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1 INTRODUCTION

GBG Australia Pty Ltd (GBG) carried out a geophysical investigation using Ground Penetrating Radar
(GPR) ofwo primary andthree secondarysections at the Anglican Church site at 17 Hawke Street,
Huskisson, NSW, 2540hework was undertaken on the ¥2o 13" of September 209.

Previous GPR works the site have beenonducted byPeter Ellsmore & Associates Pty. Ltd. (PEA)
and by GBG Australia, with both surveys aiming to determineptlesence and location of any
anomalies consistent with grave shafts and burials. While previous investigations have had a
common aim, infrastructure and debris laconstrained the surveyable area over the sildhe
objective of thecurrent work this report presents, was to survey the areas undéwo recently
removed buildings, and infill aredisat were previoudy beyond the scopef investigation Theaim

of the survey was to assess the subsurface for anomalies that are consistent with grave shafts and
burials.

The work was commagoned by Steve Bartlett of Bartlett & Associates Pty Limited. The geophysical
data collection, processing and analysis were undertaken by staff from GBG.

The conclusions drawn represettte best professional opinions of the authdwased orhistraining
and extensive experience in analysis of similar geophysical data.

2 GEOPHYSICAL INVESTIGATION SITE

Huskisson is located approximately 140 km south of the Sydney CBD. The church grounds are
approximately 10,000 fand are bounded by Bowe, Hawke, and Cuambene Streets. Thiistory

of the areas investigateds summarised inFigure 1l below and in drawing GBGA230d1. Areas
bounded in red were surveyed previously (report referen@&33180@&nd PEA repojt Lines irgrey

were surveyedby GBG inApril 2019.Green lines represent the survey locations of the data
presented in this report.

GBG Australia Pty Ltd Page3 of 10
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Figurel: CAD drawing of the Church grounds. Areas surveyed by PEA previously shown in r@the @BS& survey from
April 2019 is marked in grey lines, and the surveyed grnessented in this report shown in green.

3 DATA ACQUISITION

3.1 GPR THEORY AND RATIONALE

Data collection was performed using Ground Penetrating Radar (GPR). GPR islestnactive
technique that provides reflection profiles of the subsurface. The technique works by pulsing
electromagnetic energy, in the form of radio waves, into the subsigfavith a transmitting
antenna. This energy propagates through the subsurface material as functions of its electrical
properties, which in turn, are a function of its physical and chemical properties. Reflection of energy
occurs at boundaries between medighich have contrasting electrical properties such as between
disturbed ground and consolidated ground. These reflections are detected by the receiving antenna
and converted into electrical signals.

A radargram profile is built up of scans collected alarsglected line path. A sample radargram has
been selected from the data and is shownFigure2 below. Each profile consists of an enhanced
radargramthat provides subsurface information based on the variations indiedectric constants

(the electrical conductivity and resistivity) of materials. The recorded reflections can be analysed in
GSNX¥a 2F akKlF LISz NI @St GAYST aAraayrt FYLX AGdzRS
depth and orientation in relation to the materiatound it.
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GPR antennae of higher frequency provide higher resolution data but penetrate to shallower depths,
whilst lower frequency antennae provide deeper penetration with decreased resolution. The depth

of penetration achievable with an antenna of arf@ular frequency is also dependant on the local

subsurface conditions. The GPR method is generally less successful in soils with high clay content
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medium for radar waves to propagate through, with good data often collected under such

conditions.
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Figure2: Sample radargram showirggsuspected gravéfom a previous survey

GBG Australia has been using GPR for grave detectiondot5 yeas. The GPR method is the
optimal method for grave detection over other methods foany reasons including but not limited
to the following:

1 The data collection speed allows for a relatively high density line spacing (<=0.5m) required
for detection of graes given their expected dimensions.
1 There are many frequencies of Antennae which can be utilised to target specific depths,

overcome ground conditions and provide a high resolution data relative to other methods.

f The method provides 2D depth slices allogvT 2 NJ Ay G SNILINB Gl GA2Y
anomaly and subsequenttietectionof disturbed ground synonymous with gravas shown

in Figure 2. Furthermore, mterpreting targets between the 2D depth slices allows for
determination of shapes and directioh@ends.

3.2 DATA COLLECTION METHODOLOGY
The data for this investigation was acquired usinQabraGPR datacquisitionsystem with aDual
Frequencyantenna Chainages along the profile liaee logged by a odometer, which tracks the
chainage an&nsures scans per trace are evenly distributed along a profdea was acquiredsing
500MHz and an®00MHz simultaneously, providing both high resolution at the near surface and
significantdepth to approximately3.5m below ground levelThe survey egpiment is shown in

Figure3 below.
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Figure3: A section of the survey area with scan in progress. Tapes were used to ensure correct line separations and
directions were achieved.

