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Executive Summary

The Reedia wetlands are located on the Vasse Shelf, which is separated from the Bunbury Trough to the
east by the Busselton Fault. The area is underlain by the Leederville Formation, which in turn is
underlain on the Vasse Shelf by the Lesueur Sandstone, and in the Bunbury Trough by the Yarragadee
Formation.

The Reedia wetlands are maintained by groundwater discharge from the Vasse Member of the Leederville
Formation. In the vicinity of the wetlands the hydraulic head in the Lesueur Sandstone is higher than that
in the Vasse Member, so that the Vasse Member is recharged by upward leakage from the Lesueur
Sandstone. The Vasse Member is also recharged by direct rainfall, and by leakage through the Mowen
Member of the Leederville Formation where it overlies the Vasse Member to the east and north of the
wetlands.

Catchment modelling indicates an aggregate baseflow from the Vasse Member of 69 L/s into Adelaide
Brook and Spearwood Creek and associated wetlands north of the Blackwood River. The modelling
indicates an aggregate baseflow of 191 L/s into the creeks and wetlands to the south of the river.

Minimum aggregate creek inflow to the Blackwood River, from both north and south, is estimated at
127 L/s in February. Actual measurements of creek flow in April and May 2004 support this estimate.

Preliminary 2-D computer modelling indicates that a 5 m drawdown in the underlying Lesueur Sandstone
would result in a decline in water-table of less than 0.1 m, even in a year with no recharge from rainfall.
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Introduction SECTION 1

The Water Corporation is investigating the feasibility of abstracting groundwater for public water supply
from the Yarragadee Formation in the Southern Perth Basin. The investigations have identified several
groundwater-dependent ecosystems (GDESs) where such abstraction might cause drawdown at the water-
table.

One such area of concern is the Reedia Wetlands, which lie on both sides of the Blackwood River
upstream from Hut Pool. The locations of the wetlands are shown on Figure 1.

The wetlands are associated with perennial tributaries of the Blackwood River, where the Vasse Member
of the Leederville Formation outcrops. Structurally they are located on the Vasse Shelf, bounded by the
Busselton Fault on the east, and the Dunsborough Fault on the west. The Leederville Formation overlies
the Lesueur Sandstone on the Vasse Shelf. Drawdown in the Yarragadee Formation, which is present to
the east of the Busselton Fault, might be transmitted across the Busselton Fault and thus affect water
levels in the Lesueur Sandstone.

This study has been undertaken to refine the current hydrogeological understanding of the area, and in
particular:

e  The relationship between groundwater and the Reedia wetlands.
e  The relationship between groundwater and the perennial tributaries of the Blackwood River.

e To evaluate whether a reduction in head in the Lesueur Sandstone would affect the water-table and
associated wetlands.
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Scope of Work SECTION 2

2.1 General

The programme of work has comprised:

o Drilling and construction of eleven piezometers on five boresites, with depths ranging from 6-335 m.
o  Downhole geophysical logging of bores.

e  Laboratory measurement of vertical permeability of one core sample.

o  Palynological analysis of three samples, for age dating.

e  Chemical analysis of eleven groundwater samples.

o Identification of sources of perennial flow of tributary creeks to Blackwood River, measurement of
flow rates and electrical conductivity (EC).

e Evaluation of surface hydrology as it relates to the Reedia wetlands.

e  Ground geophysical survey consisting of 36.9 km of EM34 traversing, coupled with 37 vertical
soundings.

The locations of the bores and EM traverses are shown on Figure 2.

In an associated project, a gravity survey is being undertaken across the line of the Busselton Fault, by the
Geological Survey of Western Australia (GSWA), to investigate the nature of the strata on both sides of
the fault, and the fault itself.

2.2 Surface Water Observations

Surface water investigations were undertaken in April and May 2004, before any significant rainfall or
runoff events, to locate the sources of perennial flow in the tributaries on the north and south of the
Blackwood River. Flow rates and EC measurements were also taken along the courses of the various
tributaries; these are shown on Figure 3, superimposed on the surface geology.

The sources of the various tributaries generally correspond with the upper boundary of the VVasse Member
outcrop, indicating that this member is fully saturated.

The tributaries contribute an appreciate amount of flow to the Blackwood River, measured in excess of
100 L/s at the end of summer. The EC of the surface water commonly ranges from 400-1,000 uS/cm,
similar to values recorded from airlifted samples from piezometers screened in the Vasse Member, which
range from 140-665 mg/L TDS (equivalent to EC of 250-1,000 uS/cm). The generally higher EC values
in tributaries to the south of the river may be due to lower topographic gradients, resulting in slower
surface water flow and greater evapotranspiration.

J\JOBS\42905402\REPORTS\WATERCORP-JCB-R001.1.DOC\25-JAN-05 'URS

2-1



Scope of Work SECTION 2

2.3  Drilling and Testing Programme
The piezometers were drilled and constructed by Drilling and Grouting Services.

Seven of the piezometers (BP Nos. 58A and 58B, 62A and 62B, 64A and 64B and 65A) were drilled by
hollow-stem auger, two (BP Nos. 65B and 67C) by reverse-circulation (RC) air-coring, and two (BP Nos.
67A and 67B) by the mud-rotary method.

