all
privately owned and operated bores used for domestic or agricultural purpose.

A total of 18 bores were located within 3km of NE-Business Park (see Figure 19). Two of these bores
are located on the northern side of the Caboolture River, the rest of the bores are located on ground
that is at a higher elevation than the Site. Two bores were reported as dry in the bore database and
have not been considered in this report. Two bores were within 500m of the Site boundary.

Data obtained and analysed includes Borehole ID, location, standing water level (when drilled), and
where available groundwater quality. Pumping data, draw down and recharge at normal pumping rates
and seasonal variations of water levels were unavailable.

Table 7 presents the summary of registered boreholes obtained from this search. The complete search
results are presented in Appendix I.

Coffey Geotechnics 24
GEOTNATH18367AD-AB
18 September 2007



Groundwater Impact Assessment

Table 7 Summary of registered bores within 3km of t

he North East Business Park, Burpengary, Queensland

Geological
Reg Date Depth | Formation at SWL Conductivity Yield
Number | Easting | Northing | Drilled (m) screen depth (m) (uS/cm) Quality | (L/s) | Notes
120129 | 501431 | 6998704 | 10/02/2004 | 42.40 Dry Hole
120132 | 498183 | 6999966 | 24/02/2004 | 37.70 | Sandstone 1.00 Potable | 0.75
120286 | 499890 | 6996612 | 07/11/2003 | 44.50 Dry Hole
120629 | 500798 | 6997904 | 12/09/2004 | 42.00 | Sandstone 3.00 220.00
124562 | 497876 | 6998800 | 25/04/2005 | 38.00 | Sandstone 9.00 Potable | 0.15

Monitoring

124831 | 498948 | 7004423 | 12/08/2005 | 13.50 | Sandy gravelly clay Well
133347 | 496203 | 6999073 | 30/09/2005 | 32.00 | Sandstone/Mudstone | 10.00 Potable | 0.50
133352 | 495972 | 7000757 | 02/11/2005 | 32.00 | Sandstone 12.00 Potable | 0.43
133508 | 498334 | 6999487 | 15/09/2005 | 36.00 | Sandstone 4.00 Potable | 0.42
133771 | 500547 | 6997537 | 30/01/2006 | 42.00 | Sandstone 2.00 0.12
133781 | 501447 | 6998415 | 14/02/2006 | 53.00 | Sandstone 6.00 0.20
133990 | 498150 | 6998378 | 18/07/2006 | 66.00 Dry hole
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Geological
Reg Date Depth | Formation at SWL Conductivity Yield
Number | Easting | Northing | Drilled (m) screen depth (m) (uS/cm) Quality | (L/s) | Notes
134275 | 494708 | 7000209 | 25/08/2006 | 30.00 | Sandstone 3.00 Potable | 0.37
134395 | 498656 | 7002867 | 19/10/2006 | 53.00 | Sandstone 20.00 | 150.00 0.20
134425 | 498697 | 6997344 | 24/10/2006 | 50.00 | Sandstone 12.00 Potable | 0.10
134643 | 495952 | 7000656 | 20/12/2006 | 43.00 | Sandstone 5.00 Potable | 0.25
134716 | 501213 | 7012949 | 18/01/2007 | 52.00 | Sandstone 10.00 | 400.00 0.30
134717 | 496209 | 7000022 | 19/01/2007 | 39.00 | Sandstone 10.00 | 300.00 0.30

© The State of Queensland (Department of Natural Resources, Mines and Water) 2006

Based on or contains data provided by the State of Queensland (Department of Natural Resources, Mines and Water) [2007] In consideration of
the State permitting use of this data you acknowledge and agree that the State gives no warranty in relation to the data (including accuracy,
reliability, completeness, currency or suitability) and accepts no liability (including without limitation, liability in negligence) for any loss, damage or
costs (including consequential damage) relating to any use of the data. Data must not be used for direct marketing or be used in breach of the

privacy laws.

