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1 INTRODUCTION 

Investigations to determine the size and location of 
underground voids present a number of health and 
safety and remediation challenges for engineering 
consultants.  The characterisation of sites with the 
potential risk of void collapse needs to be properly 
managed in order to maintain the health and safety of 
both the site users and those carrying out the ground 
investigations. 

The purpose of this paper is to discuss two sites 
where the potential for void collapse was identified 
early in the preliminary geotechnical appraisals of 
these projects.  These sites were then investigated us-
ing GPR, to characterise them ahead of conventional 
intrusive investigative works.  This approach assisted 
us in optimising the scope and location of the intru-
sive investigations as well as assisting with our health 
and safety planning. 

2 CASE STUDY 1: MINE SHAFT SITE - 
THAMES 

2.1 Background and site inspection 

Case study 1 is a site in an urban area of Thames, 
North Island, New Zealand (Fig. 1) where a mine 

shaft has been exposed.  The shaft cover collapsed 
sometime in 2014, causing the shaft to become ex-
posed at ground level.  In order to protect the public 
in the immediate and short term the site was cor-
doned off using safety fencing to prohibit site access.  

Figure 1. Site location, Bella Street, Thames 
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ABSTRACT: In this paper we describe two case studies where a combination of geophysics and ‘convention-
al’ geotechnical techniques was used to characterise the sites for risk associated with voids in near surface 
soils that could potentially collapse.  One is a former mine site where collapse of mineshaft back fill has 
occurred. Before intrusive investigations were carried out desk studies highlighted the possibility of other 
shafts on the site and voids below demolition rubble.  In order to assess the potential risk from these an initial 
Ground Pene-trating Radar (GPR) survey was carried out and possible voids identified.  This enabled targeted 
ground inves-tigation and safe siting of plant and workers.  The second case is an electricity substation where 
‘tomos’, (shal-low and potentially large voids created by piping erosion in pumice rich sands) were suspected. 
To improve the likelihood of striking a tomo in a borehole, reduce the risk of provoking an unexpected 
collapse and of striking buried services, a GPR survey was first carried out.  In both cases further intrusive 
investigation is necessary to locate voids but this has potential for collapse, threatening the health and safety 
of site users and those carrying out investigation(s). By firstly characterising these sites through desk studies 
and GPR, we could carry out fu-ture works more safely and optimise our intrusive investigation. 
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Figure 2. Photograph of mine shaft 

At the time of inspection the exposed unlined 
shaft was approximately 4m to 5m long, 2m to 3m 
wide and broadly rectangular in shape (Fig. 2). 
There was a tension crack close to one edge of the 
shaft and groundwater was present in the shaft at ap-
proximately 3m to 4m depth below existing ground 
level (m begl).  There were two smaller (approx. 
1.5m to 2m diameter) circular depressions located to 
the south of the shaft.  The ground surface to north 
of the large shaft was hummocky and appeared to 
have been disturbed.   

Following the inspection, we then scoped and car-
ried out a desk study, followed by a GPR survey of 
the site in order to help characterise the site and to 
confirm if the circular depressions and hummocky 
ground on site might reflect possible voids.  

2.2 Desk Study 

From review of the published geological information 
for the site (Edbrooke, 2001 and Fraser, 1910) the 
site was indicated to be underlain by igneous rock 
comprising andesite and dacite intrusives, lava flows, 
volcaniclastites and volcanic epiclastites, with exten-
sive hydrothermal alteration.  The mine shaft on site 
was identified by the geological information as the 
‘Bird in Hand Shaft Site’ (Fig. 3 and 4). The cross 
section clearly labels the ‘Bird In Hand No 2 Shaft’.   

The shaft was completed in 1874, to about 70m 
depth, and work in the mine is thought to have 
ceased in 1914, and a cap placed over the shaft at 
that time (Barker, 2014).  A house was constructed 
on site sometime post-mining and prior to 1916. 
That house is thought to have burned down in the 
mid 1980’s, with demolition occurring in 1987.   

Figure 3. Geological map information extract (C Fraser 2010) 

Figure 4. Geological information extract, cross section (C Fra-

ser 2010) 

2.3 Ground Penetrating Radar Survey 

After the Desk Study, GPR was carried out at the 
site.  Health and safety measures included a require-
ment for all staff working on site to be appropriately 
tethered. 