The auger holes were drilled at 150 mm diameter, and continuously cored in 0.75 m lengths. They were
cased with 50 mm nominal diameter (ND) Class 12 PVC tubing, slotted against the selected monitoring
interval. The tubing was installed before withdrawal of the drilling rods; after the rods were withdrawn,
the annulus was gravel-packed, and cemented at the surface.

The RC bores were drilled at 141 mm diameter and cased with 50 mm Class 12 PVC tubing. The annulus
of each piezometer was gravel packed, and cemented at the surface.

The mud-rotary bores were drilled at 216 mm diameter and cased with 100 mm ND stainless steel casing
and screen. The annulus was gravel-packed against the screen, and cemented back to ground level.

On completion piezometers were developed by airlifting until the discharged water was clear and
sediment free; the EC of the discharged water was measured at the end of development.

All piezometers are equipped with lockable steel protector caps.

The bores drilled by auger and RC were logged geophysically downhole after casing, with natural gamma
and induction logs being recorded. The mud-rotary bore was logged prior to casing, with natural gamma
and long and short normals resistivity logs being taken. Logging was undertaken by Westlog Wireline
Services.

Selected samples were sent to Western Geotechnics for measurement of vertical permeability.
Representative samples were also sent to Backhouse Biostrat Pty Ltd, for palynological examination.

Lithological logs and construction details for all bores and piezometers constructed under this programme
are included as Appendix A, together with the downhole geophysical logs in Appendix B. Photographs
of the cores recovered from boreholes drilled by hollow-stem auger are included with the corresponding
lithological log in Appendix A. Summary details are shown on Table 1 below, together with details for
pre-existing investigation and monitoring bores in the general area constructed by Water Corporation; the
2004 bores are shown in bold type on the table. The locations of the bores are shown on Figure 2.
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Scope of Work SECTION 2

2.4  Ground Geophysical Surveys

Ground electromagnetic surveys were undertaken by Fugro Ground Geophysics, comprising 36.9 km of
electromagnetic transects using an EM34 instrument in rim configuration at 40 m spacings, and 37

soundings. Traverse lines were run east-west and north-south to delineate the shallow stratigraphy of the
Leederville Formation.

The results of the geophysical surveys are discussed in Section 3.3 of this report.
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Scope of Work SECTION 2
Table 1
Bore Details — Reedia
Coordinates (MGDA94) Ground Screened _ Water Level _ )
Site ID Bore No. East North Congtartuected Ellé\?;teilon /Iﬁltcé:t/eac: (me'?;)lggragfznit) (mbgl) (MAHD) Date Fl(erl\dg/TL?S (\r(rzgllccii)
(mAHD) (mbgl)

BY/02 BP22A 347678 6235337 04/03 86.70 335.8-347.8 Cockleshell Gully 59.65 27.05 19/6/04 192 350

BY/02 BP22B 347684 6235335 04/03 86.84 65-71 Leederville (Vasse m.) 56.78 30.06 19/6/04 - Trace
BAA/02 BP26A 352268 6229771 04/03 37.22 167-173 Yarragadee (Juy3 unit) 11.16 26.06 19/6/04 215 >300
BAA/02 BP26B 352271 6229773 04/03 37.40 56.4-62.4 Leederville (Vasse m.) 12.31 25.09 19/6/04 206 40
BAA/02 BP26C 352273 6229774 04/03 37.43 17.4-23.4 Leederville (Mowen m.) 7.11 30.32 19/6/04 245 5

BZ/02 BP34A 351686 6234972 05/03 122.29 170-176 Leederville (Vasse m.) 95.69 26.60 19/6/04 415 260

BZ/02 BP34B 351682 6234970 05/03 122.25 72-78 Leederville (Mowen m.) 66.87 55.38 19/6/04 - B

BZ/02 BP34C 351683 6234971 05/03 122.32 18-24 Leederville (Mowen m.) 12.98 109.34 19/6/04 371 4.1
RW3/04 BP58A 344195 6228921 05/04 30.44 19-25 Leederville (Vasse m.) +1.65 32.09 24/6/04 141 142
RW3/04 BP58B 344197 6228921 05/04 30.36 3.2-6.2 Leederville (Vasse m.) 0.31 30.05 24/6/04 396 Trace
RW10/04 BP62A 346057 6228738 05/04 28.43 19-25 Leederville (Vasse m.) 0.74 27.69 25/6/04 269 Trace
RW10/04 BP62B 346056 6228740 05/04 28.49 5-8 Leederville (Vasse m.) 1.20 27.28 25/6/04 578 1.4
RW4/04 BP64A 344963 6224241 05/04 25.00 19-25 Leederville (Vasse m.) +0.34 25.34 25/6/04 236 1.8
RW4/04 BP64B 344965 6224241 05/04 25.03 3.5-6.5 Leederville (Vasse m.) 0.27 24.76 25/6/04 278 1.8
RW7/04 BP65A 346613 6225060 05/04 33.54 6-10 Leederville (Mowen/ 2.23 31.31 25/6/04 464 Trace

Vasse m.)