Coffey Geotechnics
GEOTNATH18367AD-AB
18 September 2007



Groundwater Impact Assessment

4 ENVIRONMENTAL VALUES

The Environmental Protection (Water) Policy (1997) defines environmental values in section 7 as:
Environmental values to be enhanced or protected
7.(1) The “environmental values” of waters to be enhanced or protected under this policy are—
(a) for a water in schedule 1, column 1—the environmental values stated in the
document opposite the water in schedule 1, column 2; or
(b) for another water—the qualities in subsection (2).
(2) The qualities are—
(a) if the water—
(i) is a pristine water—biological integrity of a pristine aquatic ecosystem; or
(ii) is not a pristine water—biological integrity of a modified aquatic ecosystem;
and
(b) suitability for recreational use; and
(c) suitability for minimal treatment before supply as drinking water;4 and
(d) suitability for agricultural use; and
(e) suitability for industrial use.
(3) However, if a natural property of the water precludes enhancement or protection of a
particular environmental value, subsection (1)(b) does not apply to the value.
(4) For subsection (1)(a), a document is taken to state environmental values for a water if it
states 1 or more values (however described) that are equivalent to a quality or qualities in

subsection (2).

Schedule 1, Column 1 refers to water not relevant to this impact assessment (Trinity Inlet Cairns).

4.1 Ecosystems

The aquatic ecosystems and potential impacts were assessed by The Ecology Lab in 2006 (The
Ecology Lab Pty Ltd., 2006).

A site walkover was conducted to identify potentially groundwater sensitive ecosystems. The Ecological
Assessment Report by Yurrah Pty Ltd ((2004) was also consulted to determine locations of ecological
communities that may be groundwater sensitive.

Paperbark Swamp and Tidal — Mangrove/Swamp Oak and Tidal — Saltmarsh communities as identified
by Yurrah Pty Ltd (2004) are potentially groundwater sensitive ecosystems. However, due to the
presence of low permeability clay units at the locations of these communities, it is believed that these
ecosystems are more likely to rely on rainfall and tidal inundation than groundwater as their main water
source.
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4.2 Drinking water

The groundwater chemistry analysis summarised in Table 6 suggests that groundwater collected from
shallow piezometers PZA1, PZA11, PZD2 and EBH1 is without significant treatment unsuitable for use
as drinking water due to the high levels of total dissolved solids ranging from 7100 to 8700 mg/L. Water
samples collected at two piezometers MBH12 (screen interval 18-21m) and MBH13 (15-21m) exhibited
lower total dissolved solids levels (360 to 840 mg/L); however, these water samples returned higher
results of bicarbonate alkalinity ranging from 110 to 480 mg/L.

It is unknown whether any of the bores identified in the NRW bore database search are currently used
for drinking water purposes.

4.3 Agricultural use

Groundwater sampled from two deep bores (MBH12 and MBH13) on slightly elevated ground on site
were analysed to have total dissolved solids in the range of 360-840mg/L. This water could be used for
irrigation and watering lawns. It is a possibility that some of the bores identified in the NRW bore
database search are used for irrigation or gardening purposes.

There are two old bores located close to the homestead on the higher ground in the northern section of
the site that are currently in use by the caretaker of the site. These bores are understood to have high
yields and the water from them is being used as drinking water for cattle.

5 IMPACT ASSESSMENT

5.1 Groundwater modelling of marina excavation

The objective of this modelling study was to simulate drawdown of groundwater pressure heads that
may develop due to the excavation of the proposed marina at NE Business Park. This section presents
a summary of the model setup and the modelling results describing the response of the groundwater
pressure heads adjacent to the proposed development.

5.1.1 Model design

Two-dimensional groundwater models were developed using finite element software — SEEP/W which
is especially suitable to simulate flow process in water saturated-unsaturated soils that are occurring at
the proposed marina area. Groundwater behaviour in SEEP/W is modelled on the basis that the flow in
a soil follows the Darcy’s law and that the hydraulic conductivity describes the ability of the pore
medium to conduct water under saturated and unsaturated conditions. The numerical models were
constructed using a generic finite element approach in SEEP/W.

