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Abstract

Ever had one of those dream jobs land on your desk? you know the ones- where Council has decided to embark on an ambitious development project adjoining a residential area which incidentally the local residents are opposed to, with all sorts of environmental constraints and involves consultation with an array of government agencies (NPWS, Fisheries, DLWC, DPWS, RTA, DET)? Welcome to the relocation of Bateman's Bay Public School. 

Whilst in theory it was a relatively straightforward matter – moving the Public School (which is bounded by the two busiest roads in the shire) out of the CBD and to the north where the residential growth areas are located. In practice it was going to take a lot of consultation and site investigation beyond our existing boundaries - Ground Penetrating radar.
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Batemans Bay CBD.

Princes Hwy in the distance across the picture and existing location of Batemans Bay Public School.
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Introduction

Batemans Bay Public School is located in the Batemans Bay CBD bounded by two arterial roads and two local roads. As the CBD has expanded the residential growth areas have been to the north around the Surfside and Longbeach areas and south of Batemans Bay around the Batehaven and Sunshine Bay areas, with a Public School recently built at Sunshine Bay to accommodate the expanding residential area. Population demographics obtained from the Department of Education and Training (DET) indicate that the residential areas north of Batemans Bay will continue to grow in population and form the majority of the school population at Batemans Bay Public School.

Considering the population demographics and the availability of land within the Batemans Bay CBD (and the suitability of the current school site with regard to traffic and road safety) Council submitted a tender to the DET to relocate the Public School from the CBD, north to Surfside. After due process Council's submission to relocate the Public School was announced as the successful tender.

In return for the construction of the new school (at no cost to the DET) Council obtains ownership of the existing school site in the CBD, which will be sold and subsequently redeveloped to enable further retail/commercial expansion in Batemans Bay CBD.

Environmental Assessment

As the traffic & environmental engineer, I was responsible for assessing the traffic and environmental impacts of relocating the school to Surfside.  Having completed flora, fauna and Archaeological assessments of the green field site (a common practice with most infrastructure works in a coastal Council) and soil testing to eliminate Acid Sulfate Soils, I was well on my way to completing a Review of Environmental Factors for the proposed development.

When designing the school layout, a key consideration was access to the site (as we are all too aware most schools tend to be located on busy arterial roads). Access to this site could be gained directly from an arterial road or via a cul-de-sac from a collector road. In addition to road safety another consideration was the existing arterial road network efficiency and capacity. 

The Princes Highway is the arterial road of the far south coast, with no rail transport and limited air travel available, road transport is our livelihood and as such Council is committed to maintaining a safe and efficient road network.  

As expected the Archaeological Assessment uncovered some aboriginal sites and an onsite meeting was arranged between Council the Local Aboriginal Land Council and the National Parks and Wildlife Service (NPWS) to discuss the site constraints and permits required to allow the proposed development to proceed. Similar to other such meetings that had taken place with NSW Fisheries, Department of Land & Water Conservation (DLWC) and DET.

One known site was a burial site that had been partially exhumed by the Department of Public Works and Services (DPWS) during the North Bateman's Bay Sewage Scheme (winning sand for back filling the sewage lines) some ten years earlier. When the burial site had been discovered NPWS conducted further excavations in an attempt to recover 
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New school site  - greenfield site behind the residential areas of Surfside and North Batemans Bay.

the entire skeletal remains, unfortunately this was unsuccessful and the initial skeletal remains that were uncovered were reinterred along another creek within the site. 

The problem for Council (some ten years later) was that whilst there was a burial site recorded on the site its exact location had not been accurately recorded. A rough sketch on a NPWS site card (with no scale or reference to a permanent fixture/feature) was all we had to locate the site. Whilst we had done our best to interpret the location of the site (including consulting a series of aerial photographs) I expected a series of test pits would confirm the location. 

NPWS Cultural Heritage Unit, however had different ideas. Whilst they could not define the location of the site they went further to advise Council that there would be no test pits in such a sensitive site (that had potential for further burial sites). Until Council could define the exact extent of the burial site and confirm there where no further burial sites there would be no development on the site.

Now this was becoming challenging! How are we to locate a sub surface feature without disturbing the ground surface? After much discussion it was time to bring in the heavy artillery! Ground Penetrating Radar.

Ground Penetrating Radar (GPR)

Based on information from Williams (2000) Ground Penetrating Radar (GPR) in simplest terms detects abnormalities in the subsurface geology to a depth of 1-1.5m depending on soil type and level of the water table. Radar signals returned from a subsurface material contain a wide variety of information. Not all of this information is of engineering value and much relates to the electrical properties of the material of which it is made. The purpose of the GPR analysis is to identify the information contained in the signals that relate directly to the engineering properties of a material. 

The fundamental information from which measurements relating to subsurface materials can be made are:

· The travel time of the signal, which combined with the calibration of velocity defines the depth of the target found,

· The amplitude and phase of the signal which defines the contrast between the different materials 

· The continuity of the signal, which shows the shape of the objects found.

