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5 Model Limitations

The results produced by the model are generally considered to be conservative due to the
following:

Input Assumptions – where necessary or unknown, assumed values or processes have
been taken as those producing a more severe outcome for the reclamation (a lower
placed density).

Modelling and Physical Processes – there are a number of key physical processes
which have not been resolved by the modelling, and overall, the computational
approach employs a coarse spatial representation of the DMPA. Further detailed
modelling of these features is very likely to produce enhanced thickening rates beyond
those obtained in the simulation.

Operational Details – the modelling is unable to represent the responsiveness of the
dredging sequence, DMPA placement sequence and tailwater release to presented
conditions. The spatial scale of these operational interventions is smaller than the
coarse discretisation used in the modelling, and as such, their effect is smeared over
the size of the computational cells.

These sources of conservatism and turbidity limiting operational measures are further detailed
in the following sections.

5.1 In-situ Material and Inflow Characteristics

Laboratory PSD testing indicated Composite #1 (Muds) was approximately 10% coarse
material, which was generally consistent with the assessed in-situ average for the same
geotechnical unit. The settlement and consolidation models were calibrated assuming a
homogeneous (monodisperse) material; however, there is some evidence of polydisperse
behaviour with settlement sorting in the post- settlement test results. The presence of a small
percentage of coarser material settling more rapidly within the placement will likely cause
significant increases in the placed density – for example, 10% coarse material would result in
an approximate 7% reduction in overall placed volume.

It is noted that only small further reductions to the dredged volume of in-situ material will impact
the required degree of tailwater management. A 6% reduction in dredged in-situ volume
(700,000m3) would remove the periods of intermittent exceedance (as predicted by the
modelling).

5.2 Modelling and Physical Processes

The following aspects of the modelling are considered very likely to produce conservative
results:

Coarse Cell Discretisation – The model only includes 12 discrete trapezoidal cells along
the longitudinal axis of the void which run full width across the lake. Without employing
a much finer discretisation or alternative modelling approaches, it is not possible to
preserve the distinct boundaries of the inflow suspended sediment plume.
Consequently, the model produces artificial smearing and dilution of the inflow by virtue
of the cell size.

2D Cell Discretisation – each computational cell is based on a uniform width, length,
and depth. In reality, there is variation in depth across the cell width, and the shallower
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portions of the cell will settle and consolidate at a higher rate than modelled.
Additionally, during filling of the model, a re-meshing process is used which ensures
the averaged bed level from the previous iteration is retained in the next calculation
step. For a trapezoidal cell, this produces a small dilution effect during each re-mesh.

Density Driven Flows – also known as baroclinic flows, density gradients in fluid mud
will produce redistribution of material laterally. In a general sense, the baroclinic flows
are expected to increase the rate of thickening. For example, the shallow edge portions
of the placement area will produce more rapidly consolidated mud, which then flows
into the deeper portions of the placement area, displacing lower density mud. This
process is well recognised in the field of lake dynamics.

Key limitations to take into consideration for this study are summarised as follows:

Material sampling and testing – the model has been calibrated to laboratory testing of
one composite sample, composed of grab-samples from two locations within the
Capital dredging profile. The samples are expected to be representative of similar
materials identified from the geotechnical investigation but natural variations can and
do occur.

Deterministic simulations – the input parameters (including dredge pumping rates and
concentrations) adopted for the model simulations are either based on professional
judgements (in the case of dredging productions), or considered to represent the
median, or best-fit, input value (such as the material properties). Sensitivity or
stochastic simulations have not been completed to assess the possible range in
placement storage or area requirements. The input parameters will be confirmed by the
information sought in the dredging works tender process. The modelled dredge material
volume does however include a contingency volume above the measured capital soft
clay dredge volume and thus the risk of insufficient capacity is lowered.

Water salinity – water salinity is known to affect the flocculation settling and
consolidation of fine grained sediments by affecting the size of flocculated particles. At
the time the laboratory testing was initiated, an alternate placement location (East
Trinity) which involved dredged material placement in seawater was still under
consideration. At Northern Sands, the existing water is known to be of lower salinity,
however the pumped slurry entering the DMPA is mixed with seawater. It is not
expected this will have a large effect on the final placement outcomes.

Test apparatus – the proposed depth of placement (approximately 12m) is considerably
larger than the placement depths tested in the laboratory. The model’s predictive
capability has been confirmed for placements to the height of the test apparatus (2m),
and it is expected to be accurate for larger heights, consistent with BMT JFA’s
experience.