RW7/04 BP65B 346614 6225055 06/04 33.66 24-30 Leederville (Vasse m.) 5.10 28.56 25/6/04 665 100
RW1/04 BP67A 345265 6228689 06/04 77.18 323-335 Lesueur Sandstone 42.80 34.38 25/6/04 272 100
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Scope of Work SECTION 2
Table 1 (continued)
Coordinates (MGDA94) Ground Screened . Water Level . )
SiteID | Bore No. East North Constructed | Elovation otorval (me'?rc])tr)rgragro anit) (mbah) | mAHD) | Date I:I(enlndg/TLE))S (\r(rzgllg)
(mAHD) (mbgl)

RW1/04 BP67B 345267 6228690 06/04 77.23 67.8-79.8 Leederville (Vasse m.) 45.77 31.46 25/6/04 370 80

RW1/04 BP67C 345269 6228691 06/04 77.23 39.4-45.4 Leederville (Vasse m.) 38.54 38.69 25/6/04 - Trace
SC4A 341979 6223952 03/92 31.60 150-153 Lesueur Sandstone +2.91 34.51 14/4/04 220 155
SC4B 341979 6223952 03/92 31.52 18-24 Leederville (Vasse m.) 13.13 18.39 11/5/04 520 10.8
SC7A 348854 6225931 03/92 36.19 174-177 Yarragadee (Juy3 unit) 9.65 26.54 10/5/04 210 310
SC7B 348854 6225931 03/92 36.22 22.5-28.5 Leederville (Mowen/ 10.60 25.62 10/5/04 460 78

Vasse m.)

KL2A1 341958 6219114 06-07/89 42.94 402-408 Lesueur Sandstone 7.45 35.49 12/12/95 170 1,468
KL2B 341958 6219114 07/89 42.94 17-20 Lesueur Sandstone 7.41 35.53 14/04/04 120 14.4
KL2W 341958 6219114 06/89 42.78 106-112 Lesueur Sandstone 8.67 34.11 14/04/04 310 200
AB5 346060 6228711 26.47 2-3(?) Leederville (Vasse m.) 0.87 25.60 15/10/04 - -
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Geology SECTION 3

3.1 Lithology and Stratigraphy

The Reedia area is underlain in downward succession by the Leederville Formation, Lesueur Sandstone,
and the Sue Coal Measures, on the eastern margin of the Vasse Shelf. The Sue Coal Measures were not
intersected by drilling during this project.

The Leederville Formation postdates the Busselton Fault, and therefore overlies it. To the west of the
fault, the formation unconformably overlies the Lesueur Sandstone; to the east it unconformably overlies
either the Yarragadee Formation or Cockleshell Gully Formation. Two members of the Leederville
Formation are present, the upper Mowen Member, and the lower Vasse Member. The Mowen Member
occupies the higher ground to the east and north, with the Vasse Member on the lower ground along the
river and to the south of the Blackwood River (Figure 4).

The thickest section of Mowen Member encountered in the 2004 drilling programme is 23 m at site BP67.
The Mowen Member consists mainly of clay and sandy clay, carbonaceous in places, with thin interbeds
of sand and clayey sand. The sand ranges from fine-grained to gravel size.

The upper part of the Vasse Member is about 80 m thick in Bore 67A and consists of interbedded sandy
clay, clayey sand and sand and is in places micaceous and carbonaceous; some beds of soft coal were
encountered, notably at Site BP65A. In Bore 67A the relative proportions of the various lithologies are:
66 percent clayey sand, 12 percent sandy clay and 22 percent sand. Sandy interbeds range from fine to
coarse-grained, with minor gravel, and are poorly to moderately sorted, subangular to subrounded,
containing some smoky quartz.

The lower part of the Vasse Member contains more clay, and consists of clayey sand, clay, sand and
gravel, with shale interbeds. In Bore 67A the lower part of the member is about 65 m thick, and contains
the following proportions of the various lithologies: 54 percent clayey sand, 23 percent clay and 23
percent sand and gravel. The shale is commonly pyritic. The sand is poorly to moderately sorted, with
subangular to subrounded grains.

Bore 67A was the only bore drilled deep enough to encounter the Lesueur Sandstone, 180 m of the
formation being drilled. The maximum known thickness of the Lesueur Sandstone is 1,180 m (Baddock,
1995). In Bore 67A it is described as being mainly sand and sandy gravel, subangular to subrounded and
poorly sorted, with minor smoky quartz. The formation contains a few thin clay interbeds.

Diagrammatic cross-sections are included as Figure 8.

3.2 Palynological Analysis

Samples were sent to Backhouse Biostrat Pty Ltd from BP65A (4.5-5.25 m, hollow-auger core) and
BP67A (104-110 m and 132-135 m, drill cuttings).

The sample from BP65A was identified as probably Leederville Formation, and both samples from
BP67A were identified as probably Parmelia Formation. The Parmelia Formation is not thought to be
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Geology SECTION 3

present on the Vasse shelf, however, and the sampled intervals in BP67A are ascribed to the Leederville
Formation, which is slightly younger than, but still close in age to the Parmelia Formation.

