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Executive Summary

A geotechnical interpretive report has been prepared to satisfy the scope of work
required for DOT404017¢189 dated 1st September 2021.

The work entailed a review of the geotechnical factual report prepared by CMW
Geosciences, entitled Tantabiddi Boating Facility, North West Cape WA, Factual
Geotechnical Investigation Report, by CMW Geosciences for Department of
Transport, Ref:PER2020-0495AG Rev1, dated 4th August 2021.

BATHYMETRY

The Tandabiddi Boat Facility is located within a near shore rock platform. The
onshore beach slopes from about RL 3 mCD to RL 1 mCD at an average slope of
3V:20H. The nearshore rock platform level ranges from RL 0.5 mCD to RL -1.6
mCD.

SUB-SEABED PROFILE

Boreholes drilled by CME and hand probing by DoT within the footprint of the
proposed facility show a relatively thin veneer of uncemented sediments (soil) over
carbonate rock.

The sub-seabed ground conditions encountered comprise:

. GRAVEL/SANDY GRAVEL - Om to 2.1m thickness (average 0.2m) of GRAVEL/
SANDY GRAVEL; underlain by

o CARBONATE ROCK - Calcirudite/Calcisiltite/Calcarenite, typically medium to
high strength in the top 3m to 4m, becoming weaker (very low to medium
strength) below. Uncemented sediments (SAND) was encountered at BH02
(5.2m to 6.4m) and BH12 (2.5m to 3.2m, end of hole).

We note that the presence of CLAY was encountered, but its presence appears to
be minor, and is not expected to influence the behaviour of the material whether in
situ or dredged.

DREDGABILITY

Dredging abrasivity was assessed, and excessive abrasion is not considered to be a
major concern for dredging.

Excavability assessment indicates the rock material ranges from Easy Dig to
Extremely to Very Hard Ripping, with most of the data in the Easy Ripping and Hard
Ripping range. Some of the data (2 out of 31) is marginal requiring the equivalent of
blasting (BH13 location at RL-0.79mCD and RL-1.67mCD), with a few of the data (3
out of 31) being very hard ripping. No strength data was provided at levels below
RL-1.67mCD at BH13 and therefore hard dredging may be encountered at this
location and surrounds.



The rock is expected to be dredgeable with cutter suction dredgers (CSD) of suitable
horsepower and equipped with rock cutting teeth. Typically the larger the cutter
suction dredger is, the stronger the rock it can cut, however the shallow depth of
water may preclude the use of large CSD’s. Smaller suitably equipped dredges with
sufficient cutting power may be suitable.

Alternatively the rock may be excavated using shallow draft backacter dredgers
(backoe dredgers) that can be fitted with both ripping tools and buckets. These
would be supported by suitable small tugs/workboats and dumb barges for
transporting the spoil to shore where it can be unloaded by excavator at a temporary
materials offloading facility (MOF). Locally available shallow draft backacter dredgers
with breakout capability of 30t are available, These can also be fitted with rock
breakers.

Any dredging contract specification should ensure that either of the above methods
will be considered acceptable..

DREDGE SPOIL

The dredge spoil will be carbonate in nature and will be equivalent to a Sandy Gravel
with fines. The fines will be produced as part of the dredging (cutting) process.
There also wil be fines content in the infill of the voids and vughs within the
carbonate rock mass.

Any Silt traps incorporated into spoil disposal areas for the purpose of retaining the
fines and thereby reducing turbidity in the discharge receiving waters should be
located well beyond proposed buildings and other settlement sensitive structures
and within areas designated for less settlement sensitive infrastructure such as
carparks.

PILING

Two different pile types were considered: driven piles and drilled and grouted piles.
Axial and lateral pile design parameters are presented.

Driven Piling

Driven piling may encounter issues with early refusal in the stronger units within the
rock mass. A pile driving shoe would need to be used.

An alternative iterative process can be considered by driving the piles, followed by
drilling and then re-driving the piles. However this is a very difficult and costly
method of achieving the desired penetration depth.

Drilled and Grouted Piling

In light of recent successful experience with the use of grouted Roto-piling for
Geraldton Port Enhancement Project (7m pile penetration), Exmouth Harbour
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Upgrade (10m+ penetration), and other coastal projects, we recommend that Roto-
piling (screw drilled and grouted pile technique) should be considered for the project.

Drilled and grouted piling (e.g.Roto-piling or conventional rock socket) may
encounter hole collapse. We note that no hole collapse is recorded in CMW (2021).
Water and muds are injected into the drill pipe during the drilling process to flush the
cuttings created by the bit and to reduce heat produced at the drill head, but mud
was not used for hole support, and the holes were drilled predominantly using
seawater as the drilling fluid.

BREAKWATER

The breakwater crest level is at about +5mCD with base level of OmCD. Breakwater
maximum batter is 1V:1.5H.

The sub-seabed conditions should provide adquate foundation support for proposed
breakwaters embankments at Tantabiddi Boat Facility. Settlement is unlikely given
the thin layer of uncemented sediments (sandy gravel) overlying rock. Any
settlement will likely occur during construction.



1. INTRODUCTION

Objective

This report presents an interpretation of the results of a geotechnical investigation
completed by CMW Geosciences for Department of Transport for the proposed
Tantabiddi Boat Facility. The objectives of the geotechnical investigation were to
evaluate the subsurface conditions at the exploratory locations within the perimeter
of the proposed Tantabiddi Boat Facility, as well as to provide geotechnical
information and recommendations for use in planning, design and construction of the
facility. There is an existing Boat Ramp at the Tantabiddi site.