The GPR survey identified diffraction anomalies 
at five locations on the site which may be cavities. 
The locations of these (labelled A to E) are shown on 
Figure 5.  Locations B to E are previously unidenti-
fied potential hazards. 
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Figure 5. GPR results and anomalies A to E (Image from 
Scantech report – source Google Earth) 

There was signal character, attenuation and linear 
reflections in the GPR data at about 4m depth 
(Fig. 6). 

Figure 6. GPR data 

We suspect that this may be the interface between 
soil / rock layers but it may also be the groundwater 
level.  Equally this interface may be that between dis-
turbed ground/fill and weathered andesite, or the in-
terface between weathered and less weathered ande-
site.  From our inspection of the shaft sides we could 
not determine which was the case 

With respect to the anomalies B to E, there may 
be a number of possible causes for these, including: 

1 Mining related features – localised contrast be-
tween rock/mining waste/fill/soils, buried equip-
ment in the fill around the main shaft, unrecorded 
air/exploratory drive shafts, mining subsidence or 
partial collapse of mining related voids. 

2 Ancillary surface features - Unrecorded struc-
tures around the mine shaft relating to the former 
mining activities, such as huts / sheds, railway sid-
ings. Foundations to the former residential dwell-
ing and associated underground services.  Possible 
water well for the residential property. 

Some gravitational survey was also performed at 
this site.  The gravitational survey indicated a 
local-ised disturbance in the gravitational field in the 
vicini-ty of the ‘Bird in Hand No 2 Shaft’, but did 
not indi-cate the presence of cavities in the 
anomalies B to E.  

This would / may suggest that GPR is a more ef-
fective method of identifying cavities than 
gravita-tional survey in these type of ground 
conditions. 
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2.4 Health and safety / investigation scoping 

Following the methodology set out in the CIRIA 
guidance (Healey et al. 2002) and in the absence of 
site specific data we estimated the extent of the po-
tential subsidence zone that could form from collapse 
of the ‘Bird In Hand No 2 Shaft’.  The calculated 
horizontal distance from the edge of the shaft to the 
edge of a potential crater was approximately 6m 
(Fig. 5).  There is also a risk of shaft side collapse 
within the rock portion which we suspect may be 
from below 4m depth.  However, on balance, and 
bearing in mind the shaft appears to be backfilled to 
approximately 8m begl we consider collapse of the 
rock portion to be lower risk compared to collapse 
within the upper more weathered soil part. 

The GPR survey assisted us greatly in scoping out 
a phased intrusive investigation of locations we may 
not otherwise have considered high risk and for set-
ting out the requirements for health and safety.  The 
scope of the next phase includes: 

1 Test pits using a long reach mechanical excavator 
to investigate the anomalies B to E.  The pits will 
be progressed after carefully inspecting and re-
moving the topsoil and upper 0.5m to 1m of soils 
across each of the zones with the excavator posi-
tioned a safe distance outside of the anomalies.   

2 If no obvious features are found we will reduce 
the excavator bucket size to approximately 
600mm and excavate a conventional test pit as 
deep as safely possible (~4m) in order to investi-
gate the deeper soil zones. 

3 All staff will be harnessed and tethered to a fixed 
point. 

4 A protocol in the health and safety plan will be 
used to guide staff on the actions to be taken in 
the unlikely event that a void collapse occurs and 
is required to be made safe. 

3 CASE STUDY 2: ELECTRICITY 
SUBSTATION SITE – EDGECUMBE, BAY OF 
PLENTY 

3.1 Background 

Case study 2 is an electricity substation site located 
in Edgecumbe, North Island, New Zealand (Fig. 7).   

Opus were engaged by the client to carry out a 
site inspection and provide recommendations to in-
vestigate holes (tomos) that had appeared within the 
substation grounds. 

The site is located on a low lying flood plain ap-
proximately 80m east of the Rangitaiki River. 

Figure 7. Site location 

3.2 Initial site walkover / on site testing 

A site walkover and-on site testing comprising two 
hand augers and Scala tests was carried out.  The 
aim of the walkover and initial testing was to assess 
the immediate risk to the substation components.   