The palynology report is included as Appendix C.

3.3 Geophysical Survey

EM34 profiles were undertaken at 40 m dipole separation, giving a nominal penetration depth of 30 m.
Profiles are taken with hoops in the vertical (rim) configuration, giving a horizontal dipole. EM34
soundings were conducted with 10 m, 20 m and 40 m dipole separation, giving nominal vertical
penetration of 7.5m, 15m, 30 m and 60 m. Soundings are taken with hoops in both vertical and
horizontal configurations, giving horizontal and vertical dipoles.

The apparent Electrical Conductivity (ECa) values for the traverses and soundings are depicted on
Figure 4.

In general, higher ECa values indicate more clayey strata, lower ECa values more sandy strata or laterite.
Saline groundwater would also give a higher ECa, but the shallow groundwater in the Reedia area is
expected to be fresh throughout the surveyed area. Dry sand has a lower ECa than saturated sand.

The data from the soundings has been interpreted to indicate changes in ECa with depth (from variations
in readings at the different depths of penetration); the actual thickness of the top layer cannot be reliably
estimated because of high local spatial variation in ECa so that the data could not be matched to standard
type curves. The data has been used to refine the interpretation of surface geology, in terms of boundaries
and distribution of formation outcrops.

Line RO1, running east-west to the north of the Blackwood River, indicates generally high clay content
throughout, with higher ECa values corresponding well with the more clayey Mowen Member of the
Leederville Formation, and with increasing clay content in the Mowen Member towards the eastern end
of this line.

Line RO2, running west-southwest to east-northeast, to the south of the Blackwood River, shows
generally clayey sand to the west, with very high clay content to the east, again corresponding to outcrop
of the Mowen Member.

Line R0O3, along the Brockman Highway, indicates very high clay content to the west, and with increasing
clay content at the eastern end of the line, with an intervening section of sandy clay overlying sand. This
corresponds with a inlier of Lesueur Sandstone in the central part, surrounded by overlying Vasse
Member of the Leederville Formation.

Line R0O4, running north-south along the unsealed Great North Road, passes from sandy strata in the
extreme south, corresponding to Lesueur Sandstone outcrop, across generally clayey strata (Vasse
Member), with very high clay content at the north end, where the Mowen Member overlies the Vasse
Member.
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Geology SECTION 3

Line RO5, running north-south along the unsealed Few Road, generally indicates sand and clayey sand,

corresponding to Vasse Member outcrop, with patches of higher ECa, indicating areas where the Vasse
Member contains more clay.
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Hydrogeology SECTION 4

4.1 Groundwater Levels

Groundwater levels in the Vasse Member of the Leederville Formation are shown on Figure 5, and show
flow directed towards the Blackwood River and its tributaries, west of the boundary of the outcrop of the
overlying Mowen Member.

There is a downward head from the Mowen Member to the VVasse Member, and within the VVasse Member
itself where it is overlain by the Mowen Member at Site 67, or where it is near the Mowen outcrop, at
BP65. On the lower ground, at BP58, BP62 and BP64, there is locally an upward head within the Vasse
Member, maintaining the surface wetlands, which are located within the outcrop area of the Vasse
Member.

In the area of the Reedia wetlands, water-levels in the Lesueur Sandstone are confined by the Leederville
Formation, and are about 34.4 m AHD at BP67, and 34.5 m AHD at Bore SC4 (June 2004). To the east
of the fault, levels in the Yarragadee Formation are at about 26 m AHD, as measured in June 2004 in
Bores BP26 and SC7 (Figure 6). There is thus a head difference of about 6-8 m between these two
formations across the Busselton Fault. This may be due to an intervening wedge of Cockleshell Gully
Formation, or the fault zone itself may be less permeable.

The depth to water, derived from the difference between surface elevation and water-levels in the Vasse
Member, is shown on Figure 7. This clearly delineates the discharge zones from the Vasse Member into
the surface creeks and associated wetlands. Comparison with the hydrogeological cross-sections
(Figure 8) indicates that upward heads in the Vasse Member correspond with these discharge zones.

4.2 Hydrographs

There are three operational Water and Rivers Commission monitoring sites in the general vicinity (Scott
Coastal 4 and 7, and Karridale Line 2), in which water-levels have been recorded twice-yearly for up to
15 years. These sites are shown on Figure 2, and details of relevant piezometers are included on Table 1.
The hydrographs are included as Appendix D.

Four of the piezometers (KL2A1, KL2B, KL2W and SC4A) are screened in the upper part of the Lesueur
sandstone. Except for KL2B, the hydrographs show a general seasonal variation of about 1.5 m. In 2B,
which is screened at shallow depth where the Lesueur Sandstone subcrops, the seasonal variation is about
3 m. The two shallower-screened piezometers show a declining trend, by about 1 m since 1992 in KL2B,
and about 0.6 m in KL2W since 1989. The other two piezometers, screened at a somewhat greater depth,
show no such decline.

