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ExEcUTIVE SUMMARY 

Port and Flarbour Consultants (PHC) have completed an assessment of the potential impacts on the 

hydrodynamic and sediment transport regimes in King Bay, of a proposed expansion of Mermaid 

Marine Group's marine facilities. Two conceptual designs were investigated by PHC, referred to here 

as the proposed concept and a previous layout as modelled. The Proposed development concept is 

shown on the Drawing 930-DC-11. it includes the following facilities: 

A 4000 tonne slipway; 

a main breakwater extending part of the way across the Bay to provide shelter for boat berths 

and pens and to protect the slipway if required during slipping operations; 

a reclaimed area creating a land backed wharf facility to service the Mermaid Marine vessels 

and load vessels at berth; 

enhancement of the existing facility and wharf area; 

dredging of an approach channel and manoeuvring area for the facilities to a depth of-4m 

below C.D; 

cyclone mooring pens for up to 12 key port support vessels. 

This study conducted detailed circulation modelling for representative tidal and wave conditions for 

both the existing and post-development scenarios. The following key issues were identified and 

investigated during this study: 

Potential for impact to the mangrove shoreline due to enhanced accretion or erosion processes. 

Potential for impact on the seabed of King Bay resulting in alterations to the overall circulation 

and water quality within the embayment. 

Potential requirement for maintenance dredging in the proposed facilities and addressing 

dredging strategies to provide an optimised and stable design. 

Potential for sedimentation of adjacent facilities, including the Woodside Supply Base. 

Ambient wind, wave and water level conditions were established using existing tidal information, and 

meteorological data obtained from the Bureau of Meteorology for Legendre Island. In general, the 

wind generated seas are below 0.5m, with periods of between 2-3 seconds. 

The circulation modelling component was conducted using the RIvIA2 finite element model. This 

model allowed enhanced mesh resolutions in the area of interest, and allowed a region of Mermaid 

Sound to be included in the model domain. This was desirable, as past modelling of Mermaid Sound 

had established the degree of tidal lag across the entrance of King Bay. RJvIA2 also offered the 

advantage of dealing with the wetting and drying process of the shallow Bay during flood and ebb 

tides respectively. 

032107200: Rev 0 : 28 June 1999 
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The peak tidal currents for both the existing and post-development scenarios have a relatively small 

maximum of 0.3 mIs. These values are especially relevant in light of the threshold levels for 

mobilising sediment. Under neap and average tidal conditions, the currents fall to approximately 

0.1m/s in the central region of King Bay. Currents are significantly smaller under all conditions in the 

lee of the development site and particularly in the mangrove areas. The exception to these 

generalisations occurs in the entrance to the basin midway along the breakwater. The relatively narrow 

nature of the entrance accelerates the flow to approximately 0.5 m/s at peak tides. 

In light of the requirements and related issues of this study, the following key conclusions resulted: 

No notable changes to the circulation and morphological processes within King Bay are 

expected due to the revised development. 

Negligible change in sediment transport regime is expected within the mangroves and the 

mangrove margins. This results from the relatively low currents in these shallow water areas 

and the resulting small net change pre- and post-development. Where small amounts of 

transport were observed, little variation between the two development scenarios was found. 

Minimal changes in transport rates and circulation in the areas immediately to the west of the 

proposed groyne and east of the proposed wharf were observed. These changes may be of 

potential benefit to the mangroves by maintaining a stable coastal margin. Sedimentation of the 

fines in the wash load are expected to deposit adjacent to the mangrove areas at existing rates. 

No change to the tidal range within the Bay is expected due to the construction of the groyne 

and wharf structures. As a result, no change in the local extent of the tidal prism is expected. 

A small, localised accumulation zone to the immediate east of the proposed basin was observed 

in the model results. This is most likely indicative of deposition within the eastern basin area, 

where currents decelerate rapidly and bedload deposition is expected. Specifically the results 

suggest that a siltation allowance be provided locally in this area to ensure that any local 

siltation is contained for easy removal. 

It is expected that there may be some scouring and/or deposition in the entrance and at the 

southern end of the breakwater due to local ised velocities. These local ised velocities exceed 

the sediment mobilisation velocity in the area for a short time during the peak tidal flows. 

Special detailing for toe scour protection of the breakwaters will be necessary in these areas to 

ensure integrity of these structures. 

Final entrance gap width will be reviewed in detailed design for wave penetration and current 

speeds influence on vessel handling to ensure an efficient entrance design. This may result in 
ZD 

minimal widening of the entrance where possible, which will have positive effects on current 

and circulation regimes. 

The large tidal range will lead to the exposure of channel and basin batters at low tide during the 

drying cycle of the tide. This may lead to enhanced erosion due to drainage at these stages of 

the tide and the possibility of direct wave attack. In order to alleviate this effect, it is 
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recommended that flatter, more stable, batters be utilised in the design. Future slope protection 

strategies may be required in selected areas. 

The large tidal range together with the residential current system ensures good exchange and 

mixing take place within the proposed harbour basin and King Bay region with an e-folding 

time in the order of less than one day on average. It is therefore possible to maintain high water 

quality in both areas due to the high quality source water and by adopting sound management 

practices. 

No change in the circulation and sediment transport within the Woodside Supply Base facility, 

and the associated approach channel, are expected. The proposed development is not expected 

to lead to a greater volume of suspended sediment within King Bay, suggesting that there will 

be no increased potential for impacts on the Woodside facilities. 
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1. 	INTRODUCTION 

Port and Harbour Consultants (PHC) have been commissioned by Astron Environmental to complete 

an assessment of the impact to the hydrodynamic and sediment transport regimes from the proposed 

Mermaid Marine Group marine facilities expansion in King Bay, Dampier. Environmental design 

criteria have also been established during this study. The proposed development concept is shown on 

the attached Drawing 930-DC-11, provided by Astron Environmental. 

The proposed marine facilities include: 

A 4000 tonne slipway, extending into water depths of 1 .Sm below chart datum (C.D) to 4.Om 

below C.D. 

A main breakwater of approximately 350 metres length enclosing the harbour basin. This 

breakwater is required to provide shelter for the slipway and berthed vessels during various 

offloading and maintenance operations and importantly act as protection against waves for the 

proposed cyclone mooring pens. 

Extension of reclamation to create a land backed wharf facility to service the Mermaid Marine 

vessels and offloading berths. The length of wharf in the proposed ultimate development is 

400m. 

Enhancement of the existing ramp facility and wharf area. 

Dredging of an approach channel and manoeuvring area for the facilities to a depth of-4rn 

below C.D. 

Cyclone mooring pens of up to 12 key support vessels. 

Previous analysis has been completed on behalf of Mermaid Marine for a marine facilities project 

scope excluding the cyclone pens. The industry needs for a cyclone haven for tugs and other key 

support vessels has been an ongoing issue in Dampier. The important requirement relates to improved 

safety and risks to key port operators and as a result the proposed concept has been further developed 

to meet this objective. 

The circulation and sediment transport studies were necessary to determine if any potential impacts 

would occur in the King Bay area. The specific concerns were as follows: 

Potential for impact on the mangrove shoreline, including enhanced accretion or erosion which 

may cause local mangrove recession. 

Potential for impact on the seabed of King Bay, including enhanced erosion and accretion 

affecting the overall circulation and water quality within the embayment. 

Potential requirement for maintenance dredging in the proposed facilities, which may affect the 

overall viability of the project, and where possible to address dredging strategies to provide an 

optimised and stable design. 
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Potential for sedimentation of adjacent facilities, particularly the \Voodside King Bay access 

channels and basin area, as a result of the proposed facilities. 

The work required some understanding of the impacts of the existing foreshore development at the site 

to provide an understanding of the processes. In addition, it was confirmed that the approach to 

understand these processes must rely on numerical modelling of the circulation and sediment transport 

regimes of King Bay. This was done in consultation with Astron Environmental who are the 

Environmental Consultants for Mermaid Marine on this project. 

This study required the use of a sophisticated numerical circulation modelling package, RM42. This 

model was of particular benefit to the study due to it's capabilities in resolving the flooding and drying 

process prevalent in King Bay, and the ability to concentrate computational effort near the 

development site. The sediment transport model, BEAST (Bed Evolution And Sediment Transport), 

which is compatible with RMA2 and allows for the application of a number of widely used sediment 

transport formulations, was adopted for the study. This model simulates the initial erosion and 

sedimentation rates within the model domain, and translates these into bed level changes. In cases 

where the bed level changes are significant, the results can be fed back into the hydrodynamic model 

to incorporate the full flow evolution. The models are discussed in more detail in Sections 5 and 6 of 

this document. 

To provide preliminary estimates of the environmental design criteria relevant to the project, a desk 

top study was conducted to provide indicative estimates of the ambient and extreme conditions at the 

site. Ambient conditions were necessary for the circulation modelling and the estimates for use by 

Astron in addressing the design feasibility. 

The results of this work are to be applied by Astron in the environmental reporting to address the key 

environmental issues. 
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SITE DESCRIPTION 

2.1 	General 

The Mermaid Marine Service Facility (MMSF) is located on the northern shore of King Bay, 
Dampier. King Bay is a small water body on the western side of the Burrup Peninsula, and has depths 

ranging from -Sm to +2.5m CD. The level of MMSF is approximately +1.5 CD at present. The 

location of King Bay and MMSF are shown in Figure 2.1. 

Figure 2.2 contains an aerial photograph taken over the site in 1987. The darker margin surrounding 
the Bay shows the extent of mangrove growth, which typically occurs from Mean Sea Level (MSL) to 

Mean High Water Springs (MHWS). Mangroves are important to both the hydrodynamic and the 

sediment transport regimes. Over a tidal cycle, the mangrove regions act as a type of "storage" for 

flooding tidal waters, modifying the tidal prism of the Bay. Due to the increased resistance to flow 

generated by the complex root and branch structures of the mangroves, tidal currents are small and this 

promotes stability of the sediments and shoreline. 

Mangrove regions are also effective attenuators of short period wave energy, which also contributes to 
shoreline stabilisation. Figure 2.3 shows two photographs taken during a site visit in April 1998: the 

typical bed forms associated with the mangroves are shown in the upper panel and an indication of the 

overall growth of the mangroves at the development site is shown in the bottom panel. This 

photograph also shows a portion of the existing groyne in the distance. 

Figure 2.2 also shows that at the time the aerial photograph was taken, much of the eastern region of 

King Bay was dry. The shallow, flat King Bay seabed dries to some extent on every tidal cycle, due to 
the macrotidal range. Table 2.1 shows the tidal constituents for King Bay, while Table 2.2 shows the 

relevant tidal water levels. The mean tidal range at the site is approximately 2.5m. 

Figure 2.2 also shows the location of the existing groyne, which is surrounded on either side by 

mangrove growth. The existing groyne extends approximately 50m into the Bay. 

2.2 Proposed Development 

The proposed upgrade of the MMSF is shown in Drawing 930-DC-11. The bathymetry at the site will 

be modified both by the proposed marine structures and by dredging to and below the bedrock level. A 

new groyne will be constructed to the west providing protection for the operational area. The first 

stage of the groyne will extend approximately 230m from the MSL line with a 30m gap to provide 

entrance for vessels and with second stage continuing a further 140m south of the gap. The groyne will 
support reclamation adjacent to the proposed wharf structures and will require design detailing for the 

support of the reclamation fill material. The approach channel and a basin area will be dredged to a 

nominal depth of-4m. 
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2.3 Sediment Characteristics 

The potential for sediment transport at a site is strongly dependent on the characteristics of the 
sediments themselves. In particular, the grain size distribution and the density of the particles are of 

importance, and must be assessed by field sampling. 

From the aerial photograph presented in Figure 2.2, the bed colour gradient across King Bay suggests 

a variation in the sediment characteristics (specifically size grading) between the central and near-

shore regions of the Bay. The lighter colour of the sediments in the near-shore regions is indicative of 

a layer of finer material than in the central region, where the sediment transport regime may be more 

energetic. 

Eight sediment samples were collected for analysis from King Bay (see Figure 2.4), including 4 near 

the existing groyne. The results of the Laboratory analysis are included in Appendix B, and are 

summarised in Table 2.3. The grading of the sediment can be parameterised by the d90, d50  and d10  

particle sizes, and their respective ratios d90/d50  and d901d10. 

Samples 1, 2, 2A and 3 contained material of an intermediate sorting, although sample 2 contained a 

wider range of particle sizes. All of these samples contained less than 5% fine material 

(diameter < 75irn). Larger quantities of fine material were found in samples I B-4B which were 

collected in the near-shore region, confirming the assessment made from the aerial photograph that 

little sediment mobilisation occurs in this area. Generally, sand/silt mixtures are more resistant to 

erosion when around 10% of material is finer than 62p.m (observed for samples IB-4B), due to inter-

particular cohesion (Soulsby, 1997). Their presence can also indicate a low magnitude of tidal flow, 

allowing initial deposition of the silty material, reflecting the nature of the mangrove margin where 

these samples were taken. 

The computation of sediment transport potential, and therefore expected patterns of erosion and 

deposition, requires selecting appropriate representative values for d50  and d90, and also the specific 

gravity of the particles, s. From analysis of the data in Table 2.3, a d50  of 0.2mm and a d90  of 1.0mm 

were chosen as being representative of the Bay as a whole. The value of s was also determined by 

analysis of the field samples to be 2.75 (density = 275 Okgtn). 
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3. 	STUDY METHODOLOGY 

In order to assess the level of impact expected due to the proposed development, a detailed study 
approach was required. The essential study issues related to an altered circulation or sediment 
transport regime causing adverse effects to the existing environment or to the projects technical 

viability. 

The study began with the assessment of the site conditions and determining the ambient and extreme 
design wave and water level conditions. A detailed numerical circulation model was then applied to 
the region, including the effects of the lare tidal rane on wetin and drin within the Bay. g 	g 	g 	yg  

Required parameters, such as bed friction coefficients, were extracted from the literature. 

After the completion of the circulation modelling phase for both the existing and the proposed layout, 

the ambient wave field and the current time-series were used as input to a sediment transport model 
capable of resolving the transport potential and bed evolution over the model domain. Where 
available, model parameters were defined using the results of the sediment analyses of the site 
samples. \Vhere this was not possible, values were selected from the appropriate literature, 
considering the characteristics of the existing field samples. A sensitivity study was also performed 
for the more critical parameters to ensure the impacts of their selection on the numerical results were 

understood. 