The modelling does not take into account any effects of wind waves causing
resuspension of fines into the supernatant water. This may impact on the water quality
at the discharge point (noting that water quality management measures previously
discussed may also be suitable to manage these events).

No groundwater seepage (inwards or outwards) is included in the numerical model.

In the numerical modelling, following completion of material placement the water level
remains at a constant level (material remains saturated). It is understood that the
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surface water will be drawn down and drained which (in addition to evaporation) may
result in surface drying of the placed material over time and improvements to the dry
density and finished surface levels.

6 Results

BMT JFA (2017) have previously reported on model calibration details, which can be found in
Chapter 5 of the Dredging and Dredge Material Assessment Report.

Modelling of the dredge placement scenario was undertaken and the resultant average
material placement parameters are reported in Table 6-1. Figure 6-1 indicates the densification
of the material over the duration of the simulation. Figure 6-3 indicates the modelled spread of
the PASS material (266,000m3) that is placed at the beginning of the dredge program into the
southern end of the placement site.

Regarding the overall performance:

:The volume of insitu dredge material may be considered to fit within the placement
area satisfying placed volume requirements, subject to application of tailwater
management measures (refer Section 7.2).

The PASS material is predicted to be located below -1m AHD at completion of the
dredging program (refer Figure 6-3 below).

Regarding the tailwater quality:

Tailwater management measures will be required throughout the campaign, and in
particular during the last 4 days when there may be acute periods of turbidity
exceedance corresponding to the pumping cycle (Figure 6-2). The peak surface water
concentrations at the discharge location in the model are around 20 g/L,). As the model
does not have a feedback loop for reactive water quality management options (such as
short term water level increases or evaporation) the results reflect a case where no
measures are implemented – which would not be the case in practice. Further details
and recommendations on appropriate water quality management measures are
provided in Section 7.2. The other feature to note is the high outfall concentrations at
the time when the flow direction is reversed. This is mainly a product of the limitations
of the modelling approach, in which high concentrations are present immediately
adjacent to the new outfall upon flow direction reversal – in practice, the tailwater would
be monitored to ensure release concentrations were acceptable, and the outfall would
be located away from the intake.

Tailwater management measures are also required during the period 55-63 days prior
to the reduction in dredge rate, during which there are intermittent small exceedances.
This can be easily managed by monitoring turbidity levels and releasing when
conditions return to threshold. Alternatively, raising the water levels at a slightly quicker
rate from day 30 onwards would provide additional volume for supernatant clarification.

Based on the results of the modelling and the additional capacity available in the
revised DMPA, it is anticipated tailwater quality can be managed sufficiently to remain
within the concentration thresholds without the need for the provision of an additional
“polishing” pond.
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Table 6-1 Simulation results

Model Designation Avg. Settled
Bed RL (m)2

Sufficient
Capacity in

DMPA

Avg. placed
dry density –
centreline3

(kg/m3)

Avg. placed
dry density –
conservative4

(kg/m3)

Scenario 1
- end of dredging
- 6 months post start

(December Year 1)
- 18 months post start
- (December Year 2)

3.25

2.2

0.4

Yes

Yes

Yes

317

385

585

308

356

492

Figure 6-1: Progressive placed mass, stored volume, and proportions of material in the DMPA.
The grey is clean supernatant while the light blue is supernatant which is beyond the 100 mg/l
limit but still of low concentration. Green is hindered settling regime, light yellow is fluid mud
while dark yellow and brown are self-weight consolidating mud.

2 Calculated value is based on model centreline geometry averaged along length of DMPA.
3 Represents the average settled material dry density of material above 100 kg/m3. Volumes are based
on centreline geometry.
4 Represents the average settled material dry density of material above 100 kg/m3. Calculated values
represent conservative worst case scenarios based on uniform maximum cell depth.
5 Average settled bed level is assessed 24-48hrs after dredge campaign completion to allow a defined
bed to form
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Figure 6-2: Time Series of Outfall Concentration

Figure 6-3: Approximate distribution of PASS material (red). Chainage is measured from northern
end of DMPA.
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7 Management Opportunities

7.1 Solids Storage Capacity

The final assessed placed density (and hence volume occupied in the DMPA) is influenced by
a range of variables in both the dredge material properties and the dredging methodology
(including duration, average inflow rates and concentrations). The laboratory results (standard
column) achieved dry densities up to 400-450kg/m3, whilst the DMCAT model indicated lower
densities in the range of 320 kg/m3 upon completion of placement (with density increasing from
there over time). Accordingly, flexibility to accommodate possible variations is in our view an
appropriate risk-mitigating approach.