Project Understanding

Tantabiddi Boat Ramp precinct is of regional significance and is a gateway to the
Ningaloo Reef tourism and recreational experiences. The ramp is on the west side
of the North West Cape at the mouth of the Tantabiddi Creek and can be impacted
during rain events and cyclones. These impacts can result in build-up of sand and
restricted access for boat launching. In addition, there is an ongoing operational
issue with congestion which leads to conflict between commercial operators and
recreational users for access at this facility.

The DoT has been tasked to provide technical assistance regarding the suitability of
a new location for a facility. Presently the preferred position of a new facility is
located approximately 250m south of the existing site.

Three preliminary concepts for a new boating facility have been developed and
supported for use initially in key stakeholder engagement and then wider community
engagement. It is expected that the concept will evolve and be refined to reflect
stakeholder and community input.

The concepts comprise the following options:
1. OPTION WITH PASSENGER TRANSFER JETTIES, OPTION 7B-2

o Dredge Basin Area 25,300 m?, Overall Breakwater Length 505 m
3no. boat ramps, Commercial Loading Wharf, Tender/Dinghy Holding Jetties, Passenger
Transfer Jetties

2. OPTION WITH BOAT PENS, OPTION 9B

o Dredge Basin Area 47,700 m?, total dredge volume excluding over dredging allowance
156,000 m3, Overall Breakwater Length 645 m

. 3no. boat ramps, 40no. boat pens, Commercial Loading Wharf, Small Boat Loading
Wharf



3 OPTION 10C

e Similar to Option 9B with staged development

The Dredge Basin and approach channel will be dredged to a depth of RL -2.65mCD
for all options. Plans of the above options are shown in APPENDIX A — Tantabiddi
Concept Plans.

SCOPE OF WORK

The geotechnical scope of work as proposed in scope DOT404017c189 dated 1st
September 2021 comprised:

1. Conduct a technical review of the Factual Geotechnical report prepared by CMW
Geosciences for the following key elements:

. Dredgability of the material within the proposed channel and basin noting
preferred dredging methodology
. Suitability of dredge spoil for use as fill for the onshore earthworks
) Pile driving for the proposed marine structures
. Stability of the proposed breakwaters
2. Prepare an Interpretive report based on the technical review undertaken.
3. Attend a meeting to review and discuss the report recommendations

2. FIELDWORK

CMW Geoscience conducted a geotechnical site investigation for the proposed
Tantabiddi Boat Facility in 2021. The fieldwork and results are presented in CMW
(2021).

The objectives of the geotechnical investigation were to provide information to
support:

. Confirmation of the geotechnical conditions within the entrance channel alighment and
the protected basin;

o Assessment of dredge conditions and suitability of dredge spoil for use as fill in the
proposed car/trailer parking area and other areas of fill needed for this development;

o Confirmation of the geotechnical stability of the breakwaters and revetments

The fieldwork comprised the drilling of 10 diamond cored marine boreholes, denoted
BHO1 to BH04, BH08, BH10 to BH13 and BH16, to target depths of either 7.0m or
3.0m below Chart Datum (CD), with boreholes drilled up to 7.5m depth below
seabed level. Operational photographs were taken and provided for reference in
CMW (2021). The boreholes were advanced using HQ3 triple tube coring with
Standard Penetration Tests (SPT’s) conducted at 1.5m intervals were deemed



appropriate in soil. Engineering logs associated field testing and photographs of the
core trays are presented in CMW (2021).

All soil and rock types intersected were logged according to the Unified Soil
Classification System and the Australian Standard Rock Strength Classification
System (AS 1726). Borehole logs are presented in Appendix B.

Probing

Hand probing and sampling was carried out by DoT at different locations within the
proposed boating facility precinct, as shown in Appendix B. The aim of this work was
to ascertain the thickness of the sediment layer overlying the rock basement.

LABORATORY TESTING

Laboratory testing was carried out on selected samples obtained during the field
investigation, and the results are presented in CMW (2021). The testing program
consisted of the following:

o determination of the unconfined compressive strength (UCS);
. determination of point load index (15 (50));

o determination of Brazilian tensile strength (BTS)

. bulk density

. particle size distribution tests (wet sieve)

. calcium carbonate content

o Chechar Abrasivity Index

A summary of the laboratory test results is presented in Table 1. Test certificates are
presented in CMW (2021).

Comparison of the strength test data indicate the following strength classification for
the carbonate rock under AS 1726:

o Is50 values of 0.16MPa to 8.61MPa, give Low to Very High strength. The average Is50 is
2.2MPa and median is 1.3MPa, indicating a High Strength rock on average.

. UCS values of 1.94MPa to 23.9MPa, predominantly Low to Medium strength, The
average UCSis 11.7MPa and median is 12.3MPa, indicating a Medium strength rock on
average.

o BTS values of 0.6MPa to 3.3MPa. If we consider BTS values to be equivalent of 1s50

values, the material is predominantly Medium to High strength rock.