The outcomes of the circulation and sediment transport modelling have allowed the impact of the 
development to be assessed. Specifically, the stability of the mangrove shoreline, the overall impact 
on King Bay and the potential for maintenance dredging of this and other surrounding facilities were 

addressed. 
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4. 	DESIGN WAVE AND WATER LEVEL CONDITIONS 

The design wave and water level conditions have been assessed at Desk Top study level to provide 

input to the design of the proposed development and the sediment transport modelling described in 

Section 6. Extreme conditions are more critical for the structural design, while ambient conditions are 

important from a sediment transport perspective. The results are discussed in the following sections. 

	

4.1 	Ambient Conditions 

4.1.1 Water Levels (Tides) 

The occurrence of ambient water levels is essentially governed by the tides cycling through spring-

neap periods. A summary of the important tidal levels, as provided in The Australian National Tide 

Tables (1994) is given in Table 2.1. 

4.1.2 Winds 

Data was obtained from the Bureau of Meteorology (BOM) for a weather station located on Legendre 

Island for the period 1992-1998. Percentage occurrences were available for 16 directional bands and 

8 speed categories. The resulting matrix is shown in Table 4.1. 

The dominant direction band is seen to be in the SW to \V sector, where 40% of all wind records 

occurred. 5-10% of winds come from the north-west. These sectors are of primary importance to the 

wave climate at the site. 

Approximately 50% of winds have magnitudes between 3.6 and 7.1 m/s, while 12% exceed 8.3m/s. 

The resolution offered by BOM did not permit a more detailed analysis. PHC's experience in this 

region indicates that the 5% exceedance wind speed is approximately 1 OmIs. 

4.1.3 Waves 

Due to the protected nature of the site, ocean swells are significantly attenuated prior to reaching the 

site. Thus the local wave climate is driven predominantly by wind generated seas arriving from the 

SW—NW sector. The SW approach is of minor significance as the fetch is short (approximately 1km). 

The westerly winds have a longer fetch of 8km over which to transfer energy onto the sea surface 

where the average depth is 8m CD. The fetch increases to 10km (average depth lOm) as the wind 

direction swings around to the northwest. 

Based on these fetches and depths, and the ambient wind conditions presented in Section 4.1.2, the 

local ambient wave climate can be estimated using the standard formulae for wind generated wave 

growth in shallow water (CERC, 1984). These calculations are presented in Table 4.2 for the range of 

wind speeds and fetches discussed above. 
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The results show that the ambient wave conditions range from 0-0.5rn H5  with periods of up to 3 

seconds. From Table 4.1, it can be seen that approximately 30% of wind occurrences are in the SW to 

NW sector with magnitudes between 3.6 and 7.1 m/s. These conditions generate waves 0.05m-0.4m 

1-Is. In general, it can be concluded that the ambient wave conditions are reasonably calm for this site, 

reflecting its suitability as a harbour development. 

4.2 Extreme Conditions 

4.2.1 Water Levels 

Extreme water levels due to cyclonic storm surge have been previously assessed by PHC and were 

made available by the Dampier Port Authority. This data is presented in Table 4.3. 

4.2.2 Extreme Winds 

Extreme wind magnitudes have been estimated using the Australian Wind Code AS 1170.2. Dampier 

is located within Region D - the Severe Tropical Cyclone belt. Consequently the extreme wind speeds 

are high, even for short return period events. 

AS 1170.2 gives the recommended 3s gust values as 

U35 r23 +9logR 

where R is the return period of the event. For open water, unsheltered by topographical features, a 

Terrain Multiplier of 1.0 is applicable. Table 4.4 shows the calculated values of the 3s gust for a 

number of return periods. The 3s gust has also been converted to wind speeds at other durations for 

use in determining wind generated waves and structural wind loads. 

The severity of the extreme wind climate is clear, with the 5 year return period 3s gust being 

equivalent to 135 km/hr. 

4.2.3 Extreme Waves 

The extreme winds as presented in Section 4.2.2 were combined with the tidal data and the extreme 

water levels prescribed in Section 4.2.1 to produce estimates of the design wave heights at the 

Mermaid Marine site. The results are presented in Table 4.5, for the 50 year return period water level 

of +6.2m C.D, neglecting any depth limitations at the site of the proposed facilities. 

The 50 year event is predicted to produce waves between 2.7m and 3.1m, depending on the wind 

direction. This may be a conservative estimate, since the directionality of the wind has not been 

considered, which may provide for reductions rather than selecting that coincident with the longest 

fetches to the site. The wave period is approximately 5s. 

An assessment was also made of the transformation of cyclonic waves propagating past King Bay in 

Mermaid Sound from the month, diffracting around Phillip Point and reaching the site. A maximum 

value of 20% of the wave height in Mermaid Sound was judged to be a conservative estimate. 
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Combining this result with past analyses, an extreme wave estimate (using the energy addition 

method) for the site was obtained. These results are presented in Table 4.6 for the 10, 25, 50 and 100 

year return period cases. 

The shallow bathymetry at the site required that the design wave heights be further assessed, due to the 

possibility of depth limitation. In shallow water, on a flat bed, the maximum unbroken wave height 
has been determined on the basis of a large data set of field and laboratory observations. Applying the 

theory of Nelson and Gonsalves (1992), the maximum unbroken wave height is 0.55h, where h is the 

water depth. Goda and Morinobu (1997) presents an alternative theory, which included a dependence 

on the wave period, T. This results in an estimated range of allowable ratios of 0.55 - 0.61. For the 

purpose of this study, a value of 11b = 0.6h has been adopted. 

The right hand column of Table 4.6 shows the depth limited wave heights for the various return period 
water levels (the elevation of the Mermaid site is assumed to be +1.0rn C.D). It is clear that at each 
return period the maximum wave heights are depth limited and less than the predicted significant wave 

heights. These values are recommended for design purposes. 
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5. 	CIRCULATION MODELLING 

	

5.1 	RMA2 Model Description 

The circulation modelling component of this study was completed using the RMA2 finite element (FE) 

model. This model solves the non-linear equations of motion, resulting in the elevation and depth-

averaged velocity fields over an arbitrary domain, represented by a variable sized element network. 

FE models offer particular advantages in complex regions or where an interior portion of the domain is 

required to be resolved to a greater degree of accuracy than the whole. This feature was an important 

consideration in the selection of RM42 for this study. 

A further advantage of RMA2 is the ability to include wetting/drying in the simulations. The large 

tidal range and shallow, flat bathymetry of King Bay made this an essential requirement for this study. 

As discussed previously in section 2.1, large regions of the King Bay seabed are exposed during the 

tidal cycle, while the mangrove regions are also periodically inundated. 

RIvIA2 allows specification of appropriate boundary forcing functions, such as the tide, river inflows 

and wind stress. Tidal forcing and wind stress take the form of input time-series allowing individual 

tidal and meteorological events to be modelled. The flow field is subject to variable bottom friction, 

which is specified on a regional basis to account for bed roughness variations, such as due to 
mangrove growth. The effect of bottom friction is incorporated as a quadratic stress term in the 

momentum equations. 

	

5.2 	Model Setup 

5.2.1 Bathymetry 

The primary sources of bathymetric information for the region were AUS charts 57, 58 and 59. 

Additional high resolution survey information for King Bay was obtained from Fugro Survey Pty Ltd 

(Fugro), with permission of the Department of Commerce and Trade. The Fugro survey was 

conducted on 22nd-23rd April 1997 and offered depth soundings at a horizontal resolution of 
approximately 0.25m. This information is included in the attached Drawing C 1280/95 CN 02. 

Contours, spot-heights and the coastlines of the AUS charts were digitised and combined with the 
Fugro data set and a bathymetric model network constructed. Most of the detail was required in the 

vicinity of the Mermaid Marine site and adjacent mangroves. This region of the network was further 

refined using available aerial photos of the region, which were also of use in defining the extent of the 

mangrove growth. 

Assumptions were required as to the relative level of the lower and upper extents of the mangroves 

where little survey data was available. These areas were inspected in detail during the site visit. On 
the basis of observations at the site and aerial photographs at varied tidal states, the lowest line of the 
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mangroves was assumed to be at Mean Sea Level (MSL), with the upper extent situated at Mean High 

Water Springs (MHWS) (see Table 2.1 for tidal levels). 

The completed model network for the existing domain is shown in Figure 5.1. Note that the overall 

extent of the network includes a large region of Mermaid Sound to the north and south-west. This was 

done in order to provide realistic tidal forcing across the entrance to King Bay itself. This is further 

discussed in Section 5.2.2. The final network was comprised of 599 elements and 1799 nodes. 

The network shown in Figure 5.1 was modified to incorporate the development proposed by Mermaid 

Marine. Drawing 930-DC-I I (attached) supplied by Astron was used to implement the altered 
bathymetry and the resulting model network is shown in Figure 5.2. The approach channel and 

dredged basin were defined at -4m CD regardless of underlying bed rock level. This network 
comprised 1113 nodes and 3009 elements, with approximately 80% of the elements located within 

King Bay. 

5.2.2 Tidal Forcing 

The dominant environmental forcing function is the tide. Tidal forcing was applied to the RMA2 

model at the northern and south-western open boundaries (see Figures 5.1, 5.2). The tidal forcing 
time-series was generated from the constituents given in Table 2.1 for the period of January 1 - 

February 5, 1998 inclusive. This tidal set allowed for investigation of the tidal flow in King Bay 
during neap and spring tide periods and was also sufficient in length such that a 29 day residual 

(average) current could be determined. The long simulation period was also required for the 

resolution of the sediment transport regime of the site, as discussed in Section 6 of this report. 

In order to correctly specify the tidal forcing at the entrance to King Bay, the tidal lag between the 

model open boundaries needed to be determined. Previous numerical modelling in the region (PHC, 

1997, Confidential Report) had allowed the lag over a larger distance through Mermaid Sound and 

Mermaid Strait to be estimated at approximately 5 minutes. The previous modelling work was 
calibrated against current measurements made in Mermaid Sound. A tidal lag of 3 minutes was 

chosen for this study, consistent with the reduction in distance between the open boundaries of the 

present model network. 

To ensure that the results of the circulation modelling would not be sensitive to selection of the 

boundary phase lag, sensitivity tests were conducted using lags of 1, 3 and 5 minutes. Analysis of 

these test results indicated that the circulation near the study site was insensitive to the value of the 

boundary lag, as the volume of King Bay essentially behaved as a tidal wedge responding to forcing at 

the entrance (as discussed in Section 5.4). 

5.2.3 Bed Friction 

A measure of the roughness of the submerged regions in the model domain is parameterised by a 

Manning's n value within each computational element. For the majority of the domain, n = 0.025 was 

assumed, consistent with clean natural channels (Gerhart and Gross, 1985), while in the mangrove 

region n = 0.10, representative of heavy brush, was assumed. The regional specification of bed 
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friction is shown in Figure 5.3, which essentially shows the location of mangroves within the model 

network (existing case only). 

5.3 Simulation Cases 

Simulations were conducted for the 35 day tidal period discussed in Section 5.2.2 for both the existing 

and proposed layouts. This allowed the circulation to be assessed and compared for typical spring to 

neap tidal conditions. Neap tidal conditions occurred between days 2 1-24 of the simulation period, 

while springs were experienced during days 29-32. 

The results have been presented in the form of both time-series at points of interest and vector plots at 

various stages of the tide. Figure 5.4 shows the location of the time-series output points for the 

existing layout. 6 in all were chosen, with 1 at the entrance to King Bay, 2 located along the centre 

selection of the Bay, I adjacent to the groyne, 1 in the mangrove region to the east and a further point 

just seaward of the mangrove line. Figure 5.5 shows the similar points for the proposed layout with 2 

additional points: one at southernmost edge of the breakwater and the other in the middle of the 

entrance to the dredged basin. 

5.4 Results 

5.4.1 Existing Layout 

General Circulation 

The general depth-averaged tidal circulation patterns during peak flood and ebb spring tide are shown 

in Figures 5.6 - 5.9. During flood flow, the currents are aligned predominantly with the main axis 

(east-west) of King Bay. Current magnitudes are a maximum near the centre of King Bay, reaching 

0.25 - 0.3 m/s adjacent to the existing groyne area. To the south, the flow diverges slightly where the 

Bay opens up, before contracting at the eastern end of the Bay. As expected, the flooding flow 

magnitudes in the wet areas of the mangrove regions is much less than in the main Bay area. 

Currents in the lee of the groyne are also much smaller than those in the more central region of the 

Bay (Figure 5.8). The groyne itself deflects the flow around the mangrove region to the east of the 

groyne, resulting in much smaller flood currents in this area (0 - 0.07 m/s). This sheltering may be 

expected to have implications for sediment transport potential nearshore to the mangroves, although 

this is not expected to be significant. The observed low current regime in the mangrove margins is 

compatible with the observed deposits of fine materials in these areas, as noted above. 

During peak ebb flow, the currents again are aligned with the east-west axis of King Bay. Peak 

magnitudes of 0.25 m/s can be seen in Figure 5.7, which also shows the flow contraction in the 

vicinity of the existing groyne. Again, the flow magnitudes on the margins of King Bay are much 

smaller in the main flow channel, as may be expected due to the observed distributions of fine 

sediment. 
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Figure 5.9 shows the peak ebb flow near the site. As with flood flow, the ebb currents are deflected by 

the groyne, leading to reduced currents (of already small current magnitudes) in the nearshore region. 

The circulation within King Bay during the neap tide period is shown in Figures 5.10 - 5.13. In 

general the alignment of the currents and overall patterns are consistent with the spring tide results, 

however the flow magnitudes are significantly reduced. Both flood and ebb currents have magnitudes 

of less than 0.1 m/s in the central region of King Bay. 

Time Series 

Time series output of the tidal currents at the six locations shown in Figure 5.4 are presented in 

Figures 5.14- 5.19, for the full 35 days simulated. 

The most westward node, 64, shows weak peak currents of up to 0.05 m/s during spring tides, with a 

much lower flow during neap tides (Figure 5.14). Further east, the effects of the wetting and drying of 

the shallow region of the Bay become apparent from the flat zero regions on the plots. During neap 

tides however, nodes 247 and 1016 (Figures 5.15 and 5.16) remain wet at all times. 

The maximum current magnitudes modelled were at node 247 and approach 0.3 m/s during spring 

tide, and are less than 0.1 m/s during neaps. The current is also dominated by the east-west 

component, aligned with the Bay axis. Further east, maximum currents are reduced (see Figure 5.19 

for example). 

The series of nodes 326, 323 and 338 (Figures 5.19, 5.18 and 5.17 respectively) shows the transverse 

distribution of the current: current magnitude ratios are 1,0.5 and 0.1. The latter is expected due to 

attenuation of current flow by the mangroves. 

