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1. Introduction

Geoterra were appointed by Wooburn & Bourne End Parish Council to carry out a 3D
Subsurface Laser Scan and HD Video Survey of a deep ground collapse discovered in Sappers
Field, Wooburn, Buckinghamshire on 29th February, which revealed a history of mining,
hidden beneath the ground for over 150 years. The sinkhole collapse exposed a deep bell pit,
previously used to excavate clay for the manufacturing of bricks on the site previously, which
had been backfilled with waste and Army Sapper’s then covered the site with soil to create the
recreation field.
Sinkholes like this one have occurred multiple times over the past few years, within the
Buckinghamshire area, representing a significant ground hazard across the region. Within the
Home Counties, ‘brickworks’ or clay pits are often associated with the mining of chalk, which
was turned to Lime and used in the brick or tile-making process.
Sappers Field has an extensive and long-lived history of extraction for brick clay, fire clay and
chalk, with the first recorded reference to activity in 1847. Tile-making and brick works
operations are recorded to have been active from the mid-19th Century through until at least
1925.
The deliverables from the subsurface and surface laser scan surveys could then be used to
assess the depth, size and extents of the sinkhole and bell pit location. A full geophysical survey
of the playing field carried out by Terradat could also be used to locate any further sinkholes
or old mining features such as shafts and additional bell pits that would inhibit any potential
remediation solution.
Sappers Field is owned by Buckinghamshire County Council and is currently leased to
Wooburn & Bourne End Parish Council who maintain the site for public use.
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2. Overview

The Brief

Geoterra was appointed by Wooburn & Bourne End Parish Council to carry out a 3D laser
subsurface scan and video survey of a recently discovered sinkhole within a playing field.
A 3D laser surface survey scan was also required of the locale around the sinkhole.
Formally the site was used for making bricks, with clay being excavated from a deep bell
pit for the manufacturing process. When the site was decommissioned the area was
backfilled with waste. Army Sapper’s were then brought in and covered the site with soil to
create a playing field. Seemingly the bell pit had been backfilled, until a sinkhole appeared
in February 2020.
Survey data was required to assess the depth, size and extents of the sinkhole and bell pit.
A full geophysical survey of the playing field area was also carried out by Terradat to locate
any further sinkholes or old mining features such as shafts and additional bell pits.

The Solution

Geoterra experienced geospatial engineers utilised a specialist GeoSLAM ZEB REVO laser
scanner, combined with a ZEB Cam and carried out surface laser scan. The same scanner
was then lowered down into the centre of the void with access provided by a long reach
boom arm from a portable MEWP. Using a bespoke shaft bracket, complete with high
powered lighting the scanner was lowered to a depth of 45m in order to fully survey the
sinkhole and bell pit. The survey was geo-referenced to OSGB OSTN15 National Grid.

The Deliverables

Geoterra provided Wooburn & Bourne End Parish Council and Buckinghamshire Country
Council with a combined geo-referenced 3D laser scan point cloud and HD Video of both
the surface & the void. The laser scans were provided in RCS/RCP & LAS formats for
viewing as a 3D model in Navisworks. A mesh model was created, and a volume of the
void was also calculated. The results from the laser scan survey and geophysical survey
could then be analysed by consultant engineers to determine the best possible remediation
solution.
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3. Laser Scan & HD Video Survey
Geoterra experienced geospatial engineers utilised a specialist GeoSLAM ZEB REVO laser
scanner, combined with a ZEB Cam to scan both the surface locale surrounding the sinkhole
and bell pit as well as the collapse itself too. Before either surface or subsurface scanning could
take place, survey control needed to be inserted around the sinkhole and GPS readings taken.
Tripods and survey control spheres are then placed over the control points which can be easily
located in the raw scan data. Installing accurate survey control allows the scans to be fully georeferenced and tied into their precise location during the processing stage.
Once the survey control was in place, the GeoSLAM ZEB REVO laser scanner was set up and
initialized ready to scan the surface locale surrounding the sinkhole collapse within Sappers
Field and a scan was carried out.
The GeoSLAM ZEB REVO was then combined with the ZEB CAM and mounted onto a
bespoke shaft bracket ready to be lowered down the sinkhole and bell pit. Access to the centre
of the void was provided by a long reach boom arm from a portable MEWP.
The laser scanner complete with high powered lighting was slowly lowered to a depth of 45m
enabling a full survey of the sinkhole and bell pit to be carried out.
An Unmanned Aerial Vehicle photo survey was also carried out using a DJI Phantom Pro 4 in
order to see the sinkhole and collapse from a bird’s eye view.
A specialist, detailed geophysical survey was also carried out, which is described within the
next section of this report and also in a supplementary report from our partners Terradat.
The survey was geo-referenced to OSGB OSTN15 National Grid and Newlyn GPS level
datum.
A volumetric calculation of the sinkhole and bell pit was made using Leica Cyclone 3DR
software. The laser scan survey was completely meshed and a volume of 1222m3 calculated.
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4. Geophysical Survey
Following the laser scan survey, in collaboration with our partners Terradat a series of
geophysical surveys were carried out across the site utilising a using a combination of ground
penetrating radar, electromagnetic and microgravity. These surveys would allow any further
mine shafts or sinkholes to potentially be located, if they existed. A further report on these
findings will be issued by Terradat separately.