Calibration is made from control data collected from GPR of known materials in an array of subsurface geology types (sand, sandy soil, estuarine, river deposits etc).

 The GPR survey is conducted over a standard 1m grid of the study area and the results of the analysis are then presented in an AutoCAD drawing of the site (which if referenced to an existing survey point/station can be a layer within the Autocad designs of the site).

After extensive consultation between Council and the Local Aboriginal Land Council a survey of the proposed road layout was undertaken using ground penetrating radar. 

The results of the ground penetrating radar confirmed the location of the known aboriginal burial site with reference to the proposed roads and also highlighted further potential subsurface middens and burials. 

Whilst the NPWS accepted the results of the survey, confirmation of some 'less significant' potential sites by test pitting was not approved by NPWS and therefore the results 

[image: image3.jpg]of !
g
2 = ==
B - ey . S )
- j.‘—\‘/ =

27/6/2000 9:18am




GPR Survey of the sensitive area where the burial site is suspected of being located.

of the GPR at the site stood alone (with out any validation).

The results of the ground penetrating radar survey were discussed at length with the Local Aboriginal Land Council to determine how the proposed works could be minimised to avoid the potential subsurface sites identified by GPR. 

The potential aboriginal sites were estimated (by GPR) to be some 400-800mm below the existing ground surface due to the geology of the soil type (sand) Council opted to minimise all excavation associated with the road construction by removing the thin vegetative layer and building the road on the existing sand base. 

Through construction techniques and amendments to the access road and intersection layout Council successfully minimised the cultural impact of this development. Due to the amount of potential sites and the confined area available to construct the road (between sites identified by GPR, existing budgetary and environmental constraints - creeks) unavoidably one of the potential aboriginal sites would be impacted by the road construction. 

After extensive consultation within the aboriginal community, the Local Aboriginal Land Council chose to place the road over the disturbed burial site (that had been partially exhumed during the Sewage Scheme some decade ago) in lieu of protecting all the 'potential' undisturbed middens and burial sites identified by the GPR survey.

Council and the Local Aboriginal Lands Council then approached the NPWS for a permit to build a road over a site. As the NPWS permit system operates there is only one type of permit available to undertake work over a site and that is the permit to destroy. All involved expressed concern at the type of permit as some believed that simply placing a concrete road over a site some 600mm below the ground surface (which was already compacted sand) did not destroy the site. 

As is the case for most legislation the National Parks and Wildlife Act 1974 is open to interpretation as to the definition of destruction. However for the sake of government diplomacy and to ensure the road would be built (in my lifetime!) Council applied for a consent to destroy the site.

 Some ten months later Council received a permit to construct the road after the NPWS had undertaken independent consultation with the Local Aboriginal Land Council and Elders groups of the area.

Council is now in the process of developing the site with the employment of two site officers from the Local Aboriginal Land Council to monitor works around the site to ensure the aboriginal heritage of the area is preserved during the development of the school site. 

Cultural Heritage Centre

Council purchased the Surfside site where the school is to be relocated with an existing DA approval for a 70 lot residential subdivision. During consultation with Council, the Local Aboriginal Land Council acknowledged that the site would be developed in some form due to the development pressures of such a large section of land close to the CBD, existing residential areas and Batemans Bay foreshore. The School relocation was the preferred development of the site from a cultural perspective, as the school development would retain more greenspace and had the potential to minimise the extent of development when compared to the subdivision of the site. 

During consultation with Council the Local Aboriginal Land Council expressed concern at the loss of the cultural significance of the site and a desire to have the cultural heritage of the site retained once developed. As a result Council and the Local Aboriginal Lands Council approached the DET to obtain concurrence for a cultural heritage centre within the school library to highlight the cultural significance of the site to the aboriginal people of the area.

Many of the high quality artefacts uncovered around the Bateman's Bay area and within the school site are being compiled for the cultural heritage display outlining how the aboriginal people of the Bateman's Bay area utilised the natural resources of the school site.

Conclusion

The relocation of the Public School to Surfside will result in improved resources and environmental amenity for the students of the school and enable further development and expansion within Batemans Bay CBD. 

Utilising Ground Penetrating Radar in the environmental assessment of the development enabled Council to identify sub surface archaeological sites without impacting the integrity of the sites (as is the case with conventional test pitting) and amend road designs accordingly to reduce the potential impact of the development on the cultural heritage of the site.

The cost of Ground Penetrating radar is comparative to conventional testing pitting of potential sub surface sites by archaeologists when assessing large areas. The clear advantages of the Ground Penetrating Radar was the total coverage of the site (in comparison to random test pits) and the ability to import the results in an Autocad format to assess in relation to design plans. 

In conclusion, ground penetrating radar was a non-evasive method of identifying subsurface sites given the constraints imposed on Council to identify the exact location of a site and any potential sites that may occur at this development site.