Residual Currents 

Average, or residual, currents were computed from 29 days of3O minute increment velocity vectors 

for the domain to give an indication of the net transport in King Bay, neglecting the influence of the 

wind. The results are shown in Figures 5.20 and 5.21. 

Within King Bay, two main tidal residual eddies are shown, with asymmetry generated at the existing 

groyne and due to the geometry of the southern shore. The magnitudes are very small, being less than 

0.005 m/s. 

Near the existing groyne, the deflection of flood and ebb tidal flows creates a convergence and 

subsequent divergence zone at the structure head. This results from the presence of two counter-

rotating residual eddies. Importantly, the net transport path for suspended materials is south-west, 

then westward out of King Bay. 

5.4.2 Proposed Layout 

General Circulation 

Figures 5.22 - 5.25 show the predicted spring tide circulation patterns for ebb and flood phases with 

the construction of the proposed development. Figure 5.22 shows the presence of regions of 

accelerated flow in the order of 0.4-0.5 m/s in the entrance to the basin and at the southernmost tip of 
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the breakwater. The dredged basin provides relatively sheltered regions to the east and north of the 

new groyne structure with current approximately 0.1 - 0.2 m/s at this time. The slipway in the north-

eastern corner of the basin provides a slight distortion and acceleration of the ambient flow field, 

which averages approximately 0.2 m/s over the whole bay. 

During ebb flow, as shown in Figures 5.23 and 5.25, the flow magnitudes again are approximately 

0.20 m/s with exceptions to this occurring in the same locations and of the same magnitude as for the 

flood tide. 

Figures 5.24 and 5.25 show the flow fields in the near vicinity of the Revised development. At the 

southern edge of the groyne and the groyne entrance the flow magnitudes can clearly be seen to peak 

around 0.5 m/s, while the currents associated with the basin berthing and boat pens are much smaller 

(0.05 - 0.1 m/s). 

Again, the neap tide flow patterns are similar, with an approximate reduction of 2/3 compared with 

spring currents. 

In general, the circulation pattern within King Bay remains essentially unchanged to that of the 

existing conditions excepting the area within the basin area and adjacent to the entrance groynes. 

Time Series 

Time series at the nodes shown in Figure 5.4 are presented in Figures 5.30 - 5.37. Figure 5.30 shows 

that the peak tidal currents expected to the south of the development are 0.2 - 0.25 m/s. To the east of 

the facility (node 306, Figure 5.34) the velocities are greatly reduced, reaching peaks of 0.07 m/s 

during spring tide. 

Flow within the mangroves remains at around 0.02 m/s, although the region is dry during much of the 

tidal cycle (see Figure 5.33). As with the existing layout the three east-most nodes show the lateral 

velocity distribution from the central part of the Bay into the mangroves. The velocity ratio again is 

1:0.5:0.1 across this set of nodes, indicating no changes in preferential flow regime of King Bay and 

no acceleration or change in flows for the mangrove margin. 

Figure 5.36 presents the time series for a node in the breakwater entrance and Figure 5.37 shows that 

for a node near the southern tip of the breakwater. The sharper, smaller contraction at the entrance 

causes a velocity peak of 0.5m/s in comparison to 0.3m/s in the wider gap between the shoreline and 

end of breakwater. Final entrance design width will need to consider these values as they effect vessel 

handling and manoeuvrability. Toe stability of the structures in areas will also need to be considered 

in detail. 

Residual Currents 

The 29 day residual currents were also computed for the proposed development simulations and are 

shown in Figure 5.38 for the whole of King Bay and Figure 5.39 for the area adjacent to the proposed 

facility. The general pattern is similar to that of the existing case, with tidal asymmetry promoted due 

to the protruding groyne and slipway features, leading to ebb and flood dominance on either side of 

the facility. As would be expected the relatively rapid velocity variations around the entrance leads to 
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large residuals in this area. The residual transport path from the facility is predicted to remain tending 

westward to Mermaid Sound, which together with the strong residual current and mixing creates an 

environment condusive to the exchange and flushing of pollutants. 

These residual currents do show circulation in the deeper basin and the closed areas adjacent to the 

slipway with the benefit of good water exchange in these critical areas as well. 

5.4.3 Comparison with Previous Work 

The magnitude and general circulation patterns for the proposed development described in Section 5.4 

are extremely similar to those simulated in a previous modelling exercise by PHC (Dampier Marine 
Services Facility: Environmental Assessment, PHC, 1998). By extension, these circulation patterns in 

combination with the wave patterns described above will produce sediment transport behaviour of an 

analogous type to the original study. This assumption is considered to be a conservative one as the 
breakwater modelled in this development is significantly larger than that of the previous investigation. 

Consequently the sheltering effect against wave action should be much greater and wave motivated 
sediment transport proportionally reduced. The effect of this reduction will be to reduce transport 

potential to zero due to the currents not exceeding thresholds for motion in most areas of King Bay. 

As mentioned in Section 1, one the primary concerns from an environmental impact perspective was 

the destabilising of the existing mangrove habitats. A change in the amount of time that a given 
mangrove spends submerged will determine when the habitat as a whole appears to retreat or advance. 

The surface elevations shown in Figures 5.30-5.37 can be used to generate 'submergence curves'. This 

is achieved by creating a histogram of the number of times, the water level reaches a given depth. 

Figures 5.40— 5.42 show both the histograms and submergence curves for 3 nodes across King Bay 
for both existing and proposed developments. From Figure 5.40 and Figure 5.41 it is clear that very 

little change in the water level in the mangroves with the construction of the Revised development. (an 
average of 0.02m across the mangroves most of which may be attributable to node selection and 

numerical accuracy). Figure 5.42 illustrates that the water level near the southern tip of the breakwater 

also undergoes no significant change. This is a positive outcome for the mangrove health which 

together with the strong circulation patterns indicate positive findings. 
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6. 	SEDIMENT TRANSPORT MODELLING 

	

6.1 	Model Description 

PHC have developed the Bed Evolution And Sediment Transport (BEAST) model, which is compatible 

with the RMA-2 circulation model described in Section 5 of this report. The sediment transport field 

is computed using the input current field and an optional constant, non-directional, wave field over the 

domain. This form of model can be classified as an ISE (Initial Sedimentation and Erosion) model, 

and is expected to yield a reliable estimate of the results of a perturbation (e.g. by a new development) 

to the local flow regime (Abbott and Price, 1994). 

The model includes several transport formulae for current and wave-current generated sediment 
transport. These formulae have all been widely applied in the literature and are expected to provide a 

good indication of the magnitude of sediment transport rates at the site. In view of the low dynamics 
of the sediment transport regime in King Bay (as discussed herein), field calibration of the model was 

limited to site reconnaissance and calibration with historically observed trends adjacent to the existing 

facilities. 

For the modelling of sediment transport driven by tidal currents (neglecting wave effects), the Nielsen 

(1992) formulae was adopted, due to it's demonstrated excellent fit to a wide range of bed load 

transport data (Soulsby, 1997). This form includes a sediment motion threshold condition, which is 

discussed further in Section 6.2. Further information on the sediment transport formulae is given in a 

technical appendix attached to this report. 

Modelling of sediment transport induced by both currents and waves was conducted using the Bijker 

(1967) method. This formulation is based on the concept that the presence of waves increases the 

amount of energy available to suspend sediment of the seabed, which is then transported in the 

direction of the mean current flow. This formula has been widely used during the past 30 years and is 

described in further detail in the attached technical appendix. 

Once the transport potential and direction are determined at each node in the domain, the change in 

bed level at each element is computed for that time-step and the process repeated throughout the 

simulation. As the magnitudes of the change in bed level, and hence flow magnitude, were small, the 

circulation field was not recomputed in the manner of a morphological evolution model. 

	

6.2 	Sediment Transport Potential 

The potential for sediment transport can be predominantly assessed on the basis of the known 

sediment characteristics, together with the ambient wave and current conditions. For sediment to be 

mobilised from the bed, marking the initiation of sediment transport, sufficient drag must be exerted 

on the particles. 
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For the case of currents only, the Soulsby relationship for threshold current speed (Soulsby, 1997) can 

be applied. Figure 6.1 shows the dependence of the threshold current speed on grain size and water 

depth. For the observed range in d50  the threshold speed is around 0.3 m/s in shallow water and 0.4 

m/s in deeper water. In light of the circulation modelling results presented in Section 5, these results 

confirm that it is unlikely that any sediment transport of significance will occur due to tidal currents in 

the absence of wave motion. The proposed development, with the sheltering influence resulting from 

the breakwaters, further reduces this potential. 

In the presence of waves, Komar and Miller(l974) give expressions for the required threshold orbital 

velocity. By including an expression for orbital velocity as a function of wave height, the threshold 

wave height conditions (given the wave period, 1) can also be estimated. Both these criteria are 

plotted in Figures 6.2 and 6.3. The figures show that under the calm ambient conditions present in 

King Bay, wave motion can be expected to initiate sediment transport only in the shallower regions. 

However, due to the large tidal range, we may expect that most of King Bay seabed will have particles 

mobilised during a tidal cycle. The magnitude of the resultant transport remains to be assessed. 

Sediment is transported in two main ways: as a bed load or a suspended load. The bed load is 

comprised of those particles that are mobilised at the bed, and then subsequently settle back to the bed 

in a continuous cycle. The suspended load is carried in the entire water column, and is usually 

comprised of very fine particles (small settling rates), resulting from the diffusion of sediment due to 

turbulence. The total sediment transport load is comprised of the sum of bed load and suspended load. 

In general, the suspended load can be related to the bed load transport by a factor. This can be useful 

when the available empirical formulations for bed load are more suitable than those for total load. For 

the purpose of this study, all computations were made using bed load formulations, and the total load 

determined by using the Soulsby—Van Rijn relationship (Soulsby, 1997). 

The Soulsby—Van Rijn relationship shows that the ratio of suspended load to bed load transport is 

given by 

2.4 

[Dhd50 I 

Where 

h 	is the local water depth and 

D. 	is the non-dimensional particle size parameter. 

For the range of parameters at the King Bay study site (h=0-5m, d50=0.2mm, s=2.72), R is 

approximately 4-5. This means that the total load transport is approximately up to 5 times the bed 

load. This value has been adopted for this study. 

The model results are presented in Section 6.4 for the bed load component of the transport. The 

impact of the predicted total load transport is discussed in Section 7. 
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6.3 Run Cases 

Simulation cases for the sediment transport modelling were selected on the basis of the derived 

ambient wave conditions presented in Section 4.1.3. Three representative wave scenarios were chosen 

to represent the range of expected ambient conditions (Table 6.1), along with a test case without waves 

present (currents only). As discussed in Section 6.2, the current driven sediment transport was 

expected to be negligible, given that the flow magnitudes are predicted to be less than the likely 

threshold levels. Analysis of the test case results showed that the modelled transport was essentially 

zero within King Bay, and for the remainder of this report, it will be assumed that when conditions are 
such that no waves are present, no sediment transport will result. 

Each simulation case was run for both the existing and bathymetries associated with the previous 
development concept and using the full 35 day current field generated by the RMA 2 modelling. 

Results have been extracted in the form of time-series of sediment transport potential's, domain-wide 
29-day average transport vectors and plots of cumulative bed evolution over a 29-day period. Selected 

results are included on Figures 6.4 - 6.39, and further results are contained within Appendix A. These 

results are discussed below in Sections 6.4 and 6.5. 

6.4 Results 

6.4.1 Existing Layout 

Time-Series 

Time-series results for nodes 247 and 1016 (see Figure 5.3) for each of the three modelled wave cases 

are shown in Figures 6.4 - 6.9. Further time-series results are given in Appendix A. 

The results show the expected trends: sharp peaks in transport potential (g/cm/s) when the combined 

wave/current bed friction exceeds the threshold for mobilisation. Further, spring tide shows the 

greatest transport potential's, which peak at 0.04, 0.18, 0.38 g/cm/s in magnitude for cases 1,2 and 3 

respectively at node 247. The duration of these peaks is very short, resulting in greatly reduced time-

averaged transports. This order of magnitude represents a very small sediment transport potential, and 

we may therefore expect very slow rates of bed evolution. 

To the east of the existing groyne, the results show that, as expected, the transport potential is greatly 

reduced (less than 56% of that at node 247). There is also little increase in this potential as the wave 

height becomes larger, due to the peak transports occurring in sheltered shallow water where larger 

waves become depth limited. 

The results for node 1338 in Appendix A show that there is expected to be negligible transport in the 

mangrove regions. Due to the nature of the model employed, where a constant wave field was 

prescribed over the domain, including the mangrove regions, this finding represents a conservative 

estimate of transport potential. For the derived ambient wave conditions and the magnitude of the 

tidally driven currents, we may expect that no transport will occur within the mangrove region, but 

rather the deposition of fines in this calm area as observed in the field and the sediment samples. 
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Average Transport 

Vectors of the computed 29-day average transport field are shown in Figures 6.10 - 6.15, including 

zoomed images in the near vicinity of the site. For all 3 wave cases the trend is similar, showing a net 

westward transport throughout the Bay (consistent with tidal residuals discussed in Section 5.4). 

The maximum residuals are 0.002-0.003 g/cm/s (approximately 20kg/rn/day), and occur in the 

shallower, central region to the east of the development and also in the immediate vicinity of the 

existing groyne (where relatively large tidal residuals were modelled). The trend near the groyne is 

such that over time, the gradual development of a slowly accreting zone near the head of the groyne 
may be expected. 

Bed Evolution 

Figures 6.16- 6.19 show the cumulative bed evolution (in mm) over the 29-day analysis period, for 

each wave case due to the computed bed load transport. Due to the small magnitude of the sediment 

transport potential, as discussed earlier in this section, no definitive trends in accretion or erosion are 

evident in the results. In the central region of King Bay, maximum bed level changes of 5mm are 

predicted for the most severe wave case modelled (case 3, II=0.5m, T=3s) over 29-days of constant 

wave forcing. This assumption is conservative in view of the observed conditions at the site, but as 

discussed earlier, has been included to provide a model condition that allows potential spatial trends to 
be identified. 

Figure 6.19 shows the cumulative bed changes near the development site for wave case 3. The 

clearest trend observed is of a gradual accretion near the head of the existing groyne, where the 

magnitude of the accretion is predicted to be of the order of 10mm per month. Trends are less 
discernible to the east of the groyne, where small changes are shown in the modelling results. These 

noted rates of change are based on averages over the element areas and a conservative estimate of the 

wave climate within each element. 