Two cross-sections across the marina as shown in Figure 20 were selected for groundwater modelling.
The geometry of the models was based on borehole data reported in Coffey (2007) and the NE
Business Park Structure Plan (Cardno 2007, pers. comm.). The model of the North-South (NS) profile
stretched with a length of 1220m from the Caboolture River north of the Marina Basin to the south
boundary of the Site. With a total length of 3600m the model of the West-East (WE) profile extended
from the high ground located in the west of the Site crossing the marina basin to the east of the Site
boundary. The base of both cross sectional models was defined at RL -10m and the upper model
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boundaries were set at the surface planning level. The slope of the cut-lands is assumed as 1:3 in the
models.

The Conceptual Hydrogeological Models (CHM) of the NS and WE profile are shown in Figure 21. Clay
sand, sand, and sandstone (basement) layers were distinguished in the CHM. In Coffey (2007) it is
reported that the soils at the NS profile near the river bank and marina are mostly a sequence of clay or
sand clay, whilst in south region approximate 5m thick sand occurs under a top layer of clay and clay
sand. The sandstone/soil interface in the model is at about RL -5.5m. In the west part of the WE profile
sand clay and clay fill was modelled. In the east part of the WE profile a 1 to 3m thick sand layer was
modelled underlying a clay layer and a top layer of clay sand. The thickness of the basement
(sandstone) to the model bottom varies from 1.5m in the east to 8m in the west. In the conceptual
models both sand clay and clay sand layers are merged into one sand clay sequence.

Hydrogeological soil parameters in the CHM were selected from various study reports (this study,
Coffey, 2007; Parsons Brinckerhoff Australia Pty Ltd., 2006). The hydraulic conductivities used in the
CHM are at the higher end of the range of values reported in literature for the respective type of soils
and are believed to be conservative assumptions (Table 8).

Table 8: Hydraulic parameters used in the Conceptu  al Hydrogeological Model of the proposed
marina at NE Business Park, Burpengary.

Sand Sand Clay |Clay Sandstone
Parameters

Saturated hydraulic conductivity (m/s) 50x10-* | 1.0x10° 1.0 x 107 1.0x10°®

Volumetric Water content (%) 30 15 5 2
Compressibility of solid material (Pa-1) 1x10° 5x 10° 1x10°® 1x10™
Infiltration (mm/year) 78

Boundary conditions at the two sides of the CHM were set as constant head at the existing water level.
Recharge at the top boundary of the model region was assumed to occur at a rate of 78 mm/year (8%

of the average rainfall). Two scenarios were simulated for each profile:
Scenario 1: Dry excavation of the marina.
Scenario 2: Marina is flooded after excavation.

A free seepage boundary was set up on the surface (slope and bottom) of the marina in Scenario 1
while it was set up on the upper slope of the marina where the elevation is above the mean sea level
(MSL) in Scenario 2.
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For both scenarios groundwater pressure heads were assumed to be in equilibrium with the boundary
conditions (stationary model). This assumption is considered conservative as computed drawdown

values are expected to be significant higher for a stationary model.

5.1.2 Analysis of model results

The modelling results of the two scenarios for each cross section are shown in Figures 22 to 25. The
results are summarised the follows:

1. The modelled groundwater pressure heads in Scenario 1 of the NS profile shown in Figure 22
demonstrates that the head difference between the marina base and the model boundary at the
south side of the proposed marina is deeper than at the north site. This may be due to: a) a
near 5m deep, highly permeable sand layer at the south side of the profile; b) the water level at
the north side of the marina is close to the river water level and is approximately 4m lower than
the water head at the south boundary.