Noting the potential variability of the placed density that may result in practice, it is
recommended that the following contingencies and management measures be included for to
mitigate risk:

1. The settled dry density increases over time, thus reduction of the average dredge
productivity (ie extension of the dredge program) will provide for increased capacity in
the pond.

2. Discharging of the material around the pond, at depth into the pond via multiple outlets
will assist in the even distribution of material into the pond and water quality
management of the tailwater.

7.2 Tailwater Quality

Tailwater discharge quality limits are modelled to be exceeded towards the end of the dredging
campaign when the ponding water available for supernatant clarification is at a minimum, and
subject to influence by short term wind conditions. As the duration of exceedance is relatively
short, suitable tailwater discharge quality can be achieved with the nominated pond capacity
through on-site management measures. Measures to further address modelled intermittent
discharge water quality exceedances include:

Water levels (and hence available capacity) in the primary pond can be advantageously
manipulated by drawdown (as much as is practical) in advance of periods when the
discharge water quality is forecast to exceed allowable discharge quality limits and
through the use of temporary water level increases during periods of high turbidity.

The departure of the modelled results from the operational process is illustrated in
Figure 7-1 below. In the model, flow is assumed steady, with outflow = inflow. When
the model becomes ‘full’ after multiple cycles, the zonal settling interface intersects the
weir location producing higher concentrations of suspended sediment in the discharge.
In practice, during times when the zonal settling interface intersects the weir, the weir
is blocked off and raised, and subsequently drained during periods when the tailwater
quality is acceptable.
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Figure 7-1: Model Constraints (left) and impact of active tailwater management to improve
discharge water quality due to the zonal settling layer (upper flow layer of the DMPA)

Generally, it would be advantageous to avoid placing more water directly into the
reclamation than is necessary to facilitate movement of dredged material. Inflow
turbidity monitoring in combination with a pipe diversion system would allow direct
discharge of low turbidity pumped water (used for the priming cycle for example). This
would avoid the water travelling over / through the reclamation and diluting the
thickening placed material through entrainment.

The dredge contractor will be contractually required to meet the turbidity limits, and may
do so through extension of the dredging program, adaptive dredge management plans
where dredging is responsive to monitored conditions within the reclamation, and
sequencing of dredging to take advantage of spatial variations in material
characteristics, should they be identified.

With these management measures in place, it is not expected that the modelled exceedances
of tailwater discharge quality limits would occur in practice. Furthermore, the inbuilt
conservatism of the model itself means that it is unlikely that the modelled discharges limits
would be reached.
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8 Conclusions

The following key results were obtained from the simulations:

An average placed dry density at the completion of the dredging campaign (short-term)
of ~320 kg/m3 was obtained with a settled bed level of +3.2m AHD. This figure includes
the material trapped in suspension at the completion of the dredging campaign, as the
solids rapidly settle out of the suspension to form the bed surface.

An average placed dry density at the start of the wet season (1 December) of 385 kg/m3

was obtained with a settled bed level of +2.2m AHD.

An average placed dry density at 18 months of 585 kg/m3 was obtained, with a settled
bed level of +0.4m AHD.

The proposed containment area, with MOWL at RL 3.90 enclosing a storage volume of
2,401,000m3, has sufficient capacity to contain the dredged material (740,000m3 with
an in-situ dry density of 0.96 t/m3).

Whilst the model outputs indicates periods of exceedances of water quality thresholds
near the end of the program, this can be addressed through implementation of
management measures such as those outlined below. Particular attention is likely to
be required over the last week of the campaign.

9 References

BMT JFA 2017, Dredging and Dredge Material Placement Report, Ref: R-16021-2 (Appendix
AC of Revised EIS for Cairns Cruise Ship Development Project).