6.4.2 Proposed Layout 

Detailed sediment transport modelling of the proposed layout was not repeated in view of the 

comprehensive modelling results available for a previous development concept. This previous work 

showed the sediment transport regime in King Bay to be essentially inactive excepting at the 

perimeters of dredged basins where some minor instability and siltation may require maintenance from 
time to time. 

It is of importance to note the sheltering offered to King Bay as a result of the proposed development 
breakwater infrastructure which further reduces wave climate and therefore resulting transport within 

King Bay. The findings as presented in Figures 6.10, 6.11 and 6.12 show this important influence of 

wave climate. Accordingly, no regional sediment transport redistribution is anticipated in King Bay. 

The minor issues of stability of channel and basin batters will however need to be addressed in design. 

For completeness, this previous modelling work is discussed as follows for the previous layout as 
shown on Drawing 0918DC01 as it supports the conclusions drawn herein. 
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Time-Series 

Comparative time-series of sediment transport potential have also been extractedfor the 

proposed layout simulations (Figures 6.20 - 6.25). The results show similar trends to those for 

the existing layout. Offshore from the development, the sediment transport potential is 

predicted to range from 0 to 0.2 g/cmls in magnitude, depending on the joint occurrence of 

currents and waves (refer to Figure 6.22). 

To the east of the development at node 1012 (in the 'flood tide shadow') the transport potential 

magnitudes are predicted to be up to 0.1 g/cni/s, 50% larger than for the existing case. This is 

due to the modjfication of the current regime, however, in reality this is expected to be offset by 

unproved wave sheltering in the lee of the wharf. For example, when the structure may provide 
50% shelter from wave action, the mean magnitude of the transport potential could be reduced 

by as much as 50%. 

These values need to be assessed in the context of time-averaged transports (see below) to 
determine the net effect over the domain. 

Additional time-series results are included in Appendix A. 

Average Transport 

The 29-day averaged transport potential 'sfor each wave case are shown in Figures 6.26 - 6.31. 

As for the existing case, inaximumn residuals of 0.002 0.003 g/cm/s are shown, with the general 

trend in accordance with the residual tidal current field. 

In the basin area, no transport is predicted, due to the combination of the water depth and 

weaker currents. To the west ofproposed groyne, there is an accretory trend evident, while the 

average transport to the east of the existing groyne is extremely small. 

This observation in the basin area is of sign f/Icance, particularly on the eastern side where 

gradients in transport potential are at their largest (although in real terms smal). This may 

require some attention to the design of the basin and batters, particularly when considering the 

effects of welling and drying on slope stability. 

Bed Evolution 

The cumulative bed evolution for the proposed development are shown in Figures 6.32 - 6.35. 

Again, the low magnitudes of sediment transport shows no significant trends in the central 

region of King Bay, however there is an indication of deposition occurring near the eastern 

margin oft/ic basin area. This observation is commensurate with the observed transport 

potential gradients in this area. This is more evident in Figure 6.35, which shows the 

development site for the H=0.5m, T=3s wave case. The 29-day cumulative bed level change is 

predicted to be 10 20mm at the edge of, and most likely within, the basin. This results from 

transport into the region, but no compensating transport away. This may point to a potential 

maintenance dredging issue. 
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To the immediate east of the basin, the sheltered region shows a less defined pattern, although 

the magnitudes of the bed level changes are smaller than observedfor the existing case. These 

will also be conservative estimates due to the prescribing of a constant wave field throughout 
the domain. 

The above findings will need to be formulated into the design of the proposed layout. 

It is also important to note the raised velocities observed in the entrance and at the southern extremity 

of the breakwater development. The sediment transport associated with these local ised influences can 

result in local redistribution of sediment, however the cyclic nature of the currents and their peak 
magnitudes, which are not significant, will reach some equilibrium with a limited shift in sediments. 
Some minor maintenance may be required if shallowing near the entrance reduces navigable depth. 

The main issue associated with these currents is their ability to scour sediments at the toes of 

structures resulting in local instability where effective toe protection is not provided. Design therefore 

needs to provide the protection in the effected areas to ensure long term integrity of the structures. It 
is therefore a design issue. 

6.5 Sensitivity Analysis 

In order to assess the sensitivity of the predicted sediment transport rates to the selected parameters, a 

sensitivity analysis was conducted using the Bijker formula for sediment transport. The Bijker 
formulation relates to the magnitude of bed load transport under the combined action of waves and 

currents. As stated previously, the total transport is also comprised of a suspended load component, 

which in many cases can be related to the bed load transport. The sensitivity analysis therefore serves 

to highlight the expected variation in the overall magnitude of the total transport. 

It must be noted that the prediction of sediment transport rates is still a developing field. Due to the 
many parameters involved, and often site-specific circumstances, rates and trends resulting from a 

study such as this should only be taken as an order of magnitude estimate. In general, such studies are 

supported with field measurements. In this case, experience suggests that the transport magnitudes 
will be small and therefore field measurements were limited to site surveys, sampling of sediments, 

analysis of sediment distributions and historical data. 

Four sets of calculations were conducted to show the dependence of transport potential on water depth, 

current magnitude, wave height, and wave period together with d50  particle size. During each 

calculation set the remaining parameters were fixed at typical values. The results are shown in Figures 

6.36 - 6.39. 

Figure 6.36 shows that the sensitivity of transport potential is approximately linear with respect to U, 

the current magnitude, for the expected d50  range at the site (0.1 - 0.3mm). It is further expected that 

the modelled tidal currents are within ±10% of actual currents. Note that the maximum magnitudes 

predicted were approximately 0.3 ms. 

Depending on the water depth, the selection of a d50  size may be crucial for determining the 

appropriate rate of transport (refer to Figure 6.37). At the selected d50  of 0.2mm (range 0.1 - 0.3mm) 
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little variation is shown for deeper water. In general for this particle size range, the transport potential 

(q) may vary by approximately ±30%, depending on water depth. 

The effect of wave period (I) and wave height (I]) on transport potential are shown in Figures 6.38 - 

6.39 respectively. As expected, increasing both Hand Tresults in increased sediment transport, due to 

the increase in shear stress at the bed. In the present case, Hand Tare expected to be related to some 

degree as the waves are wind generated. Over the expected range in H(0.I - 0.5m fl's)  the selection of 

d50  may allow a variation of ±50% to the computed transports. This variation is expected to be less 

over the range in wave periods expected (1-3s). 

This sensitivity analysis has shown that for the expected range in variables at the study site the 

predicted sediment transport magnitudes should be indicative of those in the field. Therefore it is 

expected that the modelled accretion/erosion trends are representative of the pre- and post-

development scenarios. Where possible, conservative estimates of parameters have be used during 

this study. 
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7. 	DISCUSSION 

7.1 General 

The results of Sections 5 and 6 are discussed herein in terms of the comparison between pre- and post-
development conditions. Modelling over a standard tidal period 29-days duration has allowed the full 
range of expected tidal conditions to be investigated, and provides an indication of the longer term 
average circulation and morphological changes expected. 

Excepting for the extreme areas of the proposed development, the expected alteration to the circulation 
within King Bay due to the development is minimal. This is most easily seen by comparison of the 
peak flooding and ebb currents for both scenarios (Figures 5.6-5.7 and 5.22-5.23 respectively). 

There is expected to be some increase in area of "shadow zones" for both flood and ebb flow 

conditions on either side of the development adjacent to the breakwaters but very localised. These 

regions will experience reduced currents due to the deflection of tidal flow around the development. 

The existing current regime in this area is very low in magnitude compared with threshold velocities 

for sediment transport, and accordingly any changes would have to be very large to result in any 
noticeable change as a result of possible enhanced sedimentation. This was the basis for considering 

the potential impacts in these shadow zones and how, in particular, the mangrove areas may be 

affected. The long term integrity of the mangroves in the existing regime confirm this lack of 
enhanced siltation. 

Conversely, due to conservation of mass, the flow magnitude may increase elsewhere due to a 

"choking" of the flow. Again, current magnitudes relative to any threshold values in sediment 
transport or navigation issues remain low, excepting for the enhanced values adjacent to the entrance 
and southern tip of the breakwater development. Although the sediment transport issues are not 

expected to be severe, some redistribution of sediments into a system equilibrium is anticipated and 

may require localised maintenance. Key issues of scour protection do however need to be addressed 
in detailed design of the facility. 

Negligible change in the flow field upstream (east) of the development can be seen by comparing the 
time-series results shown in Figures 5.17-5.19 with 5.33-5.35. This suggests that the east-west region 
of influence is probably confined to a distance of approximately 300m. 

The potential for sediment transport and morphological change was assessed under the idealised 

conditions of constant wave forcing. The low tidal currents were seen to be below the required 

threshold levels for mobilising sediment, as observed through sensitivity analysis and model runs 

using tidal currents only. The presence of waves is therefore a requirement for the initiation of bed 

load sediment transport, although finer material may still be carried as a suspended or wash load. 

The modelled wave cases show the expected transport trends under idealised, constant and maintained 
wave conditions. In reality, the full range of wave conditions, including complete calm, may be 
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expected for random duration's. The ambient wind and wave conditions presented in Section 4.1 offer 
some indication of this, with less than 50% of winds occurring from directions likely to generate 
waves at the development site. Only approximately 10% of winds are expected to produce waves 

greater than 0.3m in height. Nearer the site, the joint occurrence of water level (due to the tide) and 
wind is also important, since at low tide, waves may not penetrate to the site. 

Therefore, the actual sediment transport under ambient conditions can be expected to be much less 
than the worst case predicted by wave case 3 (H=0.5m, T=3s). During extended periods of calm, the 
transport can be expected to be almost zero, a conclusion supported by the amount of fine material 

present on the margins of King Bay. In fact, the small magnitude of transport predicted under the 

worst case ambient conditions shows that King Bay can not considered dynamic from a sediment 

transport perspective. This is especially the case in consideration of the enhanced sheltering provided 

by the breakwater of the proposed development. The result being negligible transport and enhanced 
stability of King Bay 

This work serves to demonstrate the expected order of magnitude of sediment movement at the site. 

The study approach has provided excellent results and allowed the potential impacts of the 
development to be assessed. 

7.2 Potential impacts of proposed development 

The results of the circulation and sediment transport modelling have been reviewed in light of the 

potential impacts of the proposed development. As raised in the Introduction, concern was focussed 

on the impact to the sediment transport within King Bay and how this might affect the stability of the 

mangrove shoreline, the circulation and water quality within King Bay, the potential for maintenance 

dredging of the proposed facility and the potential to impact on existing facilities. The issues are 
discussed below. 

7.2.1 Stability of Mangrove Shoreline 

Comparable simulations of the pre- and post-development conditions show that in the mangrove and 

mangrove margins negligible sediment transport occurs. This is as expected due to the dissipation of 

both current and wave magnitude resulting from the sheltered nature of the Bay and the mangroves 

themselves. Small amounts of erosion and complementary deposition have been predicted to occur in 

some regions at the mangrove boundary, however these are similar on both the existing and proposed 
scenarios. 

The modelling did show minimal changes in circulation patterns and therefore transport rates in the 

areas immediately to the west of the proposed breakwater and east of the proposed basin. These 

changes, are sufficiently small to not be of significance to the coastal margin dynamics. 

The modelling also showed that no change to the tidal range within the Bay is expected, since choking 

of the flow does not result due to the proposed development. Accordingly, it is not expected that there 

will be any alteration to the wetting and drying cycle of the mangrove regions. This is a positive 
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finding confirmed by submergence curves generated in the modelling, as the health of mangroves is 
effected by the wetting and drying dynamics and frequency. 

7.2.2 Impact on King Bay 

As discussed in Section 6, the small magnitudes of the sediment transport make it difficult to identify 

any obvious trends within King Bay. The only noted difference observed in the existing conditions 

and the pervious development concept model results was the presence of an accumulation zone to the 

immediate east of the proposed basin. Further investigation suggests that this most likely represents 
sediment deposition in the eastern basin area and is sufficiently small to not be discernible. 

Accordingly, these results have been interpreted to indicate that no notable changes to the circulation 

and morphological processes within King Bay are expected due to the proposed development. The 

modelled tidal residuals at the western end of King Bay showed some change, due to the entrance 
breakwaters as expected, however this influcnce is very localised and within the engineering design 
regime for the project. 

7.2.3 Maintenance Dredging of Proposed Facility 

During this study, two mechanisms were identified as potential issues of maintenance dredging at the 
proposed facility. 

The first pertains to the actual sediment transport regime. Sediment brought into the basin area will be 

deposited due to a reduction in flow magnitude, which are insufficient to re-mobilise sediment from 

the basin bottom on subsequent tides. The modelling results showed that accretion/deposition may 

occur during periods of wave action, with a worst case residual transport of 0.01 g/m/s predicted. 
Using this value as an upper estimate, and accounting for the time when calm conditions or 

unfavourable winds prevail, an upper bound on the degree of deposition can be made. An allowance 

for this deposition should be considered in the proposed design to allow efficiency in the handling and 

removal of any accumulation here. Our estimates indicate that locally only the toes of the basin batter, 

a siltation allowance of 250-750inm should be provided. 

Due to the alignment of the channel with the axial direction of both the wave and currents entering 

King Bay, it is expected that there will be negligible deposition in the channel. This is supported by 

anecdotal evidence from the \Voodside channel, which is reported to very low siltation rates, and is 
discussed further below. 

The second mechanism relates to the design of the dredged area and side batters. Within this 
mechanism there are two aspects. Firstly, due to the large tidal range, some areas of the batters may be 

exposed during the tidal cycle due to the drying process. This means that the batters may be subject to 

direct surface scour, wave attack and associated slope stability problems. Thus, the direct erosion of 

batter faces is possible, causing slope stability problems and eventually leading to an effective siltation 

in the basin area. This needs to be considered in the design and flatter batters are a preferred solution 

with, if necessary, some slope protection. Secondly, the physical velocities in the channel and entrance 

to the basin exceed the sediment mobilisatiori threshold described in Figure 6.1 at some times during 
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the tidal cycle. During these times scouring of the channel and the entranceway may occur and some 

slope stabilisation measures will need to be considered in the design of the these areas. 

7.2.4 Impacts on Other Existing Facilities 

Although not presented in detail herein, the alterations to flow regimes at the Woodside Supply Base 

facility, and the associated approach channel were investigated. The proposed development does not 

lead to a noticeable change in current magnitudes and directions beyond the immediate locality of the 

site. Further, the negligible alteration to the sediment transport regimes due to the proposed 

development (compared to the model results for the existing development), indicates that no additional 

sediment will be mobilised, suggesting that there will be no potential impacts for the Woodside 
facilities. 