Figure4: An example of obstacles impedidata acquisition during a transect recording.

The GPR data was collected asedes of parallel longitudinal profiles in an approximate netlith
direction perpendicular to the expected easest orientation of the graves. Some sections along the
profile lines were not scanned due to the presence of obstacles such astrdésnces. There were
also areas of disturbed ground that interfered with the results such asd#me pit as illustrated in
Figure4 above The extent of the survey area, and profile locations are shown in drawing file

GBG Australia Pty Ltd Page6 of 10
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GBGA204-01.dwg, which is an amended version of drawing W/ KdzZNOK &aAdS ¢
OdNIIAf ARISOREIQ ONBFGSR 08 {9¢ /2yadfalyda FyR

GPR profile lines were collected by pushing @@bra GPR DubBtequencyunit over the ground
surface at a constantate. The GPR system was set to rélcartwoway-travel time of50ns and
25ns for the 500 and 900/Hz frequencies respectively. These timeguate to approximate
respectivedepths of 1.5m and3.5m. Data was recorded witB2-bit amplitude resolution, at 512
samplegper scan and at a scaate of 1@ scans/m.

The GPR profiles were collected at close line spacing typicallg at itervals Closely spaced GPR
profile lines provided a higher degree of subsurface target resolution and to ensure a number of
profile lines would cross cut angarticular grave. This enables the ruling out of point source
anomalies such as rocks as potential targets of interest.

Field notes including the line position and the start and end chainages of the GPR profile lines were
taken. Onsite quality control ofthe data was achieved in reine by viewing profiles during
acquisition. The profiles were recorded digitally for processing, analysis and interpretation at our
Sydney office.

4 GEOPHYSICAL DATA QUALITY AND PROCESSING

The collected data was of moderate quality wibod depth of penetration(approximately3.5m
depth)andreasonablesignal to noise ratio. This was principally due to the local subsurface having a
low clayand high sandontent which has fow attenuation of radar wave energy

The collected GPR data was processed and analysed using Reflex for WindowsS\@dsiesioped
by Sandmeier Software. The data processing steps were performed as follows:

1 Adjust the line locations to ensure accurate chainages.
9 Staic correction to the first crossing; set surface reflection interface to zero depth.

9 Fusion of the two frequency data sets to allow for the optimal depth and resolution in the one
file.

1 Butterworth Bandpass filter to remove high frequency noise.

1 Backgroundemoval filter; to eliminate temporally consistent flat noise bands from the whole
record, making signals previouslgscuredoy this noise visible.

1 Adjust the colour palette for signal amplitudes, to improve the contrast of phase changes and
signal variabn.

The typical response from a GPR profile running perpendicular over agitfiva coffin lurial is a
hyperbolic signal of increased amplitude, the peak of which gives the depth to the top of the grave
and an indication of the size and width of the grave. With the GPhadet is quite often that
features associated with graves are imaged, rather than the graves themselves. This may include

GBG Australia Pty Ltd Page7 of 10
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depressions in the soil layers above the grave, vertical discontinuities in the soil profile caused by the
grave trench and a mottle@GPR signal above the grave due to the unconsolidated nature of the fill
material.

GPR signals reflected from within a subsurface structure contain a large amount of visual
information much relating to the minor variations in the electrical propertiesth@d@ materials
profiled. Consideration was given to the nature and possible cause of the signals recorded by the
GPR. The target responses whingtd any resemblance tihat expected from graves were identified

in the profiles and compared across the completata set with anomalies that match up across
adjacent profiles being joined.

5 RESULTS AND INTERPRETATION

The results of the geophysical investigation carnedhe grounds of the Huskisson
Anglican Churghhave been provided in the following drawings attached in Appendix A of
this report:

GBGAR304-01 ¢ Site Overview

GBGA304-02 ¢ Metal Shed® Small Area Beside Tree
GBGA2304-03 ¢ Hall

GBGA2304-04 ¢ Adjacent Hawke Street
GBGA230405 ¢ Rectory Front Yard

GBGA2304-06 ¢ Vacant Area

= =4 4 4 8 2

5.1 Metal Shed

The areapreviously covered by thenetal shed(used as the church adnistration building was
overlain with a reinforced concrete slab until this survey. The survey over the area after its removal
showed one smalinomalynear the western edge of the area. This anon{agen inFigure5) shows

a shallow dip in the near surface (0§ across two lines. The dip has a high amplitude, and that
zone of higher amplitude extends to the depth of thecoed. The signal might be ringing off a
shallow conductor sitting just under the surface (perhaps some metal buried under the newly
disturbed soil) but there is the possibility that the dipping is because of an anomaly buried deeper
(0.6m). It is recommeded that this anomaly be investigated further to determine its cause. Because
of the length not exceeding rh this anomaly has not been marked as a suspected grave.
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Figure5:Anomaly at site of metal shed.
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