References 

Williams, S (2000) 'Proposed development site, Wharf Rd sports oval North Batemans Bay NSW. Archaeological Investigations using Ground Penetrating Radar Final Report CG1201.' Egis Consulting Australia Pty Ltd. 17pgs.

Appendix A

The Non Technical Basics Of Impulse Radar (Williams, 2000)
Principles
Impulse radar is a non-destructive technique for examining the interior of solid materials (eg. the ground, walls, roads) using radio waves.  The principles are much the same as for the better-known radar used in the earth’s atmosphere to locate and track aircraft or rain clouds.  With both techniques pulses of radio waves sent from an antenna move through a medium reflecting or bouncing off any sudden changes in its composition, such as objects embedded in it.  The reflected radio wave is detected, typically by the same transmitting antenna, thus revealing the existence of the embedded object.  Analysis of the reflected wave can yield information on both the location of the embedded object and certain of its properties like size, shape and composition.

Capabilities

Just as navigational radar can find aircraft or rain clouds in the earth’s atmosphere, so impulse radar can find objects embedded in or behind solid materials: steel reinforcing bars inside concrete, metal fixings behind a brick wall, and so on.

But whereas radar typically operates in only one medium (air) albeit of varying density (lower and upper atmosphere, outer space), impulse radar can operate in various media (earth, brick, stone, concrete, bitumen…).  This includes operating in air, water or other fluids when these fluids are inside solid media: for example, the air pockets in gravel or moisture between the plaster and bricklayers of a wall.  Indeed, one use of impulse radar is to detect the presence of air or water, often where they should not be; unwanted voids in supposedly solid concrete or water films trapped between the asphaltic lifts of highway construction.

Advantages

Impulse radar is an extremely flexible analysis technique with many advantages:

· It is non-destructive; it can discover what’s inside a wall without tearing it down, or the construction of a road or bridge without drilling core samples.

· It is quick; a road can be surveyed by towing an instrument at, say 50 kilometres per hour, giving data for many kilometres of that road in less time than it takes to take one core sample.

· It is versatile; it can be used for walls, roads, bridges, and earth…. any time of the day, in virtually any weather, with portable equipment and as few as one or two operators.

· It is powerful; data collected can often give preliminary results on the spot, on-site and can yield more detailed results after computer analysis in an off-site laboratory.

· It is inexpensive; because of the advantages listed here, impulse radar can often provide far more information per dollar than other techniques.

Appendix B

The Theory And Operation Of Impulse Radar (Williams, 2000)
Method

Surveying with impulse radar is achieved by drawing a transducer over the surface to be investigated at a slow speed: pulses of energy are transmitted into the material, which are reflected from internal surfaces or structural changes.  The returning signals from each vertical scan build, as the transducer is moved, into a continuous profile of the interior of the material.

Frequency
Each transducer is set to a specific centre frequency: higher frequency devices can resolve smaller targets but lower frequency devices achieve better penetration.  By using data streams from several different frequency transducers a composite profile of the sub-surface can be drawn and the information from the differing responses can be correlated.

A plane of energy is in fact transmitted rather than a ray or beam: this plane is normally set parallel to the direction of the survey, such that all information streams refer to material directly beneath the survey line.

Radio waves passing through a homogeneous isotropic medium will travel at a velocity determined by the relative permittivity of the medium and its conductivity at the propagating frequency.  At the interface between that medium and another of differing permittivity or conductivity a proportion of the energy will be reflected back and the remainder will continue at a new velocity.  The strength of the reflection is determined by the electrical contrast between the two media.  The recording system measures the travel time to and from such an interface, and the amplitude, phase and frequency of the returning signal.

Discrete targets within a medium may cause energy to be reflected and scattered: some discontinuities of high contrast and confined dimension may resonate at radio frequency (this applies particularly to voids and conductive targets).  The dimension of the target and its material largely determines the setting up of any resonance and its associated frequency.  The presence of an ionising contaminant within the materials can also give rise to resonant eddy current signals, which can normally be separately identified by virtue of their amplitude and phase.

Penetration Limits
Signal attenuation is per unit wavelength, however and sets depth of penetration limits on this for any given frequency in any material, which will obviously be shallower for higher frequencies.  Equally, target resolution decreases within increasing wavelength, thus the selected frequency is a balance between penetration and resolution.

Since signal attenuation is largely a function of the conductivity of the materials under investigation, the lower frequency transducers are operated for deeper penetration through soils and fill which are generally more conductive than structural materials.  The higher frequency components of the spectrum are rapidly attenuated with increasing depth in unbound material, but the resolution of the longer wavelengths of the lower frequency components tend to integrate out the finer detail of any feature.  Overlapping information, however, is available from all frequencies.

Taking the elements of total velocity through each material, together with the overall pattern of reflectivity and the presence of resonating targets, a good assessment of material conditions can be achieved.
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