7.2.5 Water Quality Issues 

Conventional water quality assessment for the proposal development would be based on the amount of 

exchange of the basin waters, for an effective flushing rate of pollutants. This study has however 

looked more closely at the water quality of the development and King Bay as a whole. 

The review of circulation and mixing regimes within King Bay is necessary to confirm no noticeable 

change occurs in the circulation which would impact upon the mangrove margins. Both the 

circulation patterns and residual current regime have been reviewed and shown to essentially remain 

unchanged leading to the conclusion that the proposed development will not impact on circulation and 

mixing as currently viewed from the mangroves. 

The flushing times for the proposed development will be high, essentially due to the tidal prism value 

where under average conditions equal to approximately 50 percent of the harbour volume. This 

equates to an c-folding time for the harbour development of approximately 1 day on average. There 

are however some areas of he basin which are sheltered and appear to possibly be stagnant. These 

were reviewed closely in the residual current analysis and shown to be well mixed due to circulation 

and accordingly not of concern. 

7.3 Response to DEP Review 

Following submission of this report to the DEP, further clarification of some aspects of the 

methodology was sought by the DEP reviewers. PHC prepared a response on behalf of Mermaid 

Marine, which was submitted to the DEP on 9 November, 1999. The complete response is included in 

Appendix D, together with the request for clarification from the DEP. 
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Constituent Amplitude (m) Phase (°) 
M2  1.118 302.9 
S2  0.653 12.10 
K1  0.230 291.7 
01  0.146 271.8 
N2  0.201 272.0 
K2  0.183 11.00 
SA 0.093 353.9 
Z0 2.700 0.000 

* Mean Sea Level 

Mermaid Marine 	 07200 

Table 2.1 : Tidal Constituents at King Bay, Dampier 	 PHC 
(Source: Australian National Tide Tables, 1994) 



Tidal Plane Level (m rel CD) 
HAT 5.22 

MHWS 4.55 
MHWN 3.22 

MSL 2.71 
MLWN 2.25 
MLWS 0.88 

LAT 0.0 

Mermaid Marine 	 07200 

Table 2.2 Tidal Water Levels, King Bay 	 I 	PHC 



Project Reference 	032/07200 
Project Name 	Mermaid Marine Supply Facility 
Location 	 King Bay, Dampier, WA 

Sample : 1 
d10  0.150 

d50  0.250 

d90  1.000 

d90/d10  6.67 
d90/d50  4.00 

Sample: 2A 
d10  0.080 
d50  0.150 
d90  0.350 

d90/d10  4.38 
d90/d50  2.33 

Sample: lB 
d10  0.025 
d50  0.200 
d90  2.360 

d90/d10  94.40 
d90/d50 11.80 

Sample : 3B 
d10  0.009 
d50  0.070 
d90  0.190 

d90/d10  21.11 
d90/d50  2.71 

Sample: 2 
d10  0.120 

d50  0.300 

d90  3.000 

d90/d10  25.00 
d90/d50  10.00 

Sample: 3 
d10  0.100 

d50  0.220 

d90  0.500 

d90/d10  5.00 
d90/d50  2.27 

Sample: 2B 
d10  0.007 

d50  0.080 

d90  0.425 

d90/d10  58.22 
d90/d50  5.31 

Sample : 4B 
d10  0.025 

d50  0.075 

d90  0.150 

d90/d10  6.00 
d90/d50  2.00 

Table 2.3 Sediment Characteristics 



Project Reterence 	03207200 
Project Name 	Mermaid Marine Supoiy Facility 
Location 	 King Bay, Dampier, WA 	 19 
Wind Data supplied by Bureau of Meteorology 
Data from Legondre is/and, elevation 29m, for period 1992-1998 
52457 Observations 

At 29m elevation 
Wind Speed (km/h) 	0-5 	5-10 	10-15 	15-20 	20-25 	25-30 	30-35 	>35 
Wind Speed(m/s) 	0-1.4 	1.4-2.8 	2.8-4.2 	4.2-5.6 	5.6-6.9 	6.9-8.3 	8.3-9.7 	>9.7 

At lOm elevation 
Wind Speed(m/s) 	0-1.2 	1.2-2.4 	2.4-3.6 	3.6-4.8 	4.8-5.9 	5.9-7.1 	7.1-8.3 	>8.3 

Direction 
N 	 0 	1 	1 	1 	1 	0 	0 	0 

NNE 	 0 	1 	1 	1 	1 	0 	0 	0 
NE 	 0 	1 	1 	1 	1 	0 	0 	0 

ENE 	 0 	1 	1 	1 	1 	1 	0 	1 
E 	 0 	1 	1 	1 	1 	1 	1 	3 

ESE 	 0 	0 	0 	0 	1 	1 	1 	2 
SE 	 0 	0 	1 	1 	1 	0 	0 	0 

SSE 	 0 	0 	1 	1 	1 	0 	0 	0 
S 	 0 	1 	1 	1 	1 	0 	0 	0 

SSW 	 0 	1 	1 	1 	1 	1 	0 	0 
SW 	 0 	1 	1 	1 	2 	2 	1 	1 

WSW 	 0 	0 	1 	2 	3 	3 	2 	3 
W 	 0 	1 	2 	2 	4 	4 	2 	2 

WNW 	 0 	0 	1 	1 	1 	0 	0 	0 
NW 	 0 	0 	1 	1 	1 	0 	0 	0 

NNW 	 0 	 1 	 1 	 t 	 n 

TOTAL 	I 	0 	10 	16 	17 	21 	13 	7 	12 

Calms 	 200 

TOTAL 
4 
4 
4 
6 
9 
5 
3 
3 
4 
5 
9 
14 
17 
3 
3 
3 

96 

Combined 	 Total 
SW 	 0 	1.5 	2 	2.5 	4 	4 	2 	2.5 	18.5 
W 	 0 	1 	3 	3.5 	6 	5.5 	3 	3.5 	25.5 

NW 	 0 	0.5 	2 	2 	1.5 	0 	0 	0 	 6 

Table 4.1 Ambient Wind Data at Legendre Island, 1992-1 998 
(source : Bureau of Meteorology) 



Project Reference 	032/07200 
Project Name 	 Mermaid Marine Supply Facility 
Location 	 King Bay, Dampier, WA 

Wind Generated Sea in Shallow Water 
Reference - Shore Protection Manual, section 3.6, pp 3-55->3-66 

Iwater Level Case 	 MSL 	Water Level (rel CD) 	 2.71 	I 

Measured Wind Speed Wind Direction Measured Elevation U10  UA Fetch Depth (@CD) H (m) T (s) 
1.2 W 10 1.2 0.89 8000 8 0.02 0.64 
2.4 W 10 2.4 2.08 8000 8 0.08 1.21 
3.6 W 10 3.6 3.43 8000 8 0.15 1.60 
4.8 W 10 4.8 4.89 8000 8 0.21 1.88 
5.9 W 10 5.9 6.30 8000 8 0.28 2.08 
7.1 W 10 7.1 7.91 8000 8 0.35 2.27 
8.3 W 10 8.3 9.59 8000 8 0.42 2.44 
1.2 NW 10 1.2 0.89 10000 10 0.02 0.65 
2.4 NW 10 2.4 2.08 10000 10 0.09 1.26 
3.6 NW 10 3.6 3.43 10000 10 0.16 1.68 
4.8 NW 10 4.8 4.89 10000 10 0.24 1.99 
5.9 NW 10 5.9 6.30 10000 10 0.31 2.22 
7.1 NW 10 7.1 7.91 10000 10 0.39 2.43 
8.3 NW 10 8.3 9.59 10000 10 0.47 2.61 
1.2 SW 10 1.2 0.89 1000 -2 0.01 0.47 
2.4 SW 10 2.4 2.08 1000 -2 0.03 0.70 
3.6 SW 10 3.6 3.43 1000 -2 0.05 0.84 
4.8 SW 10 4.8 4.89 1000 -2 0.07 0.95 
5.9 SW 10 5.9 6.30 1000 -2 0.09 1.04 
7.1 SW 10 7.1 7.91 1000 -2 0.11 1.12 
8.3 SW 10 8.3 9.59 1000 -2 0.13 1.19 

Table 4.2 Wind Generated Waves - Ambient Conditions 



Return Period Storm Surge Water Level - 
(years) King Bay, Dampier 

(m CD) 
2 3.9 
5 4.7 

10 5.1 
25 5.7 
50 6.2 

100 6.8 

Mermaid Marine 	 07200 

Table 4.3: Storm Surge Water Levels, King Bay, Dampier 	 PHC 



Project Reference 	 032/07200 
Project Name 	 Mermaid Marine Supply Facility 
Location 	 King Bay, Dampier, WA 

Extreme design winds according to AS 1170.2 

Dampier/King Bay: 	 Region D - Severe Tropical Cyclones 
Regional Multiplier 	 3.3 
Terrain Category Multiplier 	 1.0 

Gust wind speed (3 second) 	23 + 9logR 
where R is the return period in years 
**valid for R > 5 

Gusts converted to 10 minute values as per Shore Protection Manual (CERC) - section 3.4 

Extreme Wind Speeds 
Return Period (years) 3s Gust (AS1170.2) U30sec Uiomin Ulhour  

5 37.5 32.9 26.1 24.8 
10 43.7 38.3 30.4 29.0 
25 52.0 45.6 36.2 34.4 
50 58.2 51.0 40.5 38.6 
100 64.4 56.5 44.8 42.7 

Table 4.4 Extreme Wind Estimates (based on AS 1170.2) 



Project Reference 	032/07200 
Project Name 	Mermaid Marine Supply Facility 
Location 	 King Bay, Dampier, WA 

Wind Generated Sea in Shallow Water 
Reference - Shore Protection Manual, section 3.6, pp 3-55->3-66 

IWater Level Case 	 50 yr return 	Water Level (rel CD) 	 6.2 	I 

Extreme Wind Events** 

Return Period Measured Wind Speed Wind Direction Measured Elevation Fetch (m) Depth (@CD) H (m) T (s) 
5 26.08 W 10 8,000 8 1.67 3.99 

10 30.42 W 10 8,000 8 1.99 4.25 
25 36.15 W 10 8,000 8 2.42 4.56 
50 40.49 W 10 8,000 8 2.75 4.77 

100 44.83 W 10 8,000 8 3.07 4.97 
5 26.08 NW 10 10,000 10 1.87 4.29 

10 30.42 NW 10 10000 10 2.23 4.56 
25 36.15 NW 10 10,000 10 2.70 4.89 
50 40.49 NW 10 10,000 10 3.06 5.12 

100 44.83 NW 10 10,000 10 3.42 5.33 
5 26.08 SW 10 1,000 -2 0.60 2.04 

10 30.42 SW 10 1,000 -2 0.72 2.17 
25 36.15 SW 10 1,000 -2 0.87 2.33 
50 40.49 SW 10 1000 -2 0.99 2.44 

100 44.83 SW 10 1,000 -2 1.12 2.54 

** Extreme wind speeds are 10 minute averaged windspeeds determined from the design gust windspeeds given in AS1 170.2 for Region D (Severe Tropical Cyclones) 

Table 4.5 Extreme Wave Estimates 



Project Reference 	032/07200 
Project Name 	Mermaid Marine Supply Facility 
Location 	 King Bay, Dampier, WA 

Combined Estimates of Extreme Waves at Mermaid Marine Supply Facility Site 

Diffraction estimate of extreme wave in Mermaid Sound at Dampier Public Jetty was determined to be a max of 0.1Hs 
Source for Dampier Public Jetty Hs = PHC 1994 - 68003a27 

Return Period Hs (Dampier Public Jetty) K*Hs  H Local Combined Water Depth Hmax** 

10 3.00 0.60 2.21 2.29 4.10 2.46 
25 3.75 0.75 2.69 2.79 4.70 2.82 
50 4.25 0.85 3.06 3.18 5.20 3.12 
100 4.75 0.95 3.45 3.58 5.80 3.48 

** Determined on basis of depth limited wave height on horizontal bed at site. 
Hm  = 0.6 * Water Depth 

++ Elevation of Site assumed to be +1 .Om CD 

Table 4.6 Design Wave Estimates, Mermaid Marine Supply Facility 



Case 	 Wave Height (m) 	Wave Period (s) 

1 	 0.10 	 1.5 

2 	 0.25 	 2 

3 	 0.50 	 3 

Mermaid Marine 
	

07200 

Table 6.1 : Sediment Transport Wave Simulation Cases 	 I 	PHC 
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Figure 2.1 : Study Site 	 PHC 
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Figure 2.2 : King Bay - Aerial Photograph 
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(a) Mangrove Forms 

(b) Mangrove Growth West of Existing Groyne 
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Figure 2.3: Site Visit 	 PHC 



11 I(UIJ 

7718600 

7718500 

7718400 

7718300 

C, 
.E 7718200 - 
0 
Z 7718100 

7718000 

7717900 

7717800 

7717700 

474000 	474100 	474200 	474300 	474400 	474500 	474600 	474700 	474800 	474900 	475000 

Easting (m) 

Figure 2.4 Sediment Sample Site Locations 



7 

7;; 

7;; 
E 
0) 

7.0 - 

0 z 
7;; 

7;; 

7.,  

4.62 	4.64 	4.66 	4.68 	4.7 	 4.72 	 4.74 	 4.76 
Easting (m) 

7.7175 L_ 

4.74 
	

4.745 	4.75 	4.755 	4.76 
Easting (m) 	 10' 

Mermaid Marine ' 	 032107200 

Figure 5.1 RMA2 Model Netwoñc - Existing Layout 	 PHC 



4.62 	4.64 	4.66 	4.68 	4.7 	4.72 	4.74 
Easting (m) 	 x 1 

X 106 
7.719 i- : 

MMSF 

E 7.7185 

7.7175'- 
4.73 
	

4.735 	4.74 	4.745 	4.75 	4.755 

	

Easting(m) 	 x105 

	

Mermaid Marine 
	 032/07200 

x 106 
 

7.72 

7.719 

7.718 

E 

7.717 

7.716 

7.715 

7.714 

FIgure 5.2 RMA2 Model Network - Proposed Layout 
	

PHC 



0, 

0 z 

7.718 

Key 

No Im a I 

Manioves 

771751 	I 	 I 	 I 	 I I 	 I 	 I 

4.74 4.742 4.744 4.746 4.748 4.75 4.752 4.754 4.756 4.758 4.76 
Easting (m) 	 x 10 

Mermaid Marine 	 07200 

Figure 5.3: Location of Mangrove Elements - Existing Layout 	I 	PHC 



E 
(4) 

Easing (m) 

rr 	 Mermaid Marine 	 032/07200  

PHC 



Easting (m) 

w -T 'r ra 

I 	
Mermaid Marine 	 032107200 

Figure 5.5 Location of nodes for time-series output (Proposed Layout) 	 PHC 



7.7195 
	

I 	 - 	Tide 

7.719 

740 	760 
(hrs) 

E 
Cn 

7.718 

7.71 

or , 	 -: "'-, ----------- Az 	—L 	 -...• -. •. 	 - N 	 .- 1 	 J 

i_••• 
---. - 	 -.- - --:— --- - 

- 	 -.-- -- 	 -..- - - - 	 -. 
----- 	

- - — -__ --: - . - * 

- 	 _-,--_---,.-. 	 --. 

