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3 DATA ACQUISITION (STAGE 1)

A number of technical studies were undertaken in the Alkimos region following completion of the PER
to refine existing information and to develop a detailed description of the environments that might be
affected by the proposed developments. Data collected under the current study (referred to in
Appendix H) was input into a site-specific hydrodynamic model to ensure that accurate outputs were
achieved (Section 4.2). The data gathered and analysed during the PER and additional biophysical
studies is presented in the following sections to describe the existing environment in the vicinity of the
proposed construction works.

3.1 Climate and Meteorology

The Alkimos region experiences a Mediterranean climate, semi-arid with wet, mild winters and warm,
dry summers, and lies within the 700-800 mm/yr rainfall isohyets. The average maximum temperature
is 24 ° C and the average minimum temperature is 14 °C (Oceanica 2005a).

3.1.1 Wind

The nearest wind recording site is the Bureau of Meteorology Station at Perth Airport. While wind data
from this station provides an indication of wind conditions at the proposed development site, it is likely
that observed wind speeds in the study area would generally be greater than those at Perth Airport
due to the site’s proximity to the coast (Atteris 2005).

The wind regime in the Perth coastal region (including Alkimos) is driven largely by the seasonal
migration of the anti-cyclonic belt (pressure systems) to the north in winter and to the south in
summer (D’Adamo and Mills 1995).

During the morning period, the wind is predominately offshore (from north-east or east), changing to
onshore (from west or south-west) with an increase in speed during the mid-afternoon. An onshore
wind occurs approximately 40% of the time during afternoon periods in the winter, increasing to 60%
of the time during spring and summer, generally between 20 and 30 km/hr. Autumn and winter have
the highest proportion of offshore wind observations during afternoon periods and also the highest
proportion of calm conditions (<5 knots) (18% and 20% respectively) (Atteris 2005).

3.2 Hydrodynamics

3.2.1 Currents

Nearshore and surface ocean currents along the Perth metropolitan coastline are largely wind-driven.
A combination of factors, including friction of the wind at the sea surface and associated pressure
gradients across the ocean surface, influences the direction and magnitude of water movement in the
Alkimos coastal region. Nearshore currents in the Alkimos area can be complex due to interactions
between regional currents, local wind-forced currents, waves, and irregularly shaped shallow reef
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systems. The maximum current speed experienced 1.8 km and 3.4 km from shore at Alkimos during
the April, May and June 2005 monitoring was 0.46 m/s. Mean current speeds ranged from 0.12 m/s to
0.07 m/s during this period, depending on water depth. Data collected during May and June 2008 is
consistent with the 2005 data (Appendix H).

The reef systems offshore from the Alkimos coastline dissipate a significant proportion of ocean wave
energy before it reaches the shore. However, the irregular bathymetry of the coastal shelf within 3 km
of the shore diffract and refract swell waves, producing a complex pattern of nearshore water
movement and wave energy which results in a relatively high energy coastal environment.

Marine waters offshore from Alkimos are generally well mixed and display minimal stratification due to
the high energy coastline in the region (Appendix H; Oceanica 2005).

3.2.2 Waves

Two broad categories of waves are associated with coastal processes in the Alkimos region. Swell
waves, typically with long periods, are generated over large distances in the Southern and Indian
oceans and regularly reach heights of 2 m on approach to the Perth coastline. As swell waves cross
the continental shelf, they are refracted from the south-south-west to a more westerly direction (Mills
et al. 1997). Sea waves, or local wind-driven waves, have a shorter period, and generally travel away
from the dominant wind direction and so change their angle of propagation with seasonal changes in
wind direction. Sea waves tend to achieve greater wave heights than swell waves (exceeding 4 m
under windy conditions) (MP Rogers and Associates 1998). Sea waves tend to only interact with the
seabed in relatively shallow waters and so can break on shore at an angle.