Document Control:

Rev Issue Prepared by Submitted to Date Copies

A Draft – Internal Review ZC TG 02.10.18 1 elec

0 Issued for Use ZS  FCG 05.10.18 1 elec

1 Updated and Reissued ZC PN/FCG 12.10.18 1 elec

2 Updated and Reissued TG/ZC PN/FGC 15.11.18 1 elec









7

G:\Admin\B23336.g.lcm_CSD approvals 
manager\RainfallSummary (002).docx



G:\Admin\B23336.g.lcm_CSD approvals 
manager\RainfallSummary (002).docx

Internal Memorandum

From: Anthony Charlesworth To: Ian Clark

Date: 26 October 2018 CC:

Subject: Northern Sands Rainfall Data

A review of the Australian Bureau of Meteorology (BOM) daily rainfall, was undertaken for the Cairns Aero 
Site (i.e. Station Number 31011).  The station opened in 1941 and is still in operation such that 
approximately 77 year of rainfall data is available.

Cairns Aero Rainfall Analysis (Wet / Dry Period)
An assessment of the rainfall was undertaken to determine the November to April rainfall statistic and the 
May to October statistic.  The results of the assessment are presented in Table 1 below, however, as 
explained in the section ‘ARR (2016) IFD Review’ an increase in rainfall depth of 10% would be appropriate
to account for the limited quantum of data used for the assessment and the period of recording.

Table 1 Wet / Dry Season Rainfall Statistics

Rainfall Statistic Rainfall Depth
(mm)

November to April
(10% increase)

May to Oct
(10% increase)

Max Recorded 3,110 644

0.1% AEP 4,377 (4,815) 1,152 (1267)

0.2 4,093 (4,502) 1041 (1145)

0.5 3,721 (4,093) 901 (991)

1% 3,439 (3,782) 799 (878)

5% 2,774 (3,051) 577 (634)

10% 2,474 (2,721) 485 (533)

20% 2,153 (2,368) 392 (431)

50% 1,650 (1,815) 262 (288)

Graphs of the November to April period and May to October periods for the AEP analysis are provided in 
Figure 1 and Figure 2.
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Figure 1 November to April AEP Rainfall

Figure 2 May to October AEP Rainfall
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BOM Rainfall Analysis
A summary of statistics is presented below as provided by the BOM based on a calendar year for the Cairns 
Aero rainfall gauge site. 

ARR (2016) IFD Review
Further to the rainfall statistics calculated exclusively from the BOM Cairn Aero rainfall gauge data is the 
ARR (2016) IFD table.  As presented in the table below, the 7 day rainfall total for the 1% AEP is 1,190mm.  

Figure 3 ARR (2016) IFD Rainfall Data

It should be appreciated that when analysing the 7-day rainfall statistic for Cairns Aero, the rainfall depth is 
typically 10% to 20% below that determine by ARR (2016).  It should also be appreciated that the ARR 
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(2016) IFD data compared to the 1987 (IFD) data results in a 9.6% increase to the rainfall depth for the 1% 
AEP for the 72 hours event i.e. ARR (2016) 1% AEP 72 Hrs = 908mm vs ARR (1987) – 11.5x72 = 828mm.

Figure 4 ARR (1987) IFD Rainfall Data

Monthly Rainfall Analysis
Provided below is monthly AEP based on Cairns Aero. Similarly, based on ARR (2016) an increase varying
from 2% to 15% applies to account for the quantum of data and recording period.  A 10% increase to the 
standard AEP rainfall statistics is again recommended as presented in Table 2. 
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Table 2 Monhtly Rainfall Statistics

Rainfall 
Statistic

Rainfall Depth
(mm)

November
(10% 

increase)

December
(10% 

increase)

January
(10% 

increase)

February
(10% 

increase)

March
(10% 

increase)

April
(10% 

increase)

Max Recorded 372 919 1417 1287 1127 635

0.1% AEP 617(679) 1658 (1823) 2286 (2515) 1474 (1621) 1461 (1607) 800 (880)

0.2 559 (615) 1392 (1531) 2012 (2213) 1409 (1550) 1392 (1531) 751 (826)

0.5 479 (527) 1084 (1192) 1674 (1841) 1309 (1440) 1286 (1415) 679 (747)

1% 418 (459) 881 (969) 1436 (1580) 1222 (1344) 1194 (1313) 620 (682)

5% 272 (299) 496 (546) 778 (856) 967 (1064) 930 (1023) 461 (507)

10% 210 (231) 363 (399) 635 (699) 829 (912) 790 (869) 383 (421)

20% 148 (163) 248 (272) 488 (537) 668 (735) 629 (692) 297 (327)

50% 68 (75) 118 (130) 281 (309) 401 (441) 367 (404) 166 (183)

Note:  As recommended by ARR (2016), the +10% values should be used for the corresponding AEP.
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Evaporation Data
Evaporation data from the BOM is provided in the following table and graph. 
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