— 	-I, 	
— — 

mJs 

7.7 175 
4.735 4.74 	 4.745 	 4.75 

Easting (m) 

4.155 	 q. 

x 10 

Mermaid Marine 

Figure 5.6: Spring Tide . Peak Flood 

03 2107200 - 

PHC 



x 1 0 
7.7195 

7.719 

. 7.7185 — 
— — — 

— 
7.718 

Tdo 
5 

4 

3 

E 

2 

700 	7 0 	740 	760 

limo (hrs) 

7.7175 
tI- 4.735 	 4.74 

	
4.745 	 4.75 

	
4.755 	 4.1 

Easting (m) 
	

x 

Mermaid Marine 	 032/07200 

Figure 5.7: Spring Tido - Peak Ebb 	 PHC 



I I I 

tide 
5 

4 

0.2nVs 
E\J\J\ 

740 	760 
time 

> 
-511  

> 
> 

-- 	--- 	- 
- > 

I—
I I 	 I I 	 t> 

7.7188 

7.7187 

7.7187 

7.7186 

7.7186 

E 

7.7185 

7.7185 

7.7184 

7.7184 

7.7183 

77183  
4.7425 	4.743 	4.7435 	4.744 	4.7445 	4.745 	4.7455 	4.746 	4.7465 	4.747 	4.747 

Easing(m) 	 x1O 

Mermaid Marine 	 032/07200 

Figure 5.5: SprIng Tide - Peak Flood 	 PHC 



x 10' 
7.7 188 

S 

4 
	

1 
0.2m/s 	

3 

E 

2 

A 

700 	720 	740 	760 

tuno (his) 

7.7186 

7.7185 

7.7185 

7.7184 

	

7.7184 	 - 

	

7.7183 	 - 

	

7.7183 	 - I 	 I 	 I 	 I 

4.7425 	4.743 	4.7435 	4.744 	4.7445 	4.745 	4.7455 	4.746 	4.7465 	4.747 	4.74• 

Easting (m) 	 x 1 ( 

7.7 187 

7.7187 

7.7186 

L11 zi7e  P - 
Mermaid Marine 	 032/07200 

Figuro 5.9: Spring Tido - Peak Ebb 	 PHC 



x 10' 

7.7195 1 Te 

ZN 
4 

3.5 

E3 

7.719 	

2; L L 1 560 Y 	L 
E 

7.718 

- — - 	- - . 

- 	- - - _.---- 	-----.--- -- 
I •I 

- T 

0.2nVs> 

7.7175 
4.735 
	

4.74 	 4.745 	 .4.75 	 4.755 
Eastirig (m) 

Mermaid Marine '.. 	 032/07200 

Figure 5.10: Neap Tide - Peak Flood 	 PHC 



x 10 
7.7195 1 

The 

2.5 

I~n 

 -. 	 : 	.• . 	
1e (brs) 

- 

= - 
I 

- - 

0 2m!s 

7.7175 	 I 	 I 	 I 
4.735 	 4.74 . 	 4.745 	 4.75 	 4.755 . 	 4.,. 

Easting(m) 	 x lOs 

7.719 

7.7185 

7.7181 

Mermaid Marine '.. 	 032107200 

Figure 5.11: Neap Tide - Peak Ebb 	 PHC 



7.7188 

7.7187 

7.7187 

7.7186 

7.7185 

7.7184 

7.7184 

7.7183 

7.7183 
4.7425 	4.743 	4.7435 	4.744 	4.7445 	4.745 	4.7455 	4.746 	4.7465 	4.747 	4.747E 

Easting (m) 	 x 10 

Mermaid Marine \ 	 032/07200 

Figure 5.12: Neap Tide. Peak Flood 	 PHC 

7.7186 

E 

7.7185 



x 1 
7.7188 r— 

Tide 
4 

7.7187k 3.5 

E 

L 	

O.2m/s 	 3 

7.7187  2.5 

2 

Ic 

7.7185 

- - - - 
7.7185 

7.7184 - _- 

7.7184 - 
( 

7.7183 - 
7.7183 1 

4.7425 	4.743 4.7435 4.744 	4.7445 	4.745 	4.7455 4.746 	4.7465 4.747 	4.I 
Easting (m) x 

Mermaid Marine '. 	 032/07200 

Figure 5.13: Ueap Tide - Peak Ebb 	 PHC 



Surface Elevation 

v 	 3 	 10 	 15 	 20 	 25 	 30 	 35 

U component of velocity 

ft 

E 3  

2 

0.05 

42 
I 	0 

U 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

v component of velocity 

0.01 

E 0 

-0.0 1 

U 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

velocity magnitude 
0.06 

0.04 

E 

0.02 

I L . 	. ........ I  

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 
time (days since simulation start) 

Mermaid Marine 	 032/07200 

Figure 5.14: Existing Layout: Time-series at Node 64 	 PHC 



Surfaco Elovatlon 

4 

3 
E 

2 

LI 

0.2 

-0.2 

0 

5 	 10 	 15 	 20 	 25 	 30 	 35 

u component of velocity 

5 	 10 	 15 	 20 	 25 	 30 	 35 

v component of velocity 

0.01 - 

0 - 

-0.01 - 

-0.02 - 

-0.03 

5 	 10 	 15 	 20 	 25 	 30 	 35 

velocity magnitude 

0.3 

0.2 

E 

0.1 

0 

10 	 15 	 20 	 25 	 30 	 35 

~owk 
11 LiJ 

time (days since simulation start) 

 

5 

rmaid Marine 
	 032/07200 

Figure 5.15isng Layout lime-s ee5 at Ne 247 
	

PHC 



Surface Elevation 

U 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

U component of velocity 

3 
E 

2 

0.04 

0.02 

-0.02 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

v component of velocity 
0.03 

0.02 

0.01 

E 
0 

-0.01 

-0.02 

0.05 

0.04 

0.03 

0.02 

0.01 

0 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

velocity magnitude 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 
time (days &nce simulation start) 

rmaid Marine 	 032/07200 

Time-series 	1016 
	

PHC 



Surface Elevation 

4 

3 
E 

2 

1 

0 
0 5 	 10 	 15 	 20 	 25 	 30 	 35 

u component of velocity 

-0.01 

	

0 	 5 	 10 	 15 	 20 	 25 

	

x 10' 	 v component of velocity 

5 

-5 

30 	 35 

0 

x10' 

15 

10 
E 

5 

0 

0 

5 	 10 	 15 	 20 	 25 	 30 	 35 

velocity magnitude 

1 

I 

10 	 15 	 20 	 25 	 30 	 35 
time (days since simulation start) 

Mermaid Marine P UA 	
Figure 5.17: Existing Layout : Timo-series at Node 1338 

032/07200 

PHC 



Surface Elevation 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

u component of velocity 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

v component of velocity 

-t 

3 
E 

2 

0.1 

0.05 

-0.05 

-0.1 

0.01 

E 	0 

-0.01 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

velocity magnitude 

5 

0.08 

0.06 

0.04 

0.02 

10 	 15 	 20 	 25 	 30 	 35 
time (days since simulation start) 

Mermaid Marine 	 032/07200 

	

Figure 5.16: Existing Layout : Time-seiies at Node 323 	 PHC 



4 

3 
E 

2 

0 

1 

I 

10 	 15 	 20 	 25 	 30 	 35 

u component of velocity 

Surface Elevation 

0 
	

5 	 10 	 15 	 20 	 25 	 30 	 35 

v component of velocity 

0.04 

0.02 

-0.02 

0 
	

5 	 10 	 15 	 20 	 25 	 30 	 35 

velocity magnitude 

0.2 

0.15 

0.1 

0.05 

0 

0 
	

1.1 
	

10 	 15 	 20 	 25 	 30 	 35 
time (days since simulation start) 

Mermaid Marine 	 032/07200 

Figure 5.19: Existing Layout: Time-series at Node 326 	 PHC 



x 10' 
7.7 195 r- 

7.7 19 

S \ \ 

E 7.7185 

- - 	- 	 -. 	 - 	 - - - 	 - - 	 •1. . 

'T 

- 

7.718 

0.OlnVs > 

7.7175 L_ 

4.735 
	

4.74 	 4.745 
	

4.75 
	

4.755 	 11.10 

Easting (m) 	 x 10' 

Mermaid Marine '. 	 032/07200 

FIgure 5.20 Existing Layout : 29-day tidal residuals 	 I 	PHC 



x 10,  
7.7 188 

7.7187 -  
O.005mfs 

7.7187 

7.7186 

7.7186 

cm 
7.7185 - 

- 
7.7185 - 

7.7184 

7.7184  

/ 

7.7183 - 

7.7183 
4.7425 	4.743 	4.7435 	4.744 	4.7445 	4.745 	4.7455 	4.746 	4.7465 	4.747 	4. 

Easting (m) 	 x 10, 

Mermaid Marine 

IRgure 5.21ExistingLayout:29.daylidalresjdua,s(zoom) 

032/07200 

PHC 



7719500 

-. 	 Tide 

7719000 

E 
C, 
. 7718500 

0 
2 

771800C 

C 

- - 	- 	\ loo_/ 	70 	740 	760 - 	- 	- 	• 	•• 
me (hrs) 

, 	 // 	•. 

- --- 
2 - 

-- - ,' '- - - 

	

- 	-. - 	- zz--- 	 - - -. - - 

1'  

- 

0.2rnfs 

7717500 L__ 

473500 474000 	 474500 	 475000 

Eastirig (m) 

475500 476000 

Mermaid Marine 
	 032./07200 

Figure 5.22 Spring Tide - Peak Flood 
	

PHC 



7719500 

7719000 

0) 
.E 7718500 

0 z 

771 800( 

Tide 

\f E

\J\J\ 

	

7,. 
 7 	

740 760 

me (hrs) 

- - 	• 	- - - 	y - - - 	- - / , 	- - 
- - -5-  -- - 

	
' 	

- -------- - - 	 -- - - - - - - - _ - - - - _ 

S 	 - - 	 - - 	 - 	 - - • 

S - - 	

,_-___:- 	 - 	 .- - - - - 	 •• 

- 
- 	- 	- - - 	I 	 - 	 - 	- - - - - - - 	- - 	- 	- 	/ — - 	- 	— --- - - :- - - • • 

- 	
----- 

- -. - 	- 

. .•. 	 2mIs 

7717500 L__ 

473500 474000 	 474500 	 475000 
Easting (m) 

475500 476000 

032/07200 Mermaid Marine 

11111 	 PHC j Figure 5.23 SprIng Tide - Peak Ebb 



7718600 

7718500 

7718400 

E 
tY) 
C 
-C 

0 z 

473900 	474000 	474100 	474200 	474300 	474400 	474500 	474600 

Eastirig (m) 

7718300 

7718200 

7718100 L_ 

473800 

Mermaid Marine 
	

032/07200 

Figure 5.24 Spring Tide - Peak Flood 
	

PHC 



7718600 

7718500 

7718400 

E 

473900 	474000 	474100 	474200 	474300 	474400 	474500 	474600 

Easting (m) 

771830C 

771820( 

7718100'- 
473800 

Mermaid Marine 	 032/07200 

Figure 5.25 Spring Tide - Peak Ebb 	 PHC 



7719500 

7719000 

E 

.c 771850C 
t 
0 z 

474500 	 475000 	 475500 

771 800 

771750 
473500 474000 

Easting (m) 

Mermaid Marine 

Figure 5.26 Neap Tide - Peak Flood 

032107200 

PHC 



77175Gw 
473500 475000 475500 474500 474000 

7719500 

7719000 

E 
CD 
. 771850( 

0 z 

771800 

Eastirig (m) 

I

Mermaid Marine 	 032/07200 

Figure 5.27 Neap ndc - Peak Ebb 	 PHC 



- 	- 	-. 

0.2mJs  

I-  

- 
IIr 
A f 	- -• (r 

' 	S. 	 I _____________________________________________ / -:_. _-.-.--• -.- 
I -I. 	—.: 

S. 
 