Piezometers SC7A, screened in the Yarragadee Formation shows seasonal variation in the range 0.5-
0.75 m, and a slight declining trend, by about 0.75 m, since 1992. Rainfall at both Nannup and Warner
Glen has been below average since 1992, by 13 percent at Nannup, and 5 percent at Warner Glen, 1993,
1994, 2001 and 2003 being particularly dry years (Figure 9).
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Hydrogeology SECTION 4

Two piezometers are screened in the Leederville Formation, SC4B and SC7B. These show seasonal
variation in the range 0.5-1.0 m, and declining trends over a similar range for the last 4-5 years,
corresponding to a period of generally below-average rainfall.

Several shallow piezometers were installed in a transect across Adelaide Brook, near BP62, and water-
levels were measured in these over the period May 1998 to September 1999 (Tauss, 2000). The
piezometers in the base of the valley fluctuated between about 0.1 m above ground level to 0.2 m below
ground level over that period. Piezometer AB5, higher up the valley side, but still within wetland
vegetation, ranged in water level from 0.2 to 1.3 m below ground over the same period.

4.3  Groundwater Quality

Salinity measurements from airlifted samples are shown on Table 1 (as Total Dissolved Solids — TDS).
Salinity in the Vasse Member samples ranges from 140-665 mg/L TDS. Where there is upward head in
the Vasse Member, the shallower samples have higher salinity (BP58, 64 and 65), which probably reflects
the effect of evapotranspiration. Where there is downward head (BP65) the deeper sample has higher
salinity. Mowen Member values are within the same range, 245-371 mg/L TDS. There is no evident
spatial pattern in TDS concentrations in the Leederville Formation units.

Reported values in the vicinity for Lesueur Sandstone, up to 400 m depth, range from 120-310 mg/L
TDS. Yarragadee salinity ranges from 210-310 mg/L TDS. A sample from the Cockleshell Gully
Formation (BP22) gave a value of 192 mg/L TDS.

Major ion analyses of samples from the 2004 drilling programme are summarised in Table 2. Samples
from the Vasse Member range in salinity from 150-600 mg/L TDS, and are of sodium chloride type. The
ratio of TDS to EC varies from 0.5-0.61; the ratio shows no relationship with the salinity value.

The sample from the Lesueur Sandstone (BP67A) is also of sodium chloride type, but contains a
significant amount of bicarbonate; the groundwater is fresh (192 mg/L TDS) with TDS: EC ratio of 0.66.

Certificates of analysis are included as Appendix E.
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Hydrogeology SECTION 4
Table 2
Chemical Analyses — Reedia
Bore/Screen Sample Formation/ pH EC Na K Ca Mg Cl SO, HCO4 N Organic Al SiO, TDS Fe Mn
Interval Date Member (uS/em) | (mg/L) | (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | Carbon | (mg/L) (Sum) (mg/L) (mgl/L)
(mg/L)
58A 12/7/04 Vasse 5.3 270 39 5.0 1.0 4.6 65 9.5 9.4 <0.05 0.4 0.018 19 154 0.09 0.02
58B
(3.3-6.3) 30/5/04 Vasse 5.9 760 99 6.5 28 11 190 45 4.9 0.19 1.0 7.6 21 408
62A 30/5/04 Vasse 7.0 440 54 9 5.5 10 115 15 31 0.37 1.6 15 27 268
(18.6-24.6) ‘ ' ‘ ' '
62B
(4.9-7.9) 31/5/04 Vasse 7.2 980 165 6.5 24 14 270 25 37 1.8 1.8 105 9.1 561
64A 30/5/04 Vasse 7.2 370 51 9.5 4.8 7 90 11 30 0.18 0.8 0.34 17 222
(13.2-19.2) ‘ ‘ ' ’ ' ‘
64B
(3.5-6.5) 30/5/04 Vasse 6.8 480 68 7 4.6 7 125 13 10.7 0.57 0.6 0.75 22 262
65A
(4.0-9.6) 31/5/04 | Mowen/Vasse | 6.4 860 130 7.5 20 16 185 42 68 4.6 3.6 3.7 30 528
658 24/6/04 Vasse 5.8 1150 170 8.5 7.5 23 325 29 13.7 <0.05 0.4 11 24 601
(24.2-30.2) ’ ' ' ' ' ' '
67A 11/7/04 Lesueur 6.0 290 36 12 1.2 4.0 64 9.0 32 <0.05 14 0.01 16 192 14 0.42
67B 12/7/04 Vasse 5.1 670 100 9.0 3.6 10 175 22 12.6 0.07 1.2 0.04 24 361 0.05 0.05
67C 11/7/04 Vasse 5.4 630 90 24 10 9.5 160 23 10.7 0.085 1.8 0.16 6.8 320 0.004 0.05
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Hydrogeology SECTION 4

4.4  Carbon-14 Age Dating

Several groundwater samples from both the 2003 and 2004 phases of drilling were submitted to CSIRO
for estimates of age by Carbon-14 dating (CSIRO, February 2004 and September 2004).

The results are summarised in Table 3 below.