Pairs of UCS and Is50 or BTS results on appropriate adjacent depth samples are
plotted below in order to derive a simple correlation between UCS and 1s50 or BTS.
The linear regression curve fit shown gives a constant of about 5.6 which is a typical
value for a weak coastal carbonate rock material found in Western Australia:
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Figure 1: Correlation between UCS and 1s50 or BTS
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Table 1: Summary of Borehole Results

. Point
Borehole  Start End Mid-  Seabed Sample X Cerc.he?r Brazllllan Maimum  Load
Material Uscs 100 75 375 19 95 475 236 118 06 0425 03 015 0.075 CaCO3 Abrasivity . Indirect
BH Depth ~ Depth = Depth Level RL nsity . ucs Index,
Index Tensile
1s50
m bgl m bgl mbgl  mAHD  mAHD mm mm mm_ mm_ mm_ mm_ mm_ mm _ mm_ mm_ mm % CA t/m3 MPa MPa MPa
12 0.24 0.36 03 -17 -2 CALCIRUDITE 1.35
12 1 11 1.05 -17 -2.75 CALCIRUDITE 1.16
1 0.6 0.74 0.67 -1.24 -1.91 CALCISILTITE 2.93
1 1.7 2 1.85 -1.24 -3.09 CALCISILTITE 2.24 14.96
1 24 2.5 2.45 -1.24 -3.69 CALCISILTITE 172
1 33 3.4 3.35 -1.24 -4.59 CALCISILTITE 0.16
1 7 7.2 71 -1.24 -8.34 CALCISILTITE 3.19
2 03 0.4 0.35 -131 -1.66 CALCARENITE 1.03
2 0.4 0.7 0.55 -131 -1.86 CALCISILTITE 100 1.95 12.14
2 0.7 0.8 0.75 -131 -2.06 CALCISILTITE 1.89 1.97
2 14 15 1.45 -131 -2.76  CALCISILTITE/CALCARENITE 0.59
2 2.75 2.95 2.85 -131 -4.16  CALCISILTITE/CALCARENITE 98.9 2.05 4.14
2 49 5 4.95 -131 -6.26  CALCISILTITE/CALCARENITE 1.14
2 6.6 6.7 6.65 -131 -7.96 CALCISILTITE/CALCARENITE 0.73
3 0.23 0.36 0.295 -133 1625  CALCISILTITE/CALCARENITE 1.02
3 0.4 0.5 0.45 -1.33 -1.78  CALCISILTITE/CALCARENITE 1.98 1.76
3 0.54 0.68 0.61 -1.33 -1.94  CALCISILTITE/CALCARENITE 97.2 1.52
3 0.8 1 0.9 -1.33 -2.23  CALCISILTITE/CALCARENITE 0.35 1.87 1.94
3 24 2.7 2.55 -1.33 -3.88 CALCISILTITE 100 2.04 12.54
3 4 43 4.15 -1.33 -5.48 CALCISILTITE/CALCARENITE 1.93 6.44
3 6.3 6.4 6.35 -1.33 -7.68 CALCISILTITE/CALCARENITE 1.26
13 0.1 03 0.2 -1.6 -1.8 CALCISILTITE/CALCARENITE 98.2 8.61
13 1 115 1.075 -16 -2.675  CALCISILTITE/CALCARENITE 4.09
13 0 135 0.675 -16 -2.275  CALCISILTITE/CALCARENITE 100 64 40 29 24 20 16 14 11
16 1.5 1.8 1.65 -2.1 -3.75  CALCISILTITE/CALCARENITE 2.52 2391
16 23 2.4 2.35 -2.1 -4.45  CALCISILTITE/CALCARENITE 3.88
4 0.5 0.6 0.55 -157 2,12 CALCARENITE 95.7 113 4.72
4 0.6 1.15 0.875 -1.57 -2.445 CALCARENITE
4 1 115 1.075 -1.57 -2.645 CALCARENITE 99
4 2.28 2.35 2315 -1.57 -3.885 CALCARENITE 17 0.64 1.31
8 0 1.6 0.8 -1.57 -2.37 SANDY GRAVEL GP 100 74 29 4 0 0 0 0 0 0
8 1.6 2 1.8 -1.57 -3.37  CALCISILTITE/CALCARENITE 0.87
10 0.5 0.7 0.6 -34 -4 CALCARENITE 2.25 17.7
10 0.7 1 0.85 -34 -4.25 CALCARENITE 84.5 2.26 3.29
1 0.3 0.5 0.4 -3.01 -3.41 CALCARENITE 0.19
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3. GEOLOGY, GEOMORPHOLOGY

Regional Setting

The Tantabiddi Boat Ramp precinct is on the west side of the North West Cape
(approx. 15 km west from Exmouth) at the mouth of the Tantabiddi Creek. The
project site opens to the Indian Ocean to the west, with the North West Cape
hinterland to the east. The site is located in the southern portion of Jurabi Coastal
Park.

Geological Setting

The Tantabiddi Boating Facility is located on the southern side of the Tantabiddi
Creek mouth. The geology/geomorphology of the site, based on Wyroll et al (1993)
and Collins et al (2000), comprises:

. Holocene coastal deposits —a complex of dune and beach sequences, predominantly
sand; underlain by

. Tantabiddi Member (last interglacial) — emergent reef platform, dominant lagoon facies
- the Tantabiddi Member is part of the Bunderra Calcrenite unit, and is underlain by

o Tulki Limestone.

Tandabiddi Creek potentially brings deposits of Quaternary alluvial sediments to the
site. These sediments comprise fans and alluvial deposits, with dominance of
coarse gravel conglomerate, some moderately to well cemented with calcrete
development.

Wyroll et al (1993) Schematic Cross Section
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Bathymetry

The Tandabiddi Boat Facility is located within a near shore rock platform. Information
relating to bathymetry of the is shown in Appendix B.The onshore beach slopes from
about RL 3 mCD to RL 1 mCD at an average slope of 3V:20H. The nearshore rock
platform level ranges from RL 0.5 mCD to RL -1.6 mCD.
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Figure 2: Probe Locations and Results
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4.

Subsurface Ground Conditions

Boreholes drilled by CMW and hand probing by DoT in the nearshore environment
within the footprint of the proposed facility show a relatively thin veneer of
uncemented sediments (soil) over carbonate rock.

