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Executive Summary 

The Heron Island harbour was re-dredged between September and November 1987 and a swing 
basin for vessels and a jetty were also constructed at that time. Following concern about the 
potential effects of the dredging operation, a multi-disciplinary monitoring program was initiated. 
This report covered the investigation into the nature and distribution of sediments on the reef flat 
and in the spoil dump, the conditions responsible for the erosion of the spoil dump and the 
quantity of dredge material in the spoil dump. 

Generally, the dredging operation suspended large quantities of fine material which settled south 
of the spoil dump and particularly along the outer edge of the reef. The dredge material did not 
appear to affect the area east of the Research Station on the south of the cay and east of the resort 
on the north of the cay. In the two years following the dredging, much of the fine material was 
redistributed and removed from the reef flat by natural action. The sediment distribution patterns 
appear to be returning to those prior to the 1987 dredging operation. 

Cyclone Fran was generally responsible for removing a large amount of silt from the reef flat and 
from the harbour channel itself, thus further acting as a cleansing agent for reef flat biota. 

The quantity of dredge spoil deposited on the beach was estimated at. 14,860m3. The spoil dump 
eroded rapidly in the first 5 months following dredging with around 6% of the total volume lost. 
Over the following 3 years this tapered off to around 11% of the initial spoil dump volume. 
Major climatic events such as storms and cyclones can still cause substantial erosion to occur 
from the spoil dump. During Cyclone Fran in March 1992, a further 4% of the total volume was 
lost and the shoreline underwent substantial re-alignment. 

Silt in the spoil dump is concentrated in lenses. These lenses are generally more prevalent in the 
northern side of the spoil dump which is also the side most prone to erosion. The top of the spoil 
dump is very rubbly, making it unpleasant to walk on and difficult for turtles to nest in. 

The environmental conditions causing silt plumes to be produced from the spoil dump were 
studied intensely over a 3 year period. Wave height and tidal state were the most important 
variables affecting erosion. The conditions causing the formation of silt plumes are episodic and 
have been decreasing over time, so that now they only occur at wind speeds greater than 15-20 
knots, coinciding with tide levels of more than 2Sm. 

Recommendations are made for the management of the spoil dump and for further monitoring. 
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PART ONE 

Short term monitoring and 
environmental effect 



l- INTRODUCTION 

HeronIsland is located in the Capricorn Group of reefs, which together with the Bunker Group, 
form the southernmost part of the Great Barrier Reef Marine Park (Figure 1). In this region the 
Reef consists of a series of isolated platform reefs, many of which have small vegetated islands 
(coral cays). 

Heron Reef is about 9km long and 4km wide at its widest point. It has a lagoon and Heron 
Island is situated on the leeward side of the western end of the reef platform. The island itself, 
which is formed of calcareous material, mainly sand, is 830m long and 300m wide and is 
approximately elliptical in outline. It is aligned with its long axis in the direction eastsoutheast 
- westnorthwest. Its maximum height is 8m above low water datum. Sandy beaches surround 
the cay although on both the northern and southern sides there are substantial outcrops of 
beachrock. The processes whereby cays such as Heron Island are formed have been reviewed 
elsewhere (Gourlay 1988). 

The island is one of the most visited reef islands, being one of the three coral cays in the Great 
Barrier Reef Marine Park with tourist resorts. It also is the location for a marine research 
station and a substantial part of the island is a national park. Activities associated with these 
uses generate a considerable number of passenger journeys between the island and the mainland 
by either boat or helicopter as well as many boat journeys locally. The need to provide 
upgraded facilities to handle the boat traffic necessitated the expansion of the capacity and 
facilities associated with the boat harbour. 

During September to November 1987 the boat harbour at Heron Island was enlarged and 
dredged. Material was removed by excavator and by suction dredge. The majority of the spoil 
from this work was dumped on the beach south of the helipad.. The existing beach material was 
pushed aside to allow dredged material to be pumped into a ponding area. 

Concern his been expressed over the quantity of fine material which emanated from this 
exercise, both during the initial dredging and subsequently from the dumped material on the 
beach. There are three aspects to the concern about the presence of fine material on the reef: 

(i) the presence of fine material in the sea water may affect the light available to marine 
organisms; 

(ii) the fine material may scale onto the organisms and adversely affect their life processes; 

(iii) the fine material may form an anoxic layer on the reef detrimental to the infauna. 