Figure 1 Terradat surveyor utilising ground penetrating radar techniques to survey the site
surrounding the sinkhole. Data would be used to locate any further mine shafts or potential
sinkholes.

Figure 2 Terradat utilising microgravity techniques adjacent to the sinkhole at Sappers Field.
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5. Deliverables

Figure 3 Fully geo-referenced 3D laser scan point cloud model of the surface locale, sinkhole and bell pit at
Sappers Field.
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Figure 4 3D laser scan point cloud model, zoomed in on the surface locale and upper collapsed area.

Figure 5 3D laser scan point cloud, viewed from above looking down into the sinkhole and bell pit.

8

Figure 6 Screenshot of the 3D volume mesh model and accompanying void volume calculation done using Leica
Cyclone 3DR software.
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6. Conclusions
In conclusion the project was successful in terms of generating a fully geo-referenced 3D laser
scan point cloud model and HD CCTV videos of the sinkhole and bell pit below using ZEB
REVO and REVO CAM laser scan data.
The video in combination with the snapshots, scan data and additional geophysical survey as
well as accompanying report will allow Wooburn & Bourne End Parish Council and
Buckinghamshire Country Council to assess the depth, volume and extents of the sinkhole and
bell pit.
From the laser scan survey there does not appear to be any mine roadways or adits extending
from the bell pit.
The results from the laser scan survey and geophysical surveys can be analysed by consultant
engineers to determine the best possible remediation solution.
The geophysical report represents an opinionated interpretation of the non-intrusive
geophysical data as opposed to the intrusive laser scan data of the exposed sinkhole and bell
pit.
The geophysical report is intended for guidance with follow-up invasive investigation by
specialist drilling contractors who are experienced in drilling and probing for hidden subsurface
shafts and bell pits.
Geoterra have already make recommendations to Wooburn & Bourne end Parish Council on
who to contact for further advice from qualified consultant geotechnical engineers and we
strongly recommend that this is followed up.
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7. Appendices
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7.1 Site Photographs

Figure 7 Overhead UAV image showing location of the sinkhole within Sappers Field, Wooburn Green,
Buckinghamshire.

Figure 8 Shows the sinkhole locale and perimeter fence erected to reduce public risk if the collapse grew
before the survey could be carried out.
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Figure 9 Shows the sinkhole from ground level.

Figure 10 Looking down into the sinkhole, without using laser scanning techniques the clients
would not be able to get an accurate volume and 3D point cloud, which allows them to
understand the size and shape of the void feature.
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7.2 Survey Photographs

Figure 11 Shows the survey control spheres for the ZEB REVO laser scan, which allow the 3D
point cloud to be full geo-referenced in post-processing.

Figure 12 Shows the long range MEWP that was used to extend the Geoterra surveyor safely
over the collapse, in order to lower the ZEB REVO laser scanner down into the void.
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7.3 Sinkhole and Bell Pit HD Video Snapshots

Figure 13 First snapshot of the HD Video Survey.

Figure 14 Second snapshot with the HD camera being prepared to be lowered into the collapse.
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Figure 15 HD Video Survey snapshot showing the extent of the sinkhole and associated bell pit.

Figure 16 Looking down into the collapse towards the bell pit mouth from ground level.
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Figure 17 HD Video Survey snapshot from within the sinkhole with the mouth of the bell pit clearly visible.

Figure 18 HD Video Survey snapshot entering the bell pit shaft.
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Figure 19 HD Video Survey snapshot from within the bell pit structure.

Figure 20 HD Video Survey snapshot at the bottom of the bell pit, note the muck pile from the
surface collapse above.
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