The sub-seabed ground conditions encountered comprise:

GRAVEL/SANDY GRAVEL - Om to 2.1m thickness (average 0.2m) of GRAVEL/ SANDY
GRAVEL; underlain by

CARBONATE ROCK — Calcirudite/Calcisiltite/Calcarenite, typically medium to high
strength in the top 3m to 4m, becoming weaker (very low to medium strength) below.
Uncemented sediments (SAND) was encountered at BHO2 (5.2m to 6.4m) and BH12
(2.5m to 3.2m, end of hole). We have termed the rock as CARBONATE ROCK as nearly all
but one of the carbonate content test result are above 90%. Also the two petographic
test results are 99%-100% calcite. The one Carbonate Content test result below 90%
(84.5% for BH10, 0.7m-1.0m) would give a rock classification of “Siliceous” into the
Calcarenite/Calcisiltite naming under the Clark & Walker carbonate sediements
classification system.

The presence of CLAY was encountered and reported as follows:

Trace of CLAY between 1.4m to 1.5m depth in BHO1 bore log

BH12 daily log states “clay/ sand-or soft clay was inferred from 2.70m based on the
observations of the return flush; the borehole was terminated at 3.20m depth”. The
geological cross-section shows BH12 as having CLAY from 2.7m to 3.2m depth, but the
BH12 bore log has no CLAY present, and instead has “SAND (inferred): fine to coarse
grained - inferred from drilling muds, leached calcarenite”.

The petrographic analysis of BH4 sample 1.0m to 1.15m depth has sample as comprising
99% Calcite and 1% Clay.

The existence of CLAY appears to be minor, and is not expected to influence the
behaviour of the material whether in situ or dredged.

The below figure presents the thickness of the Gravel/Sandy Gravel veneer plotted
versus seabed RL for the water jet probe locations.



Cross Sections

Geotechnical cross sections from CMW (2021) are presented in Appendix A. The
cross sections illustrate the relative position of the various soil/rock types. Note that
the vertical RLs are presented relative to Australian Height Datum (AHD) in terms of
RL datum mAHD rather than mCD.

5. DREDGING
Dredging Abrasivity

The two Cerchar Abrasivity (CA) tests gave results of “not very abrasive” and
“medium to abrasive”. An alternative definition of the CA test results describes the
results as “Not Abrasive” and “Very Slightly Abrasive”.

The carbonate content values range from 84.5% to 100%, while the two petrographic
analyses give the sample at 99% and 100% calcite, with no free quartz.

On the above basis, excessive abrasion is not considered to be a major concern for
dredging.

The CA tests and carbonate content tests corrspond to 4no. tests used to assess
abrasivity. If core samples are still available, additional abrasivity-related testing
may be undertaken although the samples may have dried out which is likely to result
in increased the sample strength and therefore provide misleading results. Any
further testing should focus on CA and calcium carbonate content covering the depth
interval and area that is to be dredged.
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Presence of Clay

There would appear to be some but minimal amount of clay in the material likely to
be dredged however the small quantity identified should not pose any problems or
issues..

Rippability

Dredging assessment was undertaken adopting the excavability assessment method
of Pettifer and Fookes (1994) wherein the 1s50 value and fracure spacing for the rock
material is compared against field case histories of excavation. The limits for Dig,
Easy Ripping, Hard Ripping, Extremely to Very Hard, Ripping, and Blasting are
presented on the the figure below. It is accepted that blasting will not be permitted in
this locality therefore this term should be replaced with “Rock Breaking”.

1 O |

Various
Blasting

ng (m)

Figure 3: Excavability assessment method of Pettifer and Fookes based on Point Load Index and Fracture
Spacing

The samples tested for Is50, UCS and BTS were used. The fracture spacing for the
samples was derived from the core photographs in CMW (2021). It is known that
typically carbonate rock does not display fractures and jointing as exists in other rock
types. But the fracturing of the rock during the drilling does indicate weak zones in
the rock mass, that are likely to fracture during the dredging process. The rock
break at the end of the drilling run or at at the 1m length (length of core tray) was not
counted as a fracture in the assessment. The Is50 value was used directly. The BTS
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was taken to be equivalent of an 1s50 value. The UCS was converted to 1s50 by
dividing by 5.6 (correlation value).

The data are tabulated below, and the results are plotted next page. Also presented
next page is the range of rock strength and fracture spacing based on the borehole
logs — medium to high strength (Is50 of 0.3MPa to 3MPa) and 0.1m to 1m fracture

spacing.

The plots indicate that the rock material ranges from Easy Dig to Extremely to Very
Hard Ripping, with most of the data in the Easy Ripping and Hard Ripping range.

Table 2 Summary of all borehole data showing assessment of Is50 and Fracture Spacing

Mid-

BH Depth Range (m) Depth

ALL DATA
12 0.24
12 1
0.6
1.7
2.4
3.3
7
0.3
0.4
0.7
1.4
2.75
4.9
6.6
0.23
0.4
0.54
0.8
2.4
4
6.3
13 0.1
13 1
16 0
16 1.5
16 2.3
4 0.5

WWWWWWWMNDMNMNDNMNDNDNDNDN_L2 2 A A

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

0.36
1.1
0.74
2
2.5
3.4
7.2
0.4
0.7
0.8
1.5
2.95
5
6.7
0.36
0.5
0.68
1
2.7
4.3
6.4
0.3
1.15
1.35
1.8
24
0.6
1.15
2.35
1.6
2
0.7
1
0.5