Following a request from the Executive Officer of the Great Barrier Reef Marine Park 
Authority the authors made a preliminary inspection of the dredge spoil dump in May 1988 and 
submitted a report on its condition together with a proposal for short term monitoring of it for a 
period of twelve months (Gourlay and Jell 1988). The monitoring programme included the 
following activities: 

(i) Assessment of the nature and quantity of material within the spoil dump. 
(ii) Monitoring of the stability of the spoil dump. 
(iii) Monitoring of conditions affecting the spoil dump. 
(iv) Determination of nature and concentration of material forming silt plumes. 
(v) Extent and rate of lithification of the spoil dump material. 
(vi) Monitoring of reef flat sediments. 
(vii) Monitoring of beach rock. 



After some administrative delays the contract for the short term monitoring programme was 
finalised in November 1988 and work began in December 1988. Subsequently arrangements 
were made .to extend short term monitoring activities initially to June 1990 and later to 30 April 
1991. 

This report first reviews the events associated with the construction of the boat harbour. It then 
outlines the investigations made for the monitoring programme. The results of the analyses of 
the data collected during these investigations are discussed in detail. Finally the overall 
situation is assessed, conclusions stated and recommendations for further action and long term 
monitoring are made. 

Because of the extensive and repetitive nature of much of the experimental data, only the more 
significant parts of it are presented in this report, 

A summary of the monitoring programme and its results up to 30 April 1990 has been 
presented separately (Gourlay 1991b). The nature of the coastal observations made during the 
monitoring programme, together with some typical results, are reviewed in Gourlay (1991a). 

The scope of this investigation was limited to geomorphological and sedimentological aspects 
of the spoil dump and its environmental impact. The impact of the spoil dump upon the 
biology of the reef adjoining the boat harbour and the island has been investigated separately. 
Fisk (1990, 1991) has reported on the implementation of a monitoring programme for reef flat 
benthos. Catterall et al. (1990) have investigated the impact of dredging upon one bend-tic 
species, the volute Cymbiolacca pufchra, and its environment, using data from annual surveys 
made predredging (1984 to 1986), during dredging (1987) and postdredging (1988 and 1989). 
A study by Heron Island Research Station (HIRS) over a three year period subsequent to 
dredging has monitored coral and other bcnthic communities on the beach rock, the nutrient 
regime of water surrounding the cay under various conditions, and the average rates of sediment 
deposition at various stations on the reef flat around the island at two monthly intervals. 
Results of the HIRS study are not yet available (November 1991). 



2. HERON ISLAND BOAT HARBOUR AND ITS GEOMORPHIC SETTING 

2.1 Works Constructed Prior to 1987 

The situation and problems associated with Heron Island dredge spoil dump are the latest phase 
of a series of impacts and interactions between the natural processes which formed and which 
are continually reshaping coral cays and various engineering works and other human activities 
at Heron Island (Figure 2) during the last 50 or more years (Gourlay and Flood 198 1; Gourlay 
1983b). The impacts of cyclones and climatic variations on a secular time scale of 10 to 30 
years have resulted in movements of the shoreline of the western end of the island from a 
northwesterly position in 1936 to a southwesterly one in October 1966 prior to the initial 
construction of the boat harbour (Flood 1974, 1981, 1986). This movement was associated 
with the loss of sand from the island and reef platform as ebb tide currents drained seaward 
through a gap in the reef rim, blasted in 1945, at the location of the entrance to the present boat 
harbour. It also required the construction during the 1950s and 1960s of a seawall to protect 
resort buildings on the northwestern side of the island. 

Dredging of the original boat harbour during late 1966 and early 1967 was interrupted by 
cyclone “Dinah” which partly infilled it and the project was not completed until October 1967. 
Material dredged from the boat harbour was used to reinstate the sand spit on the western end 
of the island. Subsequently, the helipad was built on this reclaimed area in 1968. While there 
are no records available, this whole operation must have created considerable environmental 
disturbance and the reclaimed sand spit would have been in many ways similar to the spoil 
dump created from the more recent operations, However, it is unlikely that any attempt was 
made then to confine the silt gcneratcd by the dredging operation and the disturbance created by 
cyclone “Dinah” may well have removed most of it from the beach and indeed from the reef 
platform itself. 