2. Pressure heads modelled in Scenario 1 of the WE profile (Figure 23) illustrates the impact of
the land-cut/fill and the marina excavation on the groundwater. The land-cut/fill has a significant
effect on the pressure heads in the west side of the profile. The computed gradient of pressure
head is very high near the slope surface of the cut-land, whilst the marina excavation affects
the groundwater level in the east side of the profile which includes western sandbank and
eastern wetland adjacent to the marina. It is believed that the modelling results are strongly
affected by: (a) the distinctly changed initial pressure heads at the west side during cut and fill;
(b) a highly permeable sand layer at the east side of the profile near the marina basin.

3. Comparing Scenario 1 results shown in Figure 22 with Scenario 2 results shown in Figure 24
for the NS profile, groundwater pressure heads in the marina banks are computed to rise after
flooding of the marina excavation to approximate mean sea level (RL 0.25m) and therefore are
predicted to remain below the original ground surface at the fill-land area.

4. Comparing Scenario 1 results (Figure 23) with Scenario 2 results (Figure 25) for the WE profile,
the recover of groundwater level in the east side of the marina will be more sensitive to the
flooding of the marina than that in the west wetland region. The water level in the far west high
land region would be affected by the land cut/fill process rather than the marina excavation.

5.2 Potential impacts and mitigation measures

5.2.1 Groundwater flow and pressure heads

The development of the North East Business Park may cause changes in groundwater flow and
recharge.

This may occur as a result of the change in land use on site. The site has a history of being agricultural
and pastoral land, recharge may have been through irrigation and precipitation and discharge may have
been facilitated by drainage channels. The transformation of the Site into a more urban landscape will
likely affect the recharge sources.

Capillary groundwater may rise at filled areas; however, this is believed not to have a major impact on
the groundwater chemistry if the fill material is not a Potential Acid Sulfate Soil (PASS). Despite
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possible alterations in flow and recharge, the groundwater is still expected to flow towards the
Caboolture River.

Groundwater pressure heads close to the marina basin (~400m) may temporarily decline during the
marina excavation with drawdown strongly depending on the duration of excavation process.

After flooding of the marina basin groundwater pressure heads are expected to be re-established with
only slight variations to the pre-development heads;

Seepage of river water into the marina could occur during dry excavation in the north bank and the east
side of the proposed marina if the contraction around these two edges of the marina is a free landed-
surface;

5.2.2 Groundwater Stakeholders

As identified in the NRW bore database search, there are a number of registered boreholes within 3km
of the study site. Two of these are on the northern side of the river and unlikely to be affected by the
development.

The remaining boreholes are located on higher ground than the study site and it is unlikely that the
proposed development will have an impact on the groundwater chemistry at these boreholes. As
discussed in Section 5.1, the groundwater levels of these boreholes may be slightly affected by the
proposed development.

5.2.3 Groundwater Sensitive Ecosystems

Potentially groundwater sensitive ecosystems and wetlands on site are not expected to be negatively
impacted by any alterations of groundwater level or quality that may occur during or after construction.

5.2.4 Subsidence

The marina excavation may cause a localised lowering of the water level. Due to the risk of this
resulting in subsidence, this needs to be considered in the design of buildings.

5.2.5 Slope stability

Cutting the high ground areas may affect the freshwater regimes adjacent to the cut areas in the west
and south regions. The high pressure gradient that may occur in the west side of the cut-land slope may
impact on the slope stability.

5.2.6 Acid Sulfate Soils

Two previous investigations have been conducted into Acid Sulfate Soils (ASS) at the site, by Coffey
Geotechnics (January 2007) and by Douglas Partners (February 2004). Both investigations conducted
soil sampling and analysis that returned positive results for ASS and potential acid sulphate soils
(PASS). The locations of soil samples, which were tested ASS positive were marked in red circles on
Appendix H. The test results indicated Landform areas C4, C5, E5 and F5 contain samples with ASS
positive (Coffey Geotechnics, 2007).