0.3
1.05
0.67
1.85
2.45
3.35

7.1
0.35
0.55
0.75
1.45
2.85
4.95
6.65

0.295
0.45
0.61

0.9
2.55
4.15
6.35

0.2
1.075

0.675
1.65
2.35
0.55
1.075
2.315

0.8

1.8

0.6
0.85

0.4

Seabed

RL
mCD
-0.69
-0.69
-0.23
-0.23
-0.23
-0.23
-0.23

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

-0.32
-0.32
-0.32
-0.32
-0.32
-0.32
-0.32
-0.59
-0.59
-1.09
-1.09
-1.09
-0.33
-0.33
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Calcisiltite
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Calcisiltite
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Calcisiltite
Calcisiltite
Calcisiltite/Calcarenite
Calcisiltite/Calcarenite
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Calcisiltite/Calcarenite
Calcisiltite/Calcarenite
Calcisiltite/Calcarenite
Calcisiltite/Calcarenite
Sandy Gravel
Calcisiltite/Calcarenite
Calcisiltite/Calcarenite
Calcarenite
Calcarenite
Calcarenite
Sandy Gravel
Calcisiltite/Calcarenite
Calcarenite
Calcarenite
Calcarenite

Is50
or
BTS
MPa
1.35
1.16
2.93
2.65
1.72
0.16
3.19
1.03
2.17
1.97
0.59
0.74
1.14
0.73
1.02
1.76
1.52
0.35
2.24
1.15
1.26
8.61
4.09

4.27
3.88
4.72

1.31

0.87
3.16
3.29
0.19

Fracture
Spacing
m
0.1
0.1
0.2

¥ 03

0.2

¥ 02

0.2
0.5
0.5
0.5
0.1
1.0
0.2
0.2
0.3
0.3
0.3
0.5
0.6
1.0
0.1
0.5
1.0

0.5
0.5
0.1

0.3

0.4
0.4
0.4
0.3

Comment

UCS / 5.6

UCS / 5.6
BTS

UCS / 5.6

BTS

UCS / 5.6
UCS / 5.6
UCS / 5.6

UCS / 5.6

UCS / 5.6
BTS
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Point Load Index based on Laboratory test data and Fracture spacing based
on review of core photographs
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Figure 5: Dredgability range bounds based on all borehole logs

The dredged level for the Basin is RL-2.65mCD. Allowing for some overdredge, the
laboratory test data for rock above RL-3.15mCD is plotted on the Pettifer and Fookes
chart in Figure 6 below. This shows that most of the data falls within the Easy and
Hard Ripping range except for BH13 which is at the entrance to the basin where
hard ripping may be encountered. We note that at BH13, there is no strength data at
levels between RL-1.67mCD and RL-3.15mCD, and therefore hard dredging may be
encountered at this location and nearby.

Dredgability analysis for the boreholes that fall within the dredge areas (approach
channel and basin) are also plotted on the Pettifer and Fookes Chart in Figure 7
where the individual boreholes are labelled.

The rock is expected to be dredgeable by cutter suction dredgers fitted with rock
cutting teeth or by shallow draft backhoe dredgers. Typically the larger the cutter
suction dredger is, the stronger the rock it can cut, but depth of water may preclude
the use of large plant. Suitable plant and expertise is available locally within Western
Australia..

An analysis of the power requirements for the variable material that is expected to be
encountered is shown in Appendix C — Estimate Dredge Plant Power Requirements.
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Figure 6: Analysis of dredgability based on those boreholes which terminated above RL -3.15

Fracture Spacing,(m)
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Figure 7: Dredgability analysis for boreholes within the dredge areas

22



Transects along the approach channel and along the harbour basin showing the
dredge depth and borehole information are shown in APPENDIX B — Borehole,
Probe Locations and Transects.

Bulking Factor

It is estimated that rock excavated with a cutter suction dredge will have a bulking
factor of up to 1.3, while equipment that leaves the rock more intact such as a
backhoe dredge will result in a bulking factor of up to 1.2.

The bulking factor for uncemented sediments can be assumed to be unity.

These bulking factors assume that the rock material is broken into discrete particles,
and along with uncemented sediments, will be in a loose state after hydraulic
placement.

The bulking factors are based on the difference in measured/assessed density of the
in sutu material to that expected post dredging. For the rock and gravel/sand at
Tantabiddi, a bulking factor of 1.3 is a typical median value for these materials given
in Table 2.3 of Guidelines for the beneficial use of dredged material, by T.N. Burt,
Report SR 488, dated November 1996. Also the bulking factor of up to 1.3 is typical
of the increase in rock volume for fragmentation by various dredger types (e.g. cutter
suction, bucket wheel, bucket, dipper, backhoe) given in BS 6439-5, “Maritime
structures — Part 5: Code of practice for dredging and land reclamation”.

For the soft rock and limited thickness of gravel/sand at the Tantabiddi site,.

If compaction is possible post placement, then the equivalent bulking factor will
reduce. A reduction in bulking factor value of 10% may be possible.

6. RECOMMENDATIONS FOR RE-USE OF DREDGE
SPOIL

There are a number of considerations if the Basin is to be excavated by dredging
and the spoil used as fill for future developments. The work of Soil & Rock
Engineering (1995) for the Exmouth Boat Harbour has been examained in deriving
these recommendations.