Subsequently, the low rubble walls surrounding the boat harbour were damaged by cyclones in 
1971 and 1972, culminating in the partial infilling of the boat harbour by cyclone “Emily” in 
early April 1972. Maintenance dredging was carried out in October 1972 and the material 
removed from the harbour placed in front of the rock seawall on the northwestern side of the 
island. The harbour was again partially inlilled with sediment by cyclone “David” in January 
1976 and more sediment was deposited in it by cyclone “Simon” in February 1980. During this 
period, tidal currents spilling through gaps in the walls surrounding the harbour were also 
depositing sand in it. Maintenance dredging was again undertaken between November 1980 
and February 198 1, the dredged material being placed behind the timber seawall originally 
constructed in 1970 to protect the helipad. In 1982-83, two hundred 2 tonne concrete blocks 
were placed in two rows, one to the north and the other to the south of the harbour in an attempt 
to block the outflow of tidal currents through the boat harbour. 

There are no recorded observations of environmental disturbance caused by the release of fine 
silt from the maintenance dredging operations or from the dredged material placed upon the 
cay’s shoreline during these earlier works. 

2.2 Boat Harbour Enlargement Works 1987 

The project for maintenance dredging and enlargement of the boat harbour commenced around 
14 September 1987 and was finished by the second week in November 1987. Most of the 
dredging was completed by the middle of October 1987. A further minor enlargement of the 
harbour was undertaken between 19 and’21 February 1988. The main project included the 
construction of a timber.jetty and some maintenance of existing bund walls surrounding the 
harbour (Figure 3). 
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The enlargement of the harbour was undertaken at low tide by an excavator which broke up 
coral rubble and other large material and deposited it in a vehicle for removal to the spoil dump 
area or various locations along the bund walls. A cutter suction dredge operated within the boat 
harbour and access channel to remove material deposited in them. Dredged material was 
pumped ashore and deposited in the spoil dump area south from the helipad in front of the 
research station (Photos 1 and 2). 

The original intention was to stockpile sand from the beach south of the helipad and to build a 
settling pond there for the dredge effluent discharge. However, the beach was found to be 
composed mainly of rubble with a relatively thin cover of sand. 

The exact details of the construction and operation of the settling pond were not recorded at the 
time but it appears that rubble materials from the beach and from the harbour excavation were 
used to form a bund wall which was initially open at its northern end (Photo 3). Observers on 
the island reported that the dredge effluent including most of the fine sediment flowed back 
directly into the boat harbour for at least a week. 

The open end of the pond was then closed and pipes inserted at the bottom of the bund to 
discharge the effluent from the pond back into the harbour. This arrangement was not much 
better than the open pond. 

Following an inspection by the supervising engineer, the ovefflow pipes were repositioned on, 
8/9 October at the top of the bund so that a proper settling pond was formed (Photo 4). 

The mode of operation of the original settling pond was such that little fine material was likely 
to have been deposited in it. Indeed information has been given that, during the operation of 
the pond, a 200mm thick layer of fiie silt/clay, like a cement slurry in appearance, was 
deposited at the outlet of the settling pond in the present boat ramp area between the helipad 
and the jetty. This layer was of the order of 1OOmm thick in December 1987. Most of this 
material had disappeared by May 1988 although some fine material apparently remained on the 
reef flat between the northern harbour bund wall and the northern line of concrete blocks. The 
effectiveness of the final settling pond arrangement is unknown but presumably a greater 
proportion of the fine sediment from the dredge effluent was retained in the spoil dump. 

After completion of the dredging, the rubble bank was pushed down and the available sand 
spread over it to form a beach on its present location. The permit for the project allowed the 
beach toe to be moved 30m seaward from its pre-existing location. The beach was to be 
restored to its original condition with an upper surface of soft unconsolidated beach sand. This 
did not occur. As noted by Kinsey in early 1988 “In reality the surface is now hard compacted 
shingle with some sand. It is particularly unyielding and can not in realistic circumstances be 
walked on by tourists in bare feet”. (Kinsey 1988). 

2.3 Geomorphic Setting of Heron Island 

Before describing the investigations for the spoil dump monitoring programme, it will be 
helpful to describe the geomorphic setting of Heron Island, in particular the nature of the reef 
flat which surrounds it. 

Heron Reef is a typical lagoonal platform reef and geomorphically can be subdivided into the 
‘reef slope’ below the line of intersection of the recfal mass and the water surface at low tide, 
and the ‘reef top’ above and inside this line (Jell aqd Flood 1978). Heron Island is a sand cay 
developed on the leeward end of Lhcmef top. The reef top includes the outer “Reef Rim” which 
is the highest part of the intertidal portion of the reef being a few centimetres above the upper 
level of coral growth. It is almost continuous around the reef except for a few places on the 
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