Acid sulphate soils contain iron sulphide in an anaerobic environment. When the soils are exposed to
oxygen, the iron sulphate can react with oxygen and release iron and sulphate acid into the
environment.
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During the construction/excavation phases of the Project development, the ground water levels are
lowered, especially in the dry excavation of the marina. As discussed in Section 5.2.5 and presented in
Appendix H, the soil samples at various sites were tested positive for ASS including proposed marina
area. The acid sulphate soils below the groundwater levels are stable in the anaerobic environment;
however, these soils will be exposed to the oxygen and have the potential to release sulphuric acid
when the water levels are lowered during the construction/excavation (see Section 3.7). Once released,
sulphuric acid and other toxic substances could be mobilized and enter the groundwater systems and
may then slowly migrate to the surface water bodies such as the Caboolture River.

5.2.7 Groundwater Contamination
There is no known contamination on site at the time of this investigation.

The introduction of roadways and industry to the site may result in contamination of the groundwater.
There is the potential for hydrocarbons from petrol stations and roadways to seep into groundwater and
flow into the river.

The development of the site may also result in an increase in nitrogen levels from cars and gardens, it
is believed that these contaminants will only have a localised effect on the groundwater quality as they
will most likely degrade on the way to the river.

Areas with high levels of sand may be at higher risk of contamination migration if they become
contaminated. Any unknown spillages in these areas will on long term migrate into the Caboolture
River.

Further water chemistry sampling program is recommended including the testing for hydrocarbons,
organic compounds and heavy metal scans. This additional information will be utilised as the
background data to identify any changes in the water quality as the result of the site development.

6 RECOMMENDATIONS

Based on the current investigations of the North East Business Park, the following points are

recommended:

* Monitoring of groundwater levels in existing monitoring bores adjacent to the marina during
marina excavation;

« Construction of additional two monitoring bores in the high grounds to monitor groundwater levels
during cutting/filling of the west slopes;

» Reassessing of the groundwater drawdown during construction and re-calibrating of the
numerical models;

« Conducting a surface water sampling program to establish baseline on surface water quality and
to monitor surface water quality during construction. One upstream and one downstream
sampling sites of the development are recommended;

« Developing monitoring program for groundwater chemistry to provide water quality data at the
site before and after the development;
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« Designing of the ‘Acid Soil Sulfate management plan’ to contain and neutralise any acid sulphate
soils encountered and disturbed during excavations. This management strategy will reduce the
potential impacts of the project development on the alluvial groundwater;

< Conducting of geotechnical investigations to reduce the risk of slope instability in the cut and fill
areas;

* Neutralising drainage collected from the excavation area before discharge into the natural
environment if pH values of three consecutive measurements show values below buffer capacity
of the receiving water body.

« Reducing the period of the excavation/construction phase to avoid the long period of exposure of
ASS to the oxidised environment.

7 CONCLUSIONS

The hydrogeology at the Site and pre-development ground water chemistry at selected locations within
the Site were analysed to provide the base line for identifying any future changes to the groundwater
regimes and deterioration of water quality.

Groundwater at the Site is found to be close to the surface in the low lying areas of the Site and at
some distance from the surface at the high topography in the western and southern parts of the Site.
Groundwater at the Site is flowing in general to the Northeast towards the Caboolture River.

Groundwater samples collected from shallow piezometers were classified as brackish and ‘chloride-
sodium’ water type and groundwater from deeper piezometers can be classified as fresh and
‘bicarbonate-sodium’ water type. Shallow groundwater at the Site is considered to be of low economical
value. Deep groundwater may be suitable for irrigation and stock feeding.

For the duration of the dry excavation of the marina groundwater levels close to the excavation may be
lowered from the existing levels. Groundwater levels are expected to rise to pre-excavation levels after
flooding of the excavation.