Spoil Material Type

The dredge spoil will be carbonate in nature and is expected to be the equivalent of
a Sandy Gravel with fines. Fines will be produced as part of the dredging (cutting)
process. There also will be fines content in the infill of the voids and vughs within the
carbonate rock mass.
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Silt Traps

Silt traps are normally incorporated into dredging contracts to retain the fines and
reduce turbidity in the discharge receiving waters. It is recommended that the silt
traps be located well beyond proposed buildings and other settlement sensitive
structures and within in areas designated for less settlement sensitive infrastructure
such as carparks etc. It is also recommended that as large an area as possible is
used as a silt trap such that the fines can be contained in a relatively thin layer rather
than in a small deep pocket. Containing these materials in a thin layer over a large
area will maximise the drying times of any cohesive materials and options for the
landuse of this area at a later date.

7. FUTURE DEVELOPMENT
Hydraulic Fill

The nature of hydraulic fill operations are such contols are needed to manage the
placement and compaction of materials. Settlement ponds can be managed such
that fines (clay/mud size fractions) can be collected at one end and subsequently
removed if necessary.

Where the excavation of the Basin is carried out by dredging, it is recommended that
the placed fill is thoroughly investigated to the full depth of the fill, in order to assess
foundation conditions for buildings, before buildings are designed and constructed.
Boreholes with Standard Penetration Testing (SPT) at 1.5 m depth intervals and/or
cone penetrometer testing (CPT) are appropriate methods of investigation in this
regard.

Fill Placed by Other Means

In the event that dredging is undertaken by backhoe dredgers and spoil transferred
to shore by barge then transferred to the fill site, it is recommended that the spoil is
spread in layers (minimum layer thickness of 150 mm pre-compaction) and each
layer compacted to achieve a minimum density ratio of 92% Modified Compaction as
determined by AS 1289. 5. 2. 1.

Proof Compaction

After the site has been filled to the satisfaction of the Supervising Engineer, by either
method (dredged spoil or dry excavation) the surface of the site should be proof
compacted using a heavy, self-propelled, smooth drum vibrating roller capable of
operating in variable frequency modes. A Dynapac CA 511, or equivalent, is
recommended (subject to the protection of adjacent structures from damaging
ground vibrations).
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The following proof compaction procedure is recommended:

(i)

(i)

(i)

(iv)

The entire site should be given a minimum of 4 coverages with the roller operating in
the low frequency /high amplitude mode. A coverage is defined as overlapping passes
with a minimum overlap of 20%;

the site should then be given an additional mimmum of 4 coverages with the roller
operating in the high frequency/low amplitude mode;

all weak areas, that deform excessively under rolling, should be removed and replaced
with clean sand satisfying the structural fill requirements.

on completion of vibratory rolling, 2 coverages of the site should be made with the roller
operating in a static mode. This will compact the sands in the upper 300mm, that were
disturbed by cyclic mobility.

It is recommended that the proof compaction be supervised by an Engineer,
experienced in earthworks.

Selection Requirements for Structural Fill - Cohesionless

The following information is provided in the event the finished surface is to be
covered by a layer of structural fill prior to development. For this study, cohesionless
structural fill has been defined as sand fill satisfying the following criteria:

(i)

(ii)
(iii)
(iv)

(v)
(vi)

containing less than 5% by weight of soil fractions finer than 0. 075mm: and

having a plasticity index equal to 0%, (i.e. non plastic).

Any sand used for structural filling should comply with the following:

The sand shall be clean, cohesionless, free draining and free of all silty, organic or any
other deleterious inclusions;

the sand shall contain no more than 5% (by weight) of fractions finer than 0.075mm; and
the ratio of the maximum to minimum density shall be greater than 1.20. The maximum
and minimum densities shall be determined in accordance with test AS 1289. 5.5 .1.

The Perth Sand Penetrometer can be used for compaction control of sands
complying with the above criteria.

It is recommended that a 25 kg representative sample(s) of the proposed structural
fill be delivered to a NATA registered Testing Authority at least one week before
approval is required.
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8. GEOTECHNICAL DESIGN STRENGTHS

Based on the borehole and laboratory results, the following design geotechnical
parameters for foundation analysis were derived.

Bearing Capacity

Geotechnical design strength patameters for in situ materials are given in the
following table:

Uncemented -
Sediments 18 8 Friction Angle of 30deg
UCS value of
12MPa (average)
Carbonate Rock 20 10 8.5MPa (median)
2.2MPa (15-percentile)

Pile Axial Design

The skin friction and end beairing values are based on 15-percentile UCS of 2.2MPa.
Geotechnical design strength patameters for pile axial design are the following. :

Uncemented 8 N/A N/A N/A
Sediments
150 500
(Compression) | (Compression) _
100 (Tension) | 300 (Tension) | *+2UCS
Canbonaic 10 a 1Ii%|\<;|z:the
Rock Assume first 1m | Assume first 1m p_p
. . pile toe steel
into rock has into rock has Aim
only half the only half the
above values above values

Note that pile uplift (tension) loading also needs to check against failure by pullout
cone of the rock mass, Assume a 90deg pullout cone apex angle. The pullout cone
failure mode may limit the tensile (uplift) capacity of the piling.



Pile Lateral Design

Floating jetty structures require only lateral capacity. Tests on ungrouted roto piles
conducted at Two Rocks marina where there is presence of limestone rock at or
near the surface (ie thin layor of overlying unconsolidated sediments) revealed that
the apparent point of fixity was approximately 1.25m below the rock level. This is
due to the fact that the annulus between the rock wall and the outside of the pile was
not filled by either sediment or grout. If the annulus is sand filled or filled the
apparent point of fixity will be at or just above rock level depending upon the depth of
unconolidated material overlying the rock..

Geotechnical design strength patameters for pile lateral design are the following:

Ugggi’:qzr:t‘:d 8 Friction Angle of 30deg (¢'=0)
UCS value of 2.2MPa (15-percentile)
Undrained shear strength, Su of
1.1MPa.