Table 3
Carbon-14 Dates

Bore Screen Depth Formation/Member Estimated Age (YB)
(m)

BP22A 336 — 348 Cockleshell Gully 17,500
BP26A 167 - 173 Yarragadee Juy 3 12,500
BP34A 170-176 Vasse 6,900
BP67A 323 -335 Lesueur Sandstone 22,400
BP67B 68 — 80 Vasse Modem

KL3A 235 -241 Yarragadee Juy 2 20,000
KL 3A3 1110 - 1116 Cockleshell Gully 24,000

4.5 Hydraulic Parameters Vasse Member

The hydraulic conductivity of the Vasse Member of the Leederville Formation in the Reedia area can be
estimated from several sources:

o  Drawdowns measured during Carbon 14 (C-14) sampling of Bore 67B.
e Pumping test data from other bores in the general vicinity.

e  Estimates of leakage into creeks and wetlands in the Reedia area.

e  Laboratory measurements of vertical permeability.

Bore 67B was purged for 4 hours at a rate of 80 m*/day to obtain samples for C-14 dating, with water-
level drawdowns being recorded during purging. The bore is screened over an interval of sand between
68-80 m, the sand being clayey from 78-80 m.

The bore gave a leaky artesian response, with final drawdown of 14.7 m. The estimated transmissivity is
5.1 m’/day, giving an average hydraulic conductivity of 0.4 m/day over the screened interval
(Appendix F).

Values of horizontal hydraulic conductivity in the Leederville Formation, within 35 km of the Reedia
area, have been selected from data provided by the Water Corporation, and are tabulated below.
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Hydrogeology SECTION 4
Bore Member Coordinates Test Pumping Final Hydraulic
Duration Rate Drawdown Conductivity
East North (m) (m*/day) (m) (m/day)
UMP1 JD/00 Vasse 357109 6203960 8 164 20.8 0.2-0.6
2/82 Quindalup/ 337338 6272048 8 1860 15.6 23
Vasse
AUG1/98 Vasse 333056 6207603 24 750 59 0.12
LO1 Vasse 342455 6265157 1 2226 215 1.8

The range of these values is highly variable, with an average of 1.2 m/day.

In the vicinity of piezometers where upward head is evident in the VVasse Member, an estimate of vertical
hydraulic conductivity can be derived from the amount of leakage into the various creeks and wetlands in
the Reedia area.

The vertical hydraulic conductivity (Kv) can be estimated from the formula:

_Lb

Kv = —
Ah

where: L = leakage (m*/day) = creek flow plus evapotranspiration
b = aquifer thickness (m)

A =

h = artesian head (m)

area (of wetland) m?

Creek flows were measured in April or May, and evapotranspiration is estimated at 0.8 of pan
evaporation (2 mm/day for May, 3 mm/day for April). The aquifer thickness is taken as the interval
between screened sections at the three Reedia borehole sites with upward artesian head (BP58, adjacent to
Spearwood Creek, BP62, adjacent to Adelaide Brook, and BP64, adjacent to East Reedia Creek). The
artesian head is that measured in June 2004, the reading closest in time to the creek surface flow
observations. The area of wetland, relative to the adjacent boresite and associated surface flow
measurement, is measured directly from the air photographs and topographic plans.

The value of vertical hydraulic conductivity, at each site, estimated from the above formula, is as follows:

_ (810 +280)x12.8

BP58A: (April)  Kv = 0.04m/day
118,112 x2.67

BP62A: (April) Ky = (CO0FO0)XIL 0 day
251,587 x0.43

BP64A: (May) Kv = 2,600+ 740) x12.5 = 0.07m/day

462,003x1.23
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This gives an average estimate for vertical hydraulic conductivity of 0.08 m/day.

Two samples of auger core were sent to Western Geotechnics for measurement of vertical permeability,
by the Falling Head Method (in situ tube). The results (converted from m/sec, as reported, to m/day) are
shown on Table 4 below; test certificates are included as Appendix G.

Table 4
Permeability Test Results
Tested Interval . . Vertical Permeability
Bore m) Formation Lithology (m/day)
BP58A 6.75—7.50 Vasse 2B Sandy clay 8.6 x10™
BP64A 8.50 — 8.90 Vasse 2B Sandy clay 1.1x10°

From the above estimates and measurements, bulk hydraulic conductivity values of 1.0 m/day
(horizontal) and 0.1 m/day (vertical) have been adopted for the VVasse Member, and applied to the 2D
Computer Model. For clay layers, values of 0.01 m/day (horizontal) and 0.001 m/day (vertical) have
been adopted. Vertical hydraulic conductivity in sedimentary strata is generally assumed to be 10 percent
of horizontal hydraulic conductivity, because of the effect of stratification.

4.6 Groundwater Flow Regime

The flow in the Vasse Member of the Leederville Formation in the Reedia area is directed towards the
Blackwood River, reflecting discharge along the course of the river (Figures 5 and 8). Locally
(e.g. BP58, BP62 and BP64), at or near the upper boundary of the VVasse Member, there are upward heads
within the VVasse Member, where this unit discharges into perennial creeks and associated wetlands.

There is a downward head from the Mowen Member to the Vasse Member, reflecting the general lower
permeability of the Mowen Member, and some recharge to the underlying Vasse Member. At BP67 there
is a pronounced downward head within the upper part of the Vasse Member, possibly caused by recharge
from the overlying Mowen Member being impeded by intervals of clay evident on the gamma log for this
bore.