Figure 8. Tomo 2 

We noted two key areas where tomos had formed 
on site and where surface expression of voids was 
evident.  The first area (Tomo 1) was a broadly cir-
cular hole in the gravel surface roughly 0.7m diame-
ter and 0.3m deep.  The ground around the hole ap-
peared to be within a slight depression of 
approximately 2.5m diameter.  There was silt build 
up around the location of the tomo that was thought 
at the time of the visit to be indicative of surface wa-
ter ponding around this area.  The second area refer-
enced Tomo 2 (Fig. 8) was roughly oval in shape and 
0.9m long by 0.5m wide.  The void extended laterally 
(below ground level) by up to approximately 1.5m. 
There were similar tomos located around supply 
poles within the open grass land west of the substa-
tion.  

876



Figure 9. Site characterisation and concept ground model for tomo formation 

From our discussions with the substation staff we 
determined that Tomo 1 appeared around March 
2013, whilst Tomo 2 appeared around June/July 
2013.   

Gravel is present from ground level to between 
0.25m and 0.35m across the substation site.  Loose 
grey brown fine to medium sand / soft sandy silt was 
identified in the area of the tomos to a depth of 
around 2.5m. The sands are rich in pumice, easily 
erodible and prone to piping. The sand / silt soils are 
underlain by a peaty (20% to 50% organics) dark 
brown soft silt to a depth of between 2.70m and 
3.1m depth below ground level.   

The peat component of the soil is amorphous to 
fibrous.  Below the peat is a medium dense light 
brown medium to coarse pumiceous sand.  The auger 
holes all refused within this material. 

3.3 Desk study and concept ground model 

From our review of the published geological map 
(Leonard et al. 2010), the site was indicated to be 
underlain by recent swamp deposits comprising dark 
brown to black peat, organic rich muds, silt and sand. 
The Edgecumbe Fault is located approximately 14km 
to the east of the site. 

The site lies on a flood plain next to the Rangitaiki 
River. The river is constrained by stop bank flood 
protection bunds and there is a history during flood 
events of piping erosion through the pumice sands 
causing flooding, sand boils and tomo formation on 
the downstream sides of the bunds. In 2000 substan-
tial improvement works comprising toe bunds and 
drainage measures were constructed adjacent to the 
banks to protect the surrounding land (Fig. 9). 

The desk study found historical evidence of tomos 
occurring outside the sub-station site during pre-
2000 flood events but there was no correlation be-
tween the tomos observed on site and any recent 
flood events. 

3.4 GPR survey 

A GPR survey was carried out to assess the possible 
presence of further sub-surface voids (tomos) on the 
site.  Carrying out a GPR survey in the substation 
environment was challenging; however despite inter-
ference patterns from the substation metal structures 
and electromagnetic noise fields a number of possible 
features were identified from the GPR data.  These 
included earthing cables, underground services, lay-
ering in sediments, paleo-channels, possible rock 
blocks and possible cavities. 

No significant large cavities (of size greater than 
2m) were interpreted from the GPR data.  However, 
a number of features or anomalies (Fig. 10) that 
could comprise voids or other features such as boul-
ders or paleo-channels were identified.  Paleo-
channels are old river or tributary channels that have 
since been buried or in-filled by sediment from the 
natural meandering of the river.   

The GPR survey also identified a lot of small fea-
tures that have the characteristics of cavities but 
could also be natural features within the sediment. 
Many of these features were indicated to be present 
within the upper 1m to 2m and be of possibly 200mm 
to 300mm in size. 

The GPR aided development of a more complex 
ground model for the site including buried ‘natural’ 
channels and possible flow paths in service trenches 
both of which may promote rapid and/or concentrat-
ed groundwater flows leading to piping of the pum-
ice sands and tomo formation.  
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Figure 10. GPR Data and further site characterisation

4 CONCLUSIONS 

At the time of preparing this paper further intrusive 
works for both the case studies discussed had not yet 
been carried out.   

However, the walkover/desk studies in conjunc-
tion with the GPR surveys have allowed us to scope 
and optimise the positions of the proposed intrusive 
works to improve the likelihood of striking voids at 
these sensitive sites and aided development of appro-
priate ground models.  This approach also allowed us 
to mitigate health and safety risks at these sites for 
both the site users and those carrying out intrusive 
investigations. 
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