The reefs offshore from the Alkimos coast are likely to dissipate a significant amount of the ocean
wave energy entering the area. The irregular bathymetry of the coastal shelf within 5 km of the shore
diffracts and refracts swell waves, producing a complex pattern of nearshore water movement and
wave energy. This distribution of wave energy in the nearshore environment typifies the energetic
coastal marine environment of the area. Sea waves are generated from both nearshore reef and
offshore non-reef areas. As with swell waves, those waves generated outside of the nearshore reef
system may penetrate the nearshore area to differing degrees based on the local bathymetry. Sea
waves generated inside the reef system by wind-forcing are more likely to move in a downwind
direction and approach the shore at an angle close to that of the predominant wind direction (Mills et
al. 1997).

Waves generated by the sea-breeze typically achieve heights of 0.5 m to 1.5 m and are propagated
from the south to south-west (MP Rogers and Associates 1998). The maximum wave height recorded
at Alkimos during the current and wave sensor deployment period, 30 April 2005 to 26 June 2005,
was 4.6 m. Wave direction was predominantly from the west, with a mean wave period of between
4.9 seconds and 15.0 seconds (3-hour averages) (Fugro GEOS 2005). Data collected during May
and June 2008 for the current project is consistent with the 2005 data (Appendix H).
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3.2.3 Tides

The predominantly diurnal tides in the Alkimos region are relatively small, with a maximum spring tidal
range of 0.6 m and an astronomical tidal range (LAT to HAT) of 1.2 m (at Fremantle) (WAPC 2003).
Yanchep tides (8 km north of Alkimos) are approximately 20 minutes ahead of those recorded at
Fremantle (50 km to the south of Alkimos) (Pattiaratchi et al. 1995). Tidal forcing is unlikely to play a
significant role in the local oceanographic processes at Alkimos (MP Rogers and Associates 1998).

Figure 3-1 and Figure 3-2 show typical spring and neap tidal cycles from Two Rocks Marina, 15 km to
the north of the proposed pipeline route.
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Figure 3-1: Typical spring tidal cycle predicted for Two Rocks Marina located 15 km north-
north-west of the proposed development site
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Figure 3-2: Typical neap tidal cycle predicted for Two Rocks Marina located 15 km north-
north-west of the proposed development site

3.2.4 Sediment Transport

Natural coastal sediment transport driven by the hydrodynamics has remained relatively constant
since monitoring began in the 1960s. Maximum distances of beach erosion of between 45 m and

55 m have previously been recorded. Some significant areas of erosion have occurred where dune
vegetation is degraded or damaged (Oceanica 2006). The shoreline for approximately 1 km south of
the proposed development site is eroding at an estimated rate of 7,300 m® per year, with sediment
moving in a predominately northerly direction. The shoreline that extends 1.5 km to the north of the
proposed development site is estimated to be accumulating sediment at around 15,000 m® each year.

3.3 Water Quality

3.3.1 Physicochemical

Baseline water quality investigations were undertaken between 2004 and 2006 by Oceania (Appendix
E). The waters adjacent to Alkimos are typical of Australian sub-tropical/ temperate coastal waters,
with dissolved oxygen (DO) concentrations remaining high throughout the year, reflecting an exposed
and dynamic environment (Oceanica 2005) and being generally compliant with ANZECC/ARMCANZ
guidelines for Western Australian marine waters. The temperature ranged from 16 °C to 23 °C in
response to seasonal changes in air temperature. Salinity generally displayed low variability
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temporally and spatially, ranging from 35.2 to 36.8 g/L across the study area; slight haloclines form
sporadically during certain periods.

Rough sea conditions are often experienced due to afternoon sea breezes during summer months
and during winter storm events. These conditions promote sediment resuspension, causing natural
elevations in turbidity, sediment deposition and light attenuation at the seabed (Oceanica 2005).
Recent monitoring and subsequent hydrodynamic modelling indicate that light attenuation in the area
is highly variable over both short (<12hrs) and longer periods (up to 30 days).