Drawdown and depletion of groundwater within a close fringe to the excavation may pose some
environment issues such as reduction in available water for groundwater dependent ecosystems and
generation of sulphuric acid during the excavation/construction periods. Drawdown can be reduced by
minimising delays during excavation/construction of the marina. An ‘Acid Soils Sulfate management
plan’ to contain and neutralise any acid sulphate soils encountered and disturbed during excavations is
recommended to reduce the potential impacts of the project development on the alluvial groundwater.
In-pit water quality need to be monitored and only water similar to the quality of the receiving water
body shall be discharged.

Elevated pressure gradient may occur in the west side cut-land slope and may have impact on the
slope stability. Geotechnical investigations are recommended to ensure the reduced risk of slope
instability;

Residual impacts have been identified and are summarised as follows.
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« Potential localised increase in soil acidity in the immediate vicinity of the marina excavation.
However, the localised decrease in soil acidity is not likely to change significantly the pH value of
the marina water.

- Drawdown of groundwater pressure heads may occur at the high grounds in the west side cut-
land slope.
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Important information about your Coffey Report

As a client of Coffey you should know that site subsurface conditions cause more construction
problems than any other factor. These notes have been prepared by Coffey to help you
interpret and understand the limitations of your report.

Your report is based on project specific criteria

" Your report has been developed on the basis of your
unique project specific requirements as understood
by Coffey and applies only 1o the site investigated.
Project criteria typically include the general nature of
the project; its size and configuration; the location of
any structures on the site; other site improvements;
the presence of underground utilities; and the additional
risk imposed by scope-of-service limitations imposed
by the client. Your report should not be used if there
are any changes to the project without first asking
Coffey to assess how factors that changed subsequent
to the date of the report affect the report's
recommendations. Coffey cannot accept responsibility
for probiems that may occur due to changed factors
if they are not consulted.

Subsurface conditions can change

Subsurface conditions are created by natural processes
and the activity of man. For example, water levels
can vary with time, fill may be placed on a site and
pollutants may migrate with time. Because a report
is based on conditions which existed at the time of
subsurface exploration, decisions should not be based
on a report whose adequacy may have been affected
by time. Consult Coffey to be advised how time may
have impacted on the project.

Interpretation of factual data

Site assessment identifies actual subsurface conditions
only at those points where samples are taken and
when they are taken. Data derived from literature
and external data source review, sampling and
subsequent laboratory testing are interpreted by
geologists, engineers or scientists to provide an
opinion about overall site conditions, their likely
impact on the proposed development and recommended
actions. Actual conditions may differ from those inferred
to exist, because no professional, no matter how
qualified, can reveal what is hidden by
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earth, rock and time. The actual interface between
materials may be far more gradual or abrupt than
assumed based on the facts obtained. Nothing can
be done to change the actual site conditions which
exist, but steps can be taken to reduce the impact of
unexpected conditions. For this reason, owners
should retain the services of Coffey through the
development stage, to identify variances, conduct
additional tests if required, and recommend solutions
to problems encountered on site.

Your report will only give
preliminary recommendations

Your report is based on the assumption that the
site conditions as revealed through selective
point sampling are indicative of actual conditions
throughout an area. This assumption cannot be
substantiated until project implementation has
commenced and therefore your report recommendations
can only be regarded as preliminary. Only Coffey,
who prepared the report, is fully familiar with the
background information needed to assess whether
or not the report's recommendations are valid and
whether or not changes should be considered as
the project develops. If another party undertakes
the implementation of the recommendations of this
report there is a risk that the report will be misinterpreted
and Coffey cannot be held responsible for such
misinterpretation.

Your report is prepared for
specific purposes and persons

To avoid misuse of the information contained in your
report it is recommended that you confer with Coffey
before passing your report on to another party who
may not be familiar with the background and the
purpose of the report. Your report should not be
applied to any project other than that originally
specified at the time the report was issued.
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Important information about your Coffey Report

Interpretation by other design professionals

Costly problems can occur when other dssign professionals
develop their plans based on misinterpretations
of a report. To help avoid misinterpretations, retain
Coffey to work with other project design professionals
who are affected by the report. Have Coffey explain
the report implications to design professionals affected
by them and then review plans and specifications
produced to see how they incorporate the report
findings.