There is a pronounced upward head from the Lesueur Sandstone to the Leederville Formation in the
vicinity of the Blackwood River and its perennial tributaries, where the water-level in the Leederville
Formation is at a lower elevation. This upward head in the Lesueur Sandstone maintains water-levels in
the overlying Leederville Formation, and in the associated wetlands.

There is potential for eastward groundwater flow across the Busselton Fault, depending on the
permeability of the fault, into the Yarragadee Formation, in which the heads are 7-8 m lower in this
vicinity.
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There is a slight upward head between the Yarragadee Formation and Leederville Formation on the east
of the Busselton Fault, indicating potential for groundwater flow from the Yarragadee Formation into the
Vasse Member.

4.7  Catchment Modelling

4.7.1 Catchment Description

The Reedia Area is made up of a series of streams and wetlands east of Hut Pool. The area was analysed
as three separate catchments — Spearwood Creek and Adelaide Brook north of the Blackwood River and
the area south of the Blackwood River. The area south of the Blackwood River is made up of two major
streams and six separate wetland areas. The total catchment area is 66 km®.

Adelaide Brook has a total catchment area of 62 km? and lies in the northeastern Reedia area. Spearwood
Creek has a catchment area of 20 km? and adjoins the Adelaide Brook catchment to the west.

Land use throughout the Reedia area is mainly native forest in reserves. There is some cleared land that is
used for agriculture to the south west.

There are no gauging station data for the Reedia area.

4.7.2 Model Set-Up and Results

Streamflows for Spearwood Creek, Adelaide Brook and for the creeks supporting wetlands south of the
Blackwood River, have been simulated using the SWAT model (Arnold et al.,, 1994). SWAT was
parameterised using the available streamflow data (long term gauging station data from the St John Brook
catchment and one-off samplings through the Reedia area), topographic and weather information.
Weather data were supplied by the Bureau of Meteorology’s SILO Data Drill (Bureau of Meteorology,
2004). Topographic information was determined from map sheets. Parameters describing runoff and
groundwater baseflow were extrapolated from St Johns Brook as there are no long-term gauging data for
the area.

The catchments simulated and points for where weather was generated are given in Figure 10.

Predicted average monthly streamflow was input into a spreadsheet-based water balance model for each
area of wetlands. In the water balance model, streamflow out of the wetlands was modelled by SWAT,
rainfall and evaporation were determined based on the area of wetlands, and groundwater inflow from the
Yarragadee Formation based on observed baseflows and adjusted for evaporation. Streamflow into the
wetlands was determined by difference. The average predicted outflows into the river do not always
correspond with the average rainfall in summer months, because occasional extreme rainfall events
during the 1983-2003 period of record would have produced disproportionate streamflows.

The spreadsheet simulations for the various catchments are included as Appendix H.
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The Spearwood Creek simulation indicates a baseflow input of 102 ML/month (39 L/s) into the creek and
associated vegetation, and predicts a minimum outflow of 60 ML/month (4.6 L/s) into the Blackwood
River in February. Baseflow forms a substantial component of streamflow contribution to the Blackwood
River, some 37 percent or 57 mm/year. Total streamflow to the Blackwood River averages 164 mm/year.

The Adelaide Brook simulation indicates a baseflow input of 79 ML/month (30 L/s) into the creek and
associated vegetation, with a minimum outflow of 37 ML/month (14 L/s) into the Blackwood River in
February. Baseflow makes up some 11 percent of the 136 mm of annual streamflow to the Blackwood
River.

The simulation for the creeks south of the river, with their associated wetlands, indicates a baseflow input
of 503 ML/month (191 L/s), with minimum outflow of 283 ML/month (108 L/s) into the Blackwood
River in February. Baseflow makes up some 50 percent of average streamflow of 180 mm/year.
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Assessment of Potential Impacts SECTION 5

51 General

The perennial creeks and associated wetlands in the Reedia area are maintained by groundwater discharge
from the Vasse Member. In turn, water-levels in the Vasse Member are partly supported by upward
groundwater heads in the underlying Lesueur Sandstone, as well as by direct recharge on areas of outcrop
and by recharge from the Mowen Member where the latter overlies the VVasse Member.

Therefore, if the water-level in the Lesueur Sandstone is reduced as a result of abstraction from the
Yarragadee Formation to the east of the Busselton Fault, there is potential for the water-table in the
overlying Vasse Member to be affected.

5.2 Conceptual Model

Six clay layers have been recorded in Bore 67, in a total Leederville thickness of 150m. A representative
cross-section has been selected where the water-table is at 25 m AHD, compared with 35 m in the
underlying Lesueur Sandstone.

Three different scenarios have been simulated:

Scenario 1:  Six discontinuous clay layers, contained by sequence with bulk Kh of 1 m/day and Kv of
0.1 m/day.

Scenario 2:  Homogeneous sequence with bulk Kh and Kv values as above.
Scenario 3:  As for Scenario 2 with one continuous clay layer 2 m thick.

