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The marine environment is particularly dynamic and changes regularly. It is also the case that any
structure built or placed in the sea is prone to degradation over time and must, therefore, be inspected
to ensure that it remains functional, safe, and economically viable. Baseline surveying provides a
snapshot of the condition of a structure or seabed at any one time, whereas well-designed monitoring
programmes permit the accurate measurement of temporal change.
Tritonia Scientific Ltd. is a company that employs innovative science-based techniques and
technologies to survey and monitor in the marine environment with specific focus on harbours and
piers. In this document we provide information on the types of methodologies we use giving examples
from some of our recent projects.
We offer a personalised service whereby one, some or all of the methods outlined can be used
separately or combined to suit the client’s requirements. Our recent experience is based on
undertaking work that has accurately measured structural damage, monitored structural decay,
recorded temporal changes in seabed characteristics, mapped marine debris, and charted biological
invasions. Although our expertise is primarily underwater, we now provide inspections above the
waterline, along with pioneering new ways of integrating above- and below-water surveys into single
outputs.
If you would like to discuss how our methodologies could be applied in support of any marine
assessment or examination needs that you have, then please contact us:
Email: info@tritoniascientific.co.uk
Tel:

01631 559211

Post:

Tritonia Scientific Ltd.
Dunstaffnage Marine Laboratories
Dunbeg, Oban, Argyll PA37 1QA
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1. Bathymetry and mapping
We use sonar recordings and ReefMaster v2.0 software to create two-dimensional and threedimensional bathymetric maps of the seabed. We use small MCA-coded boats with shallow drafts to
permit surveying in shallow waters and in and around crowded waters. The maps are fully
georeferenced and can be exported in a range of formats including full vector maps in Google Earth
and ESRI Shapefile for use in a wide range of GIS applications. This scale generates maps covering
areas measured in thousands of metres squared.
In addition to providing confirmation or updates of traditional chart information, we also use broadscale bathymetry to identify areas of interest that are then either mapped using sonar over smaller
areas or can inform broad-scale photogrammetry surveys (see section 3a).
The example below is a sample broad-scale bathymetric survey of Dunstaffnage Bay and Dunstaffnage
Marina at a contour scale of 0.25 metres, exported into Google Earth.
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2. Shallow-water side-scan survey
Side-scan survey techniques use sound data to create imagery of the seafloor. Side-scan sonar is one
of the most effective tools for underwater exploration because it can search a large area quickly and
produce a detailed picture of anything on the bottom, regardless of water clarity. We again use
ReefMaster v2.0 software to create large, high-resolution mosaics using sonar data from any number
of survey tracks. The resulting imagery can be exported in many formats and is fully georeferenced.
Side-scan mosaics are used to identify target areas for broad-scale photogrammetry surveys of
selected target areas (see section 3a) or medium-scale photogrammetry of smaller objects such as
marine debris (see section 5). The mosaics can also be integrated with the bathymetric surveys to
generate combined depth and image maps.

The above example is a combined bathymetric and side-scan mosaic image that is georeferenced to
indicate the exact positions and depths of “lost” mooring blocks and ground-lines.
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3. Structural survey
a. Broad-scale photogrammetry and Digital Elevation Modelling
Stereophotogrammetry is a monitoring technology that generates very detailed three-dimensional
point-cloud models using standard photographic or videographic source material obtained relatively
simply and quickly. The models produce permanent records that can be analysed many times in
multiple ways and can be measured in three dimensions to much higher levels of accuracy than are
possible using traditional methods.
There are three types of output from these surveys:
i.
Fully georeferenced, three-dimensional computer models of target structures or seabeds
can be created for a range of sizes depending on the client’s needs; they can also be
imported into several CAD packages. Measurements can be made from the models
without the need to dive again. If the models are securely referenced, then we use
software such as CloudCompare to measure and monitor structural changes over time.
Below is an example of a model constructed on Helensburgh pier – a fully interactive
example
of
this
structure
can
be
accessed
following
the
link:
https://tritoniascientific.co.uk/photogrammetry-projects/pier-survey-helensburgh
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ii. Fully georeferenced orthomosaics of survey areas provide very detailed and visual maps of the
target features, even with poor water clarity. Below is an example of a seabed orthomosaic
created from a 12 x