Data should not be separated from the report*

The report as a whole presents the findings of the site
assessment and the report should not be copied in
part or altered in any way.

Logs, figures, drawings, etc. are customarily included
in our reports and are developed by scientists,
engineers or geologists based on their interpretation
of field logs (assembled by field personnel) and
laboratory evaluation of field samples. These logs eic.
should not under any circumstances be redrawn for
inclusion in other documents or separated from the
report in any way.

Geoenvironmental concerns are not at issue

Your repert is not likely to relate any findings,
conclusions, or recommendations about the poiential
for hazardous materials existing at the site unless
specifically required to do so by the client. Specialist
equipment, fechniques, and personnel are used to
perform a geoenvironmental assessment.
Ceontamination can create major health, safety and
environmental risks. If you have no information about
the potential for your site to be contaminated or creaie
an environmenial hazard, you are advised to contact
Coffey for information relating to geoenvironmental
issues.
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Rely on Coffey for additional assistance

Coffey is familiar with a variety of technigues and
approaches that can be used to help reduce risks for
all parties to a project, from design to construction. It
is common that not all approaches will be necessarily
dealt with in your site assessment report due to
concepts proposed at that time. As the project
progresses through design towards construction,
speak with Coffey to develop alternative approaches
to problems that may be of genuine benefit both in
time and cost.

Responsibility

Reporiing relies on interpretation of factual information
based on judgement and opinion and has a level of
uncertainty attached to it, which is far less exact than
the design disciplines. This has often resulied in claims
being lodged against consultants, which are unfounded.
To help prevent this problem, a number of clauses
have been developed for use in contracts, reports and
other documents. Responsibility clauses do not transfer
appropriate liabilities from Coffey to other parties but
are included to identify where Coffey's responsibilities
begin and end. Their use is intended to help all parties
involved to recognise their individual responsibilities.
Read all documents from Coffey closely and do not
hesitate to ask any questions you may have.

* For further information on this aspect reference should be
made to "Guidelines for the Provision of Geotechnical
Information in Construction Contracts" published by the
Institution of Engineers Australia, National Headquarters,
Canberra, 1987.
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Table 6 Groundwater Chemistry, North East Business Park, Burpengary, Queensland