Clay layers were assigned values of Kh =0.01 m/day and Kv =0.001 m/day, adopting the average Kv
value from the laboratory tests of sandy clay, and assuming Kh value higher by a factor of 10.

Sensitivity analyses were undertaken using Kv values reduced by a factor of 2, and by a factor of 4.

A recharge factor of 70 mm/year (about 7 percent of annual rainfall) was used in the model, as advised by
Water Corporation, derived from regional modelling. A drain cell was set at 25 m AHD to remove any
excess recharge from the model as surface outflow. The scenarios were also run without recharge for
comparison.

A cross-section of 3,000 m width was simulated, aligned at right-angles to the direction of groundwater
flow to maintain no-flow boundaries at the margins of the model. Drawdown observation points were
selected at 24 m elevation, 1 m below the drain cell to avoid effects from the drain. Three observation
points were selected for Scenario 1, to simulate effects above different distributions of clay layers
(Figure 11).

It was originally intended to simulate the effects of both 1 m and 5m drawdown in the Lesueur
Sandstone, but the predicted effects of 5 m drawdown were so slight, that simulation of 1 m drawdown
was discarded as not being worthwhile.

J:\JOBS\42905402\REPORTS\WATERCORP-JCB-R001.1.DOC\25-JAN-05 'URS

5-1
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5.3 Model Results

The simulated head changes for the various scenarios are shown on Figures 12a, b, ¢ and d.

Scenario 1 indicates steady-state drawdown of about less than 0.01 m to about 0.02 m, depending on the
observation point, for recharge of 70 mm. When there is no recharge, the predicted drawdown ranges
from 0.01 m to 0.03 m.

For Scenario 2, predicted steady-state drawdowns are about 0.07 m for recharge of 70 mm/year, and
similar for no recharge.

For Scenario 3, predicted steady-state drawdowns are about 0.02 m for recharge of 70 mm/year, and
similar for no recharge.

Sensitivity analyses, using values for Kv reduced by a factor of 2, and by a factor of 4, show essentially
the same amount of drawdown, at a slightly reduced rate of decline.

The indicated reductions in upward discharge from the Lesueur Sandstone to the Vasse Member, for
Scenario 2, in which the predicted drawdown is greatest, is about 0.4 L/s.
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1. The Reedia area is underlain by the Leederville Formation, from which groundwater discharges into
the Blackwood River, and maintains perennial baseflow into tributary creeks.

The Busselton Fault, which strikes north-south, divides the Vasse Shelf on the west from the
Bunbury Trough to the east. On the Vasse Shelf, the Leederville Formation is underlain by the
Lesueur Sandstone, and in the Bunbury Trough, by the Yarragadee Formation. A wedge of
Cockleshell Gully Formation may abut the east side of the fault, between the Lesueur Sandstone and
Yarragadee Formation.

2. The Reedia wetlands are located on the Vasse Shelf, and are supported by groundwater baseflow
from the Vasse Member of the Leederville Formation.

Catchment modelling indicates an aggregate baseflow of 69 L/s from Spearwood Creek and
Adelaide Brook into the wetland areas and creeks north of the Blackwood River, and 191 L/s into the
creeks and wetlands to the south of the river.

3. Minimum aggregate creek inflow to the Blackwood River, from both north and south of the
Blackwood River, is estimated at about 127 L/s, in February.

Actual measurements of creek flow in April and May 2004 confirmed an aggregate flow from
tributary creeks into the Blackwood River of over 100 L/s.

4. The Vasse Member of the Leederville Formation is recharged by direct rainfall, downward leakage
from the overlying Mowen Member, where present, and by upward leakage from the underlying
Lesueur Sandstone in the general vicinity of the wetlands, where the hydraulic head in the Lesueur
Sandstone is higher than the water-table in the Leederville Formation.

5. 2D computer modelling indicates that a 5 m reduction in hydraulic head in the Lesueur Sandstone
would result in a drop in water-table of less than 0.1 m. The upward leakage from the Lesueur
Sandstone into the Leederville Formation, consequent on such a drop in hydraulic head, is predicted
to be about 0.4 L/s.
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Limitations SECTION 8

URS Australia Pty Ltd (URS) has prepared this report for the use of Western Corporation in accordance
with the usual care and thoroughness of the consulting profession. It is based on generally accepted
practices and standards at the time it was prepared. No other warranty, expressed or implied, is made as to
the professional advice included in this report. It is prepared in accordance with the scope of work and for
the purpose outlined in the Proposal dated 24 March 2004.

The methodology adopted and sources of information used by URS are outlined in this report. URS has
made no independent verification of this information beyond the agreed scope of works and URS assumes
no responsibility for any inaccuracies or omissions. No indications were found during our investigations
that information contained in this report as provided to URS was false.

This report was prepared between April and November 2004 and is based on the conditions encountered
and information reviewed at the time of preparation. URS disclaims responsibility for any changes that
may have occurred after this time.

This report should be read in full. No responsibility is accepted for use of any part of this report in any
other context or for any other purpose or by third parties. This report does not purport to give legal
advice. Legal advice can only be given by qualified legal practitioners.
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