Carbonate Rock 10
Also perform a check analysis
assuming a friction angle of 40deg

(c’=0) for the Carbonate Rock

Geotechnical Reduction Factor

Geotechnical strength reduction factors shall be based on AS2159 — Austraian Piling
Code. AS2159 allows for increase in the reduction factor is appropriate pile load
testing is undertaken. If no pile testing is undertaken then a geotechnical strength
reduction factor of 0.45 will apply.
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9. PILE DESIGN

Two different pile types were considered: driven piles and drilled and grouted piles.

It is anticipated that driving difficulty will be encountered, particularly in driving raking
piles since those piles are normally required to be installed deeper than the vertical
piles.

An alternative iterative process can be considered by driving the piles, followed by
drilling and then re-driving the piles. However this is a very difficult and costly
method of achieving the desired penetration depth.

In light of recent successful experience with the use of grouted Roto-piling for
Geraldton Port Enhancement Project (7m pile penetration), Exmouth Harbour
Upgrade (10m+ penetration), and other coastal projects, we recommend that Roto-
piling (screw drilled and grouted pile technique) should be considered for the project.

Driven Piling

Driven piling may encounter issues with early refusal in the stronger units within the
rock mass. A pile driving shoe would need to be used.

Drilled and Grouted Piling

Drilled and grouted piling (e.g.Roto-piling or conventional rock socket) may
encounter hole collapse. We note that no hole collapse is recorded in CMW (2021).
Water and muds are injected into the drill pipe during the drilling process to flush the
cuttings created by the bit and to reduce heat produced at the drill head, but mud
was not used for hole support, and the holes were drilled predominantly using
seawater as the drilling fluid.

Uplift Loading

If large tension (uplift) loads are envisaged and therefore long length of pile, the
maximum depth of investigation was only 7.5m, and no getechnical data exists
below that depth. Refer to the borehole logs for the depth of investigation at specific
locations.

Uplift load capacity of piling may be limited by pullout cone failure and this needs to
checked along with usual skin frictional resistance.

Uplift or tension capacity will only be required for fixed jetty structures that may be
subject to berthing loads or uplift due to wave forces if the deck level is low and can
be impacted by waves in adverse conditions. In these situations it is recommended
that the roto piles are grouted.
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10. RECOMMENDATIONS FOR PILE INSTALLATION

Piling Contractor

Piling Contractors (Contractor) should be selected carefully by DoT. It is
recommended that the Contractors should provide the following programs for DoT
review, prior to any piling work

o proposed procedure for splicing/welding of steel piles;

o test pile work method statement;

. pile driving, drilling and grouting equipment;

. pile installation sequence;

. pile driving proposal including hammer energy to be used and proposed driving set to
achieve ultimate driving resistance for driven piles; and

. cement grouting technique for drilled and grouted piles.

Pile Load Testing (Test Pile Installation)

Where piles are to be used for fixed jetties then to confirm the design pile length and
pile size, a pile testing program is recommended to be performed which involves
PDA testing for driven piles and PDA testing or static pile testing for drilled and
grouted piles.

It is recommended that the Contractor should record and provide the results of the
pile load tests to DoT. Should a test pile fail to meet the load test requirements, the
contractor must notify the DoT or its representative immediately and await
instructions.

It is also recommended that the test results of pile deflection/load measured during
the test should be verified by a geotechnical engineer.

Where piles are to be used for floating structures then it is recommended that 3% of
the piles are subject to a lateral loading test with the load to be applied at a level of
0.6m above HAT.

Installation of Driven Piles

We recommend the Contractor shall survey the position of all pile locations using a
licensed surveyor and provide the DoT with a copy of survey results. The record
shall include the relevant information listed below

o number of blows required for each 250mm length of pile driven;
. sea bed level;

o toe level;

o temporary compression over the last 10 blows;

o time driving commences and ceases; and

o any stoppages and reasons for stoppages.
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Temporary compression traces shall be taken over the last 10 blows on every pile
driven and shall be submitted with the record. The Contractor shall also record the
length from the underside of the pile cap or platform beam to the toe of the pile.

Installation of Drilled and Grouted Piles

In light of recent successful experience with the use of grouted Roto-piling for
Geraldton Port Enhancement Project (7m pile penetration), Exmouth Harbour
Upgrade (10m+ penetration), and other coastal projects, we recommend that Roto-
piling (screw drilled and grouted pile technique) should be considered for the project.

11. BREAKWATER

The sub-seabed conditions should provide adquate foundation support for proposed
breakwaters embankments at Tantabiddi Boat Facility.

The breakwater crest level is approximately RL +5mCD with base level of OmCD.
Breakwater maximum batter is 1V:1.5H. For a factor of safety of 1.5, the required
rock mass UCS value for the foundation is less than 100kPa which is achievable.

Given the ground conditions, any settlement will be negligible and will likely occur
during construction of the breakwater. Estimated overall settlements are in the order
of 5mm to 10mm for breakwater placed directy on rock foundation. The greatest
thickness of uncemented sediments encountered was about 1.6m (BH08, Sandy
Gravel), and its presence would increase overall settlement by a further 10mm at this
location.

Placement of breakwater fill also may self-weight penetrate into the layer of
uncemented sediment (Om to 2.1m thickness, average 0.2m) above rock. For this it
is prudent to allow potentially an extra 50mm to 100mm thickness of breakwater fill
required for placement.