3.3.2 Chemical

In general, the nutrient concentrations in the shore (adjacent to beach), nearshore (2 km offshore),
and offshore (3 km offshore) waters at Alkimos are similar to other Perth coastal waters, being
generally low (oligotrophic), and with nitrogen being the primary productivity-limiting element.

Total phosphorous (TP) and filterable reactive phosphorous (FRP) concentrations were generally low
across the study area, ranging from 9-29 ug/l and 7-22 ug/l respectively. Concentrations of TP and
FRP generally decreased between the shoreline and offshore sites, and also between autumn and
winter, with peak concentrations being recorded at nearshore sites during December, with secondary
peaks occurring throughout the area during March (Water Corporation 2005).

Total nitrogen (TN) concentrations comprised mainly organic nitrogen compounds with ammonia,
nitrate and nitrite concentrations representing <10% of total nitrogen content. TN concentrations were
generally higher in shoreline environments compared with nearshore and offshore areas, ranging
from 90 to 400 pg/L.

Nitrate and nitrite concentrations were generally higher at offshore and nearshore locations compared
with shore locations, with peaks in nitrate and nitrite concentrations observed in June; this was
consistent with the seasonal winter peaks in nitrates and nitrites of Perth coastal waters (Kinhill 1999).
In contrast, ammonium levels were the highest at shore sites, peaking during late summer and
dropping during the spring /winter period to below the reporting limit of 3 ug.N/L. FRP concentrations
typically display slightly lower concentrations at offshore sites than at nearshore and shore sites (for
both surface and bottom waters).

Chlorophyll-a concentrations at Alkimos are relatively uniform between shore, nearshore and offshore
sites, and between surface and bottom waters, with the range of concentrations being of a similar
magnitude to those recorded as part of the Perth Coastal Waters Study (Lord and Hillman 1995).

No indication of contamination by either thermotolerant coliforms or enterococci was recorded during
studies in the Alkimos area (Water Corporation 2005).

Both the physical and chemical characteristics of the marine waters in the areas proposed for the
pipeline and outfall construction are typical of a coastal system. There are minimal influences from
catchment runoff and there is an absence of other potential sources of pollution.
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3.4 Marine Ecology

The intertidal and subtidal areas of the proposed pipeline and outfall comprise a shallow, high energy
coastal environment that ranges in depth from approximately 0 m LAT (lowest astronomical tide) at
the shoreline to approximately 20 m LAT at the proposed outfall location. The study area is dominated
by a limestone reef system that extends approximately 3 km from the shoreline. The limestone reef
areas combine with variable sand patches that provide high habitat complexity for colonisation and
recruitment of a range of marine species. The area supports a high diversity of flora and fauna,
including important benthic primary producer habitat (BPPH) and a variety of marine mammals, fish
and benthic fauna. A benthic habitat mapping investigation of the proposed pipeline and outfall route
was undertaken by Oceanica in 2005 and forms the primary source of baseline information for the
description of the benthic marine habitats adjacent to the proposed pipeline and outfall.

3.4.1 Marine Benthic Communities

The benthic communities in the vicinity of the ocean outlet comprise a range of seagrass, reef and
sand habitats. Sand is the most common habitat found within the study area (56%) followed by
moderate and high relief reef habitats, 20% and 14% respectively (Table 3-1). Sand patches provide
habitat for three species of seagrass (Posidonia sp., Halophila sp. and Heterozostera sp.) while reef
areas provide habitat for a number of macroalgal species (including Ecklonia radiata, Sarcomenia
delesserioides and Codium sp.) and seagrass species, Thalassodendron pachyrhizum and
(Amphibolis sp.). The baseline BPPH investigations are detailed in Appendix F.

Dense seagrass beds (>80% cover) generally consist of Amphibolis spp. and Posidonia australis.
Other seagrass species, Halophila ovalis and Heterozostera tasmanica, exist in isolated patches with
variable cover, ranging from 20% to 100%.
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