— 	- - - 
- - 	

/ 

' - 	- 	- - 	---- 
-5- 

-3 

- 
-. 	/ 	Ii I 	' 	•' - 	__3 	

3 
---- 

--- 

-_--_-_--i----  -- 
S - — - 

/ N — 
- 

— 
-5 

7718600 

7718500 

7718400 

E 

771 830C 

771820( 

7718100 
473800 	473900 	474000 	474100 	474200 	474300 	474400 	474500 	474600 

EasUng (m) 

I
Mermaid Marine 	 032/07200 

Figure 5.28 Neap Tide - Peak Flood 	 PHC 



473900 	474000 	474100 	474200 	474300 	474400 	474500 	414b00 

Eastng (m) 

7718600 

7718500 

771830( 

771820 

771810w 
473800 

Mermaid Marine 	 03V0720 

11111 	 I PHCj Figure 5.29 Neap Tide - Peak Ebb 

7718400 

E 



Surface Elevation 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

u component of velocity 

3 
£ 

2 

0.06 

0.04 

0.02 

0 

-0.02 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

v component of velocity 

0.01 

0.06 

0.05 

0.04 

- 0.03 

0.02 

0.01 

0 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

velocity magnitude 

H 	
P 

101 
1 	

1 
~I~iIO 

5 	 10 	 15 	 20 	 25 	 30 	 35 

time (days since simulation start) 

	

I Mermaid Marine 	 032/07200 

Figure 5.30: Proposed Layout : Time-series at Node 64 	 PHC 
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Figure 5.32: Poposed Layout : Time-series at Nodo 269 	 PHC 
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Figure 5.34: Proposed Layout : Time-serIes at Node 306 	 PHC 



Surface Elovation 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

u component of velocity 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

v component of velocity 

0.04 

0.02 - 

E 

-0.02 - 

0 	 5 	 10 	 15 	 20 	 25 	 30 	 35 

velocity magnitude 

3 
E 

2 

U U 

5 	 10 	 15 	 20 	 25 	 30 	 35 
time (days since simulation start) 

Mermaid Marine 	 032/07200 

Figure 5.35: Proposed Layout Time-seties at Node 309 	 PHC 
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Figure 5.36: Proposed Layout : Time-seties at Node 2364 	 PHC 
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Project Reference 032/07200 
Project Name 	Mermaid Marine Supply Facility 
Location 	 King Bay, Dampier, WA 

Sediment Transport - Initiation of motions: Currents only 

Parameters are 
grain size 	 d50  

specific gravity 	s 	2.72 
water depth 	h 

- 	d50  (mm) 
h 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 2.00 3.00 4.00 5.00 

0.10 0.22 0.22 0.23 0.23 0.24 0.25 0.27 0.28 0.29 0.31 0.44 0.55 0.64 0.71 
0.25 0.25 0.25 0.26 0.27 0.28 0.29 0.30 0.32 0.34 0.35 0.50 0.63 0.73 0.81 
0.50 0.28 0.28 0.28 0.29 0.31 0.32 0.34 0.35 0.37 0.39 0.56 0.69 0.80 0.89 
1.00 0.31 0.31 0.31 0.32 0.34 0.35 0.37 0.39 0.41 0.43 0.61 0.77 0.89 0.99 
1.50 0.32 0.33 0.33 0.34 0.36 0.37 0.39 0.41 0.43 0.45 0.65 0.81 0.94 1.05 
2.00 0.34 0.34 0.35 0.36 0.37 0.39 0.41 0.43 0.45 0.47 0.68 0.85 0.98 1.09 
5.00 0.38 0.39 0.39 0.41 0.42 0.45 0.47 0.49 0.51 0.54 0.77 0.96 1.12 1.24 
10.00 0.42 0.43 0.44 0.45 0.47 0.49 0.52 0.54 0.57 0.60 0.85 1.06 1.23 1.37 

1.00 

0.10 

0.10 

Threshold Current Speed 

1.00 	 10.00 

d50 (mm) 

Figure 6.1 Threshold current required to mobilise sediment, s2.72 

h 

0.50H 

- - - 1.00 
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Project Reference 032/07200 
Project Name 	Mermaid Marine Supply Facility 

Location 	 King Bay, Dampier, WA 

Sediment Transport - Initiation of motions: Waves - Orbital Velocity 

Parameters are 
grain size d50  

specific gravity s 	2.72 
water depth h 
wave period T 
wave height H 

J d50  

0.10 

(mm) 
0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 2.00 3.00 4.00 5.00 

T 
0.07 0.09 0.11 0.12 0.20 0.22 0.23 0.25 0.26 0.27 0.37 0.44 0.50 0.55 

1.00 
2.00 0.09 0.12 0.13 0.15 0.22 0.24 0.26 0.27 0.29 0.30 0.41 0.48 0.55 0.60 

3.00 0.11 0.13 0.15 0.17 0.24 0.26 0.27 0.29 0.31 0.32 0.43 0.51 0.58 0.64 

4.00 0.12 0.15 0.17 0.19 0.25 0.27 0.29 0.30 0.32 0.33 0.45 0.53 0.60 0.66 

5.00 0.13 0.16 0.18 0.20 0.26 0.28 0.30 0.31 0.33 0.34 0.46 0.55 0.62 0.69 

6.00 0.13 0.17 0.19 0.21 0.26 0.28 0.30 0.32 0.34 0.35 0.48 0.57 0.64 0.70 

7.00 0.14 0.18 0.20 0.22 0.27 0.29 0.31 0.33 0.35 0.36 0.49 0.58 0.65 0.72 

8.00 0.15 0.19 0.21 0.23 0.27 0.30 0.32 0.33 0.35 0.37 0.50 0.59 0.67 0.73 

Threshold Orbital Velocity 

0.80 
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Figure 6.2 Threshold orbital velocity required to mobilise sediment, s2.72 
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Project Reference 032/07200 
Project Name 	Mermaid Marine Supply Facility 
Location 	 King Bay, Dampier, WA 

Sediment Transport - Initiation of motion.s: Waves - Wave Height 

Parameters are: 

grain size 	 d50  

specific gravity 	s 	2.72 
water depth 	h 
wave period 	T 	2 
wave height 	H 

d50  

0.10 

(mm) 

0.20 0.30 0.40 0.50 0.60 

- 

0.70 0.80 0.90 1.00 2.00 3.00 4.00 5.00 h 

0.10 0.03 0.04 0.05 0.05 0.15 0.16 0.17 0.18 0.19 0.20 0.26 0.32 0.36 0.39 
0.25 0.05 0.06 0.07 0.07 0.17 0.18 0.19 0.20 0.21 0.22 0.30 0.36 0.41 0.45 
0.50 0.06 0.07 0.08 0.09 0.18 0.20 0.21 0.23 0.24 0.25 0.33 0.40 0.45 0.49 
1.00 0.07 0.09 0.11 0.12 0.20 0.22 0.23 0.25 0.26 0.27 0.37 0.44 0.50 0.55 
1.50 0.08 0.11 0.12 0.13 0.22 0.23 0.25 0.26 0.28 0.29 0.39 0.46 0.52 0.58 
2.00 0.09 0.12 0.13 0.15 0.22 0.24 0.26 0.27 0.29 0.30 0.41 0.48 0.55 0.60 
5.00 0.13 0.16 0.18 0.20 0.26 0.28 0.30 0.31 0.33 0.34 0.46 0.55 0.62 0.69 
10.00 0.16 0.20 0.23 0.25 0.28 0.31 0.33 0.35 0.36 0.38 0.51 0.61 0.69 0.76 

Threshold Wave Height 

-0.10 
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-5.00 H 
-10.00 
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d50 (mm) 

Figure 6.3 Threshold wave height required to mobilise sediment, s2.72 
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Figure 6.23: Previous Concept - Time-series at Node 1012 - H=0.1 m T=1 .5s 	PHC 
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Figure 6.24: PrevIous Concept - Time-series at Node 1012 - H=0.25m T=2s 	 PHC 
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Troiis port 

1. 	INTRODUCTION 

BEAST (Bed Evolution And Sediment Transport) has been developed by Port and Harbour 

Consultants using the present knowledge of sediment transport formulations. Suitable for 
applications where both currents and waves are responsible for sediment transport, the model 

can be applied over an arbitrary computational domain of variable resolution (as required). 
The model allows convenient selection of the most widely used formulae for rapid assessment 

of morphological trends, and combined with the presentation tools available to Port and 
Harbour Consultants, provides a powerful coastal engineering tool. 

At present, the model has been linked to the RMA2 finite element hydrodynamic model to 
provide the circulatory field, and allows for a constant wave field to be specified. Future 

development will include interfacing BEAST with the Mike2l suite of wave models to provide 

variable wave characteristics and a model with wider applicability. 

This document contains a brief summary of the model methodology and sediment transport 

formulations currently implemented. 
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2. 	MODEL METHODOLOGY 

Compute velocity and elevation 

field over domain using RMA2 

circulation model 

Select sediment transport module 

i 

	

Input RMA2 current field 	< 

Compute local sediment 

transport vectors 

Compute local bed level change 
due to transport 

I _ 

	

L Loop back as required 	1 



_ 
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21 	Sediment Transport Modules 

Module 3 - Van Rijn 1984 

Van Rijn's method is based on the parameters of saltation height, particle velocity and 

bedload concentration, and is valid for size ranges 200-2000lim (units are kgm 1s 1). 

= 0.053. 3 4(s _1)gJ05 d 
50 

where 

- [_i 1 
D. _dsO[ 

v2 
particle parameter 

11,  
T = 	

- 
2 	threshold parameter 

u. = 	the bed shear stress 
C 

i 
C = 18 log10 

I 
12 h the Chezy roughness coefficient 
rJ 

and 

d50 	is the 50% passing particle size 

h 	is the water depth 

s 	is the specific gravity of the sediments 

r 	is the sea bed roughness 

U 	is the mean flow velocity 

9 	is the acceleration due to gravity. 
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The critical value of the bed shear stress, u., is determined from the Shields criteria for the 

initiation of sediment movement, which can be partitioned according to the particle parameter, 

as follows: 

For 	 D.:!~4 	90.24D' 

4<D.10 	O=0.14D °64 ~  

10 < D. :!~ 20 	O = 0.04 

20<D.:~150 0=0.013D 29 

D.>150 	0=0.055 

and 

= 
-_______ 

(s— 1)gd50 

Soulsby (1997) also offers a simplied formulation for the shields parameter: 

o 	
= 	

+ 0.055[1 - exp(--0.020D.)] 
1+1.2D. 
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Module 5 - Nielsen Approach 1992 

Nielsen's formulae is a variant of the Van Rijn, Bagnold and Yalin formulations, which are all 
of similar form. The form incorporates the usual threshold condition based on the Shields 
criteria, below which no transport occurs. The formula below has units of m2s1 . 

qh = 12[g(s _1)d 0 ]202(0_8) 

where 

-= 

gp(s - 1)d50  g(s - 1)d50  

U. =C,U 

030 
= -F 

1.2D. 0.055[1 - cxp(-0.020D.)] 

and 

d50 	is the 50% passing particle size 

S 	is the specific gravity of the sediments 

U 	is the mean flow velocity 

C 	is the bottom frictional/drag coefficient - commonly 0.0025. 

g 	is the acceleration due to gravity. 
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Module 7 - Bijker Approach to Waves and Currents in Combination (used in this study) 

Bijker (1967) gives the following formula for calculating sediment transport due to both waves 
and currents. The premise is that the presence of waves leads to enhanced bottom friction 
allowing for the suspension of a larger amount of sediment in the water column, which is then 
advected by the mean current flow. The formula as given has units of m2s1. 

qb 	

—0.27g(s -1)d50  
= Au.d ex[ (2 + 0.016U,) 

where 

it. 	is the total friction velocity, given by 

O.40U 
U. = 

ln(12h / Ar ) 

/1 	is the "ripple factor", given by 

1.5 
[lfl(12h/Ar) 

[1n(12Ji/4) 

A11 	is a factor: 1 for non-breaking waves, 5 for breaking waves and 

U 	is the wave orbital velocity amplitude 

H I 

T sinh(kh) 

with 

H 	is the waveheight 

T 	is the wave period 

k 	is the wave number 

h 	is the water depth 

h 	the mean current velocity 

Ar 	the ripple height 

d50 	the median particle size 
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d 	the 90% finer particle size 

The ripple height can be estimated by using observation evidence which suggests that 
typically: 

Current generated ripples 

wavelengths  2 r  = 100 50 , and 

height, A = 2 / 7. 

Wave generated ripples 

wavelength, 2,. = [1 - 21UD T / 2ir, and 

height, A, = [0.1 - 0.2]2. 
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Module 8 -Van Rijn 1984 modified for Waves and Currents (Bijker method) 

For cases involving the presence of both waves and currents, the Van Rijn formulation has 
been applied (as for Module 2) however theadditional shear stress at the bed due to waves 
has been accounted for by applying the Bijker approach, as modified by Swart, 1976. Bijker 
makes the assumption that the formulations for current driven sediment transport are valid 
with the addition of wave induced shear stress. 

The increased shear stress at the bed is determined according to the ratio given by Bijker: 

=1+ 

where 

U 	is the maximum wave orbital velocity at the seabed 

U 	is the mean depth-averaged current flow 

is a factor depending on bed roughness, water depth and the wave friction factor 

(Swart, 1976) 

= c[L]. C is the Chezy coefficient. 

The bed shear stress is then given by 

in the usual fashion. 

The maximum wave orbital velocity at the seabed, L',, is calculated using Linear Airy theory, 

i.e. 

U rn  7t - 	Ti;;- sinh(kh)' 

where 

H is the waveheight 

T is the wave period 

k is the wave number 

h is the water depth 
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Port & Harbour 
Consultants 
A Division of Worley Fraser Pty Ltd 
ACN 00$265927 

Level 16 QVI 250 St Georges Terrace 
Perth Western Australia 6000 
Telephone +61 8 9278 8300 
Facsimile +61 8 92788110 

Web 	http://www.worley.com.au  

Our reference: 032/07200A201MB/ss 

File: 032/07200 

Group Development Manager 

Mermaid Marine Australia Ltd 

20 Mews Road 

FREMANTLE WA 6160 

Attention: Mr Alan Roberts 

Dear Sir 

RE: MERMAID MARINE SERVICE FACILITY 
RESPONSE TO OUTSTANDING ISSUES 

Port & Harbour Consultants response to outstanding DEP concerns relate to the validity and 

completeness of the hydrodynarnic modelling of King Bay. 

DEP correspondence since submission of the Referral has focussed on two irnpacts:(a) water exchange 

within the mangroves and (b) erosion issues. 

Both of these impacts are small. 

DEP concerns with respect tot he Port & Harbour Consultants hydrodynamic model relate to: 

Wind effects on the current mechanisms within King Bay. 

Absence of comprehensive erosion modelling. 

Lack of model calibration. 

Whatever further work is undertaken with respect to concerns a, b and c above, the jjj acts on the 

surrounding environment will remain negligible. 

Before directly addressing thc'se issues, it is worth revisiting some of the aspects of the King Bay site. 

King Bay lies on the eastern shoreline of Mermaid Sound, and is sheltered from the direct effects of 

swell wave energy. The predominant source of wave energy at the site is through local wind 

generated waves, which are fetch limited by the surrounding archipelagos. With the exception of 

cyclonic events, the wind climate is only moderate. The Bureau of Met (B0M) data used in the study 

showed that 50% of winds are less than 5ms 1. Wind direction is also quite variable, particularly 

during Autumn and late Winter (see Forde, 1985). The wind patterns are also strongly influenced by 

local sea/land breeze effects. 
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For the wind to generate waves of concern to King Bay, it must have a westerly component. The BoM 

data shows that this is the case approximately 50% of the time. The data also shows that 80% of these 

winds are less than 6m/s. We therefore anticipate that the wave energy within King Bay will be 

small. 

Forde (1985) analysed wave data collected by Steedman & Associates for Woodside. One waverider 

(non-directional) was deployed slightly to the west of Withnell Bay, a slightly more exposed location 

than King Bay. This site is also expected to be more influenced by swell wave energy than King Bay. 

The nine months of mean significant wave heights ranged from 0.1Om to 0.29m with a mean period of 

3s. Thus even at this exposed site, wave energy is very low. 