Shallow Bores
Deep bores
PZAl PzZB11 PzD2 EBH1 MBH12 MBH13
Sampling Round/Date
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
N S S N S S & S S N S S 5 S S N S S
< Q o < o o 8 Q o < < o 8 Q < < Q o
_ S N N S & N S & & ~ & & ~ N N S S &
Analyte Units ADWG
Ammonia(N) mg/L 0.5* 7.8 7.8 8.5 3.6 4.4 4.5 0.11 0.45 0.22 0.08 0.6 0.65 0.38 5.1 0.03 0.15 0.2 0.05
Chloride mg/L 250* 3000 4100 4800 5800 6600 6800 4500 5200 4900 5500 3700 3000 82 52 38 110 110 94
Nitrate (N) mg/L 50 <0.02 <0.02 <0.02 | <0.02 | <0.02 | <0.02 0.07 <0.02 | <0.02 | <0.02 | <0.02 | <0.02 | <0.02 0.12 0.05 <0.02 | <0.02 | 0.03
Nitrite (N) mg/L 3 0.03 <0.02 <0.02 | <0.02 0.03 0.02 <0.02 0.04 <0.02 | <0.02 | <0.02 | <0.02 0.03 <0.02 | <0.02 0.1 <0.02 | 0.05
6.5-
pH mg/L 8.5* 3.5 3.9 4.6 3 4 3.9 4.6 5 4.6 6.2 6 5.8 7.1 7.7 7.1 6.4 6.7 6.3
Phosphate total (P) mg/L <0.05 0.05 <0.01 | <0.05 0.05 <0.01 [ <0.05 | <0.05 0.01 <0.05 | <0.01 <0.05 | <0.01 0.12 0.1 0.13
Sulphate (S) mg/L 500* 860 920 1000 170 190 170 1300 1100 1100 270 370 350 68 52 27 10 16 15
Total Dissolved Solids mg/L 500* 8700 9900 12000 11000 11000 12000 12000 13000 13000 10000 7100 6300 840 780 660 460 560 360
Bicarbonate Alkalinity-mg
CaCO3/L mg/L 200* <10 <10 <10 <10 <10 <10 10 <10 10 330 <10 72 360 410 480 150 200 110
Carbonate Alkalinity-mg
CaCO3/L mg/L <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Calcium mg/L 210 220 290 210 220 230 110 110 130 61 93 94 56 32 17 23 25 15
Magnesium mg/L 460 610 1200 400 370 390 370 330 410 130 210 220 28 18 18 24 22 13
Potassium mg/L 77 120 160 81 140 140 130 240 260 47 120 130 6.3 11 6.5 3.6 10 5.7
Sodium mg/L 180* 1800 2500 1900 2700 3400 3600 3800 4000 3800 3700 2400 1900 190 220 220 87 110 89
In Field Observations
Depth to Water m 3.091 2.917 2.844 1.09 0.712 1.305 2.2 1.583 1.784 2.069 1.735 2.141 5.292 5.31 4,853 2.56 2.466 | 2.545
Total Depth m 4,957 4,95 4,945 3.22 3.223 3.21 6.4 6.032 6.03 9.765 9.765 9.739 21.78 21.7 21.73 | 19.21 19.31 19.3
%
DO (épr21) >80%* 0.5 55 1.5 4.7 2.7 3.4 3.8 2.1 6 4.8 2.5 4.8 1.8 2.7 3.6 1.2 1.1 2.2
EC uS/cm 8000 14000 18270 8000 10030 19300 8000 11010 | 20600 10300 11000 10800 8600 1088 775 589 850 517
Eh mV -5.5 -50 153 41 91 181 169 218 415 -302 -70 -160 -350 -116 -26 -378 -47 -205
6.5-

pH pH Units 8.5* 3.81 3.91 4.03 3.13 3.9 3.2 4,16 4.65 4.3 5.49 5.85 5.42 6.8 6.81 6.69 6.09 6 6.03
Temp C° 20.62 27.3 19.9 21.79 20.9 19.5 20.38 21.1 19.5 21.1 22.1 21.07 21.7 22.2 2254 | 22.35 22.2 22.27

Notes:
ADWG: Australian Drinking Water Guidelines, 2000 (health guidelines);
*. Aesthetic guidelines. ADWG 2000, (no available health guidelines)
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Appendix A

Field work report



Appendix B

Borehole logs



Appendix C

Appendix C1: Geology Map (from Coffey Geotechnics, 2007)

Appendix C2: Geological cross sections (from Coffey Geotechnics, 2007)



Appendix D

Terms of Reference (from Queensland Government Coor  dinator-General, 2006)



Appendix E

Measurements of groundwater pressure heads

PZAl, PZB11, PZD15, EBH1, MBH13



Appendix F

Particle Size Distribution



Appendix G

Appendix G1: Groundwater chemistry analysis — Round 1

Appendix G2: Groundwater chemistry analysis — Round 2

Appendix G3: Groundwater chemistry analysis — Round 3
Appendix G4: Water chemistry — Trilinear Deiagrams

Appendix G5: Water chemistry — Schoeller Diagrams



Appendix H

Appendix H1: Acid sulphate soils (from Coffey Geote chnics, 2007)

Appendix H2: Acid Sulfate Soils and Preliminary Geo  technical Investigation (from
Douglas Partners, 2004)



Appendix |

Registered groundwater bores and wells, compiles fr om Queensland bore database
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