Global stability requirements for the breakwater is also not expected to be an issue
at this location.
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13. APPENDIX A — Tantabiddi Concept Plans
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14. APPENDIX B — Borehole, Probe Locations and
Transects
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15. Appendix C — Estimate Dredge Plant Power

Requirements
Based on the Pettifer and Fookes charts
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Summary of borehole data within dredge areas showing assessment of Is50 and Fracture Spacing and assesment of power requirements for various plant types

ALL DATA mCD mCD MPa m kW kW T
BH from Depth Range (m) to Mid- Depth SeabedRL RL Material Is50 Fracture ucs Strength x Excavatability |Dozer Requirement| Dredge Size CSD Size CSD Backhoe Equivalent
BTS Spacing Fract Definition (from Pettifer | (from UCS) Cutter Power Excavtaor Sizing| Excavtaor Machine
Pettifer—_Fookes Fookes) Mass
12 0.24 to 0.36 0.3 -0.69 -0.99 Calcirudite 1.35 0.1 7.56 0.135 Easy Ripping CAT D6 M L 400 - 900 350 -700 80 - 200
12 1 to 1.1 1.05 -0.69 -1.74 Calcirudite 1.16 0.1 6.50 0.116 Easy Ripping CAT D6 M L 400 - 900 350 -700 80 - 200
1 0.6 to 0.74 0.67 -0.23 -0.9 Calcisiltite 2.93 0.2 16.41 0.586 Hard Ripping CAT D8 L L 900 - 1800 700 - 1,500 200 - 400
1 1.7 to 2 1.85 -0.23 -2.08 Calcisiltite 2.65 0.3 14.84 0.795 Hard Ripping CAT D8 L L 900 - 1800 700 - 1,500 200 - 400
1 24 to 25 245 -0.23 -2.68 Calcisiltite 1.72 0.2 9.63 0.344 Easy Ripping CAT D6 M L 400 - 900 350 -700 80 - 200
2 0.3 to 0.4 0.35 -0.3 -0.65 Calcarenite 1.03 0.5 5.77 0.515 Hard Ripping CAT D8 L L 900 - 1800 700 - 1,500 200 - 400
2 04 to 0.7 0.55 -0.3 -0.85 Calcisiltite 217 0.5 12.15 1.085 Hard Ripping CAT D8 L L 900 - 1800 700 - 1,500 200 - 400
2 0.7 to 0.8 0.75 -0.3 -1.05 Calcisiltite 1.97 0.5 11.03 0.985 Hard Ripping CAT D8 L L 900 - 1800 700 - 1,500 200 - 400
2 14 to 1.5 1.45 -0.3 -1.75 Calcisiltite/Calcarenite 0.59 0.1 3.30 0.059 Easy Ripping CAT D6 M M 400 - 900 350-700 80 - 200
2 2.75 to 2.95 2.85 -0.3 -3.15 Calcisiltite/Calcarenite 0.74 1 4.14 0.74 Hard Ripping CAT D8 L M 900 - 1800 700 - 1,500 200 - 400
3 0.23 to 0.36 0.295 -0.32 -0.62 Calcisiltite/Calcarenite 1.02 0.3 5.71 0.306 Easy Ripping CAT D6 M L 400 - 900 350 -700 80 - 200
3 04 to 0.5 0.45 -0.32 -0.77 Calcisiltite/Calcarenite 1.76 0.3 9.86 0.528 Hard Ripping CAT D8 L L 900 - 1800 700 - 1,500 200 - 400
3 0.54 to 0.68 0.61 -0.32 -0.93 Calcisiltite/Calcarenite 1.52 0.3 8.51 0.456 Hard Ripping CAT D8 L L 900 - 1800 700 - 1,500 200 - 400
3 0.8 to 1 0.9 -0.32 -1.22 Calcisiltite/Calcarenite 0.35 0.5 1.96 0.175 Easy Ripping CAT D6 M S 400 - 900 350-700 80 - 200
3 24 to 2.7 2.55 -0.32 -2.87 Calcisiltite 2.24 0.6 12.54 1.344 Very Hard Ripping CAT D9 XL L 2200 - 4500 1,500 - 3,000 400 - 750
0.1 to 0.3 0.2 -0.59 -0.79 Calcisiltite/Calcarenite 8.61 0.5 48.22 4.305 xtremely Hard Rippin CAT D11 XXL XXL > 4500 >3,000 >750
- 1 to 1.15 1.075 -0.59 -1.67 Calcisiltite/Calcarenite 4.09 1 22.90 4.09 xtremely Hard Rippin CAT D11 XXL XL > 4500 >3,000 >750
4 0.5 to 0.6 0.55 -0.33 -0.88 Calcarenite 4.72 0.1 26.43 0.472 Hard Ripping CAT D8 L XL 900 - 1800 700 - 1,500 200 - 400
4 1 to 1.15 1.075 -0.33 -1.41 Calcarenite 0.00
4 2.28 to 2.35 2.315 -0.33 -2.65 Calcarenite 1.31 0.3 7.34 0.393 Easy Ripping CAT D6 M L 400 - 900 350-700 80 - 200
10 0.5 to 0.7 0.6 -2.39 -2.99 Calcarenite 3.16 0.4 17.70 1.264 Hard Ripping CAT D8 L L 900 - 1800 700 - 1,500 200 - 400
10 0.7 to 1 0.85 -2.39 -3.24 Calcarenite 3.29 0.4 18.42 1.316 Hard Ripping CAT D8 L L 900 - 1800 700 - 1,500 200 - 400
11 0.3 to 0.5 0.4 -2 24 Calcarenite 0.19 0.3 1.06 0.057 Hard Digging CAT 245 Backhoe S S 150 - 400 <350 <80




16. Appendix D — Borehole Logs
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