The tides in the Dampier region have a large range. The tides are typically semi-diurnal with a mean 

spring tidal range of around 3.7m. As the majority of the bay lies above Chart Datum (approximately 

lowest tide level) much of the Bay actually dries during the ebb tide. The following table presents the 

submergence information based on the King Bay tide gauge. 

lable 1 - Tidal Submergence 

Tidal Plane Level (m rd Time Submercd (5%) 

MIIWS 4.55 - 	5 

MHWN 3.22 35  

MSI. 2.71 50 

MLWN 2.25 65 

MLWS 0.88 95 

The bed level in King Bay varies from around 0 CD to +2.5rn CD. Therefore a large portion of the 

Bay is dry between 5 - 50% of the time. During other times, the depth modulation and flooding 

process would generate significant levels of vertical turbulent mixing, suggesting that the water 

column is generally homogenous. It was therefore assumed that stratification would not be important 

for this study, and that a depth-averaged model would suitably address all the issues. It is also 

interesting to note that the density sections presented by Forde (1985) show negligible vertical 

structure in the upper 5m of the water column, even in the main body of the Sound. 

It is also worth noting that the variation in tidal levels, and subsequent drying of large regions of the 

Bay limits the overall influence of wind on the system. This is achieved via two mechanisms: 

the direct drying of thc'bed. 

the dramatic reduction in water level, enhancing retardation due to bottorn friction effects. 

These effects are obviously reduced during neap tides. 

From a water quality perspective, there can be no more an effective flushing mechanism than the 

physical emptying of the Bay waters. Clearly the tide can be considered the dominant mechanism for 

flushing considerations, with wind effects at the second order, and density effects of even less 

importance. 
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Degradation of water quality within the proposed basin is not expected to occur, predominantly due to 

the large tidal range at the site. Should exchange be limited then the development of stratification in 

the water column could have the potential to limit the renewal of bottom waters. A simple analysis 

suggests this not likely —the mean neap and spring tidal ranges are approximately Im and 3.7m 

respectively, giving tidal prism ratios (volume of tidal prism to volumeof basin) of 14% and 55%. 

Based on geometrical considerations (eg Nece et al., 1976) the exchange is expected to be very 

efficient. Given 2 tidal cycles per day, then we would expect the flushing time of the basin to vary 

between I and 5 days depending on the tidal state. Consequently, the basin waters are expected to turn 

over at a sufficient rate to preclude significant loss in water quality. It is also worth noting that the 

large amount of deep-draught vessel traffic will assist in the vertical mixing of the basin. 

Based on the above assumptions, the hydrodynamic modelling was centred around the assessment of 

the impact on tidal circulation. It was considered that the main concern was an alteration of the 

inundation cycle at the mangrove margins. This was clearly demonstrated to be negligible by the 

modelling work. The issue of water quality was not examined in detail due to the influence of the tide 

on the exchange processes as noted above. 

As documented in the report, and in subsequent communications, the finite-element model had 

previously been calibrated to current measurements within Mermaid Sound. The previous calibration 

exercise involved determining the tidal lag through Mermaid Sound, the driving force behind the tidal 

currents. Essentially, the tidal lag across King Bay can be considered negligible, and the system could 

have been modelled with an open boundary at the Mermaid Sound end. However, to reduce numerical 

open boundary affects, the larger domain was selected. 

It should also be pointed out that a validation exercise was conducted for the Mermaid Sound model 

during the Dampier Port Upgrade dredging works. While the model was influenced by small phase 

errors between the modelled and actual tides during times of slack water, the performance was 

acceptable during the flood or ebb phases of the tide. 

As mentioned in the recent correspondence, the DEP are concerned that the calibration data is not 

representative of the conditions within King Bay. \Vhilc we concur with this, the previous calibration 

and validation exercise within Mermaid Sound gives us confidence in our tidal boundary conditions. 

Given that the boundary forcing is accurate, then should the bathymetry be well represented and 

bottom friction set to an expected value, the model results should be quite accurate. Thus, the use of a 

high resolution survey set from 1997 (as indicated in the report) and selection of a representative drag 

coefficient, gives confidence in the outcome. 

To summarise, we believe that the methodology adopted in the hydrodynarnic modelling was adequate 

to address the impact of the froposed development on the tidal and flushing regime of King Bay. We 

do not believe that field measurement, or the inclusion of wind in further simulations, will greatly 

change the findings presented in the original report. 

The methodology for the sediment transport modelling was developed based on the following factors: 

both currents and waves likely to be important. 

anecdotal and observational evidence suggested that transport rates are small in King Bay. 

Sensitivity to parameters should be assessed. 
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It was decided that a 29-day tidal cycle would be modelled, together with representative wave 

conditions. Typical sediment parameters were selected based on 8 surface sediment samples near the 

development. 

Without a detailed wave model of the site, we conservatively selected a constant wave field based on 

wind-generated wave calculations. These cases were: 

H0.lm ,T=l.5s 

2. 	H=0.25m ,T=2s 

1-I=0.5rn ,T=3s 

The wave field was constant in both space and time. As suggested from the data presented in Forde 

(1985) at a more exposed location, we may expect that Case I is most representative of typical 

conditions. 

This can also be demonstrated by the following analysis. Based on Legende Island wind data, only 

50% of wind conditions will generate waves of any significance within King Bay. These are when the 

wind is incident from the SW, W or NW, as shown by the bottom panel of Table 4.1 in the original 

report. From this data, it is possible to synthesise the occurrence matrix for wave height. This results 

in the following Table. 

Wave Heiht (us, m) %Occurrence 	__________ 

0-0.1  61.5 

0.1-0.2 19  

0.2-0.3 7.5 

0.3 -- 0.4 8.5 

0.4-0.5 3.5 

>0.5 10(say1%) J 

Notc: I3oM data, Legendre Island, water level @ MSL, winds from S\V, Wand NV only. Us calculation based on Shore 

Protection Manual (CERC, 1984). 

This clearly shows the conservativeness of the transport estimate over 29 days for the constant wave 

height scenarios. Additionally, the sheltering influence of the development has not been considered, 

again a very conservative assumption. It is expected that the wave climate to the east of the 

development will be very mu9h calmer than at present. 

Based on this analysis and the modelling results, transport gradients are expected to be extremely 

small, resulting in little net change to the seabed over monthly periods. 

We therefore felt that since the gradients in transport were so small, that including the effect of wind 

on transport of the suspended load was not necessary. This was an approach based on ourjudgement 

of the sensitivity of the site. 

The DEP have also raised concerns over the neglection of wind effects on sediment mobilisation. The 

wind has two ways of contributing to sediment mobilisation: 

Wind induced currents. 
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Wind induced waves. 

Of these, the second mechanism is far more dominant than the first. 

Take for example: 

A I Om/s wind (low occurrence at the site) blowing over a fetch of 10km with an average water depth 

of 3m. 

Based on typical parameters, surface current induced by wind drag over water = 3% of lOin/s 

O.3mIs. 

Approximating the induced current profile as a parabolic profile, with no slip at the seabed, the depth 

averaged velocity is typicilly 2/3 that at the surface, i.e 0.2mIs in this case. As shown in Figure 6.1 of 

the original report, such a value is below the threshold for mobilising sediment from the bed. 

Conversely, the potential for wave induced mobilisation is far greater. Under these conditions, the 

resultant wave height would be 0.50m with a period of 2.7s. The critical parameter, the bottom orbital 

velocity amplitude is given by the relationship of Komar and Miller (1974). 

.? 	'! 

	

U,. = [0.1 18g(s - I)]3  d 3  T  3 	for d< 0.5mm. 

ic Uwcr = 0.137ns 	for d o =0.2rnin. 

For this wave condition, U. can be given from the linear wave theory estimate of: 

U = 	'—=0.20nzs'. 
Tsinh(kh) 

Therefore, while the wind-induced current was less than the required critical value, the wave induced 

bottom stress comfortably exceeds the threshold value. 

As raised by the reviewers, there is one further way wind could contribute to sediment mobilisation: 

by augmenting the tidal currents such that the total current would exceed the threshold. Such a 

situation requires the joint coincidence of peak tidal flow and a moderate to strong wind from a 

"friendly" wind direction. Although the reviewers note that 30% of winds are from the western sector 

with magnitudes of 3.6 —7.1 m/s, the issue ofjoint coincidence reduces probabilities significantlY. 

Consider the following exercise. Based on the hydrodynamic modelling results, the following % 

occurrences for tidally driven currents adjacent to the site can be derived: 

5 	 9 November 1999 
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East-West Current % Occurrence 

Ebb Flow (- ye)  

0.3-0.2 3.1 

0.2-0.1 13.8 

0.1-0 36.3 

Flood Flow (+ ye)  

0.3 - 0.2 2.7 

0.2-0.1 13.5 

0.1-0 30.6 

Recall from the original report that the threshold current speed at the site has been estimated to be 

0.3m/s. To illustrate the small impact of wind on the potential for current driven sediment 

mobilisation, even a consistent I OmIs wind from the west for the full 29 clays (a very unrealistic and 

conservative scenario), would only alter the mobilisation potential during 16% of the time. The mean 

wind speed of Sm/s would only have an impact less than 5% of the time. 

Clearly the predominant impact of wind on mobilisation is that due to wave action. The study 

methodology was designed around this assumption based on our expectations at the site and the 

arguments presented above. 

To provide further evidence of the low magnitude of sediment transport and hence morphological 

change, we have compiled a series of aerial photographs from 1980 onwards. These are presented in 

the attached figure. These images were used in the initial assessment of the work but not presented in 

the initial reporting. 

The figure shows five photographs, taken on the following dates: 

30 December 1980 

1 August 1987 : Lena 

31 August 1991 : Ilona, Orson, Tina 

16 September 1993 : Jan 

2 September 1996 : Bobby, Frank, Jacob, Olivia 

Shown next to the dates above are the significant tropical cyclones that occurred between the times of 

the previous photograph. These include Orson and Olivia, two of the most severe recorded in the 

region. The figure also includes the collage of the coastline. 

It is immediately clear that there has been very little change in the system since 1980. As discussed in 

the report, the presenceof fines on the Bay's margins suggested a low energy environment. This is 

supported by the photographic evidence, even following the impact of several extreme events. Not 

only the coastline, but the tidal channels and many bed features have also remained stable over this 

period. 
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Perhaps the most striking example is taken from comparison of the 1987 and 1991 images. The 

"arrow-shaped" feature annotated on the images has remained almost constant for 4 years, even after 

the passages of 4 tropical cyclones. 

This presentation supports the findings of the original report, that King Bay is not dynamic from a 

sediment transport point of view. We hope that we have clarified our methodology and conclusions to 

the satisfaction of the DEP. 

It is our opinion that further detailed modelling including wind effects and field measurements are not 

required due to the extremely low magnitude of sediment transport at this site. 

Yours faithfully 
PORT & IIARJ30UR CONSULTANTS 

MURRAY I3URLING 
Coastal Engineer 
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Environmental Protection Authority 

r Alan Roberts  
Group Dve1opment ManacTer 
Mermaid Maxine Australia Ltd 
20 Mews }oad 
rREMANTLE WA 6160 

l)ear Mr Roberts 

)AMPIE MARINE SERVICES FACIL!TY CONSULTATIVE 

Recently I had a xetin with senior staff of the Department of En 
Protection (DEP) in an eftort to progress your proposal for.an upgrade of 
th Mermaid Supply Base in Dampier. 

You will be aware I have advertised in the paper an intention to have the 
a.ssessed through the Environmental Protection Statement (EPS) proceas. 

My trnderstanding is that we are close to being satisfied that I can p 
nvironnntal Protection Authotity (EPA) rcort on the proposal that can 

ny in the nublic arena. However,! am advised that th 	is still one 
'hich we need sortie resolution. This relates to the implementation of a hyd 

and zedirnt transport model to predict the likely environmental imps 
propnsed development in 1<ing Bay. Below I will endeavour to be precise in 
so that the nrofessionals in the field can give this issue final attention. 

You have mentioned in your fax to Ben Hollyock that a way forward cc 
independent review such as by UWA Centre for Water Reseaxth (CWR) 
agreeable if you would like to proceed with this. Mother party you c 
independent advice from is the group led by Mr Peter Craig at the CSIRO I 
Marine Science (stationed in Hobaxt). 

however, in considering such an approach I should mention that I have 	ested 
Dr Chris Fanthy to provide me some advice, essentially as an independent ex , arid 

iS view5 amin aecordance with those reflected in the DEP comments to u of 
1.9 Octobtar,199 

Chris is the Director 6f the North West Shelf Maxine Envfromnentai 	arch 
Programroc seconded from the CSIRO Division of Marine Research. He i• vcry 
competent oceanographer, and prior to his secondmenr, was Chief of the:IRO 
Division of Oceanography (irciup. Accordingly it is my judgement that the 	iation 
reueste-d is likely to remain in force. 

WttU1ja Squ2re, 141 St Georplrerrmcc. Pcrth. Wem Austt*iia 6000. Te p1t: (08) 9227 7000. Facstrrdlt 
Postth Addrvu: F() 8ox K822. Perth, Wttetn Austr1ia 6842. 
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If you are proceeding to request the CWR to provide an input. I would want 
that 	people involved were of the same comoetence as those from who 
sought advice. 

There would.bè value for any group that is chosen to undertake the review 
with Dr lls at the DEP. 

As previously advised to you, the DEP's outstanding concerns are that: 

the ERD does not present local data as the basis for assessing whici 
hvdrc.dynrnic forcings (eg. dut to tide, wind, water density stratification 
Ignificant in controlling )tey processes (eg. water cireulation, mixing and 

transport) operating within the bay; 
in particular, there is no observational evidence provided in the ERD that ab 
wind or other forcin mechanisms can be neglected; 
the absencQ of :uch a data-bascd assessment of forcings, and the apparent 
of model validation grcatly wckcns the confidence that can be placed in th 
rauits, provided in the ERD; 
unless there is some mechanism for significantly dampening the wind-<hiv 
which ahould be explained, DEP finda it difficult to sccepç without obsei 
evidence, that the influence of wind-driven currents on the overall cirtula 
sediment transport in King Bay can always be neglected; and 
it no co.nvincmg explanation or observations can be produced, the 
recommended that wind forcing be included in the hydrc1ynamic simulath 
(if justified) these results then be applied in the sediment transport simulatia 

I look forward to progressing your propoai in a timely manner, however until 
Issue has been resolved, I will not be in a position to provide a report to thc 
their consideration. 

Yourz sincerely 

èCO'A 
Utc 

Bernard Bowen 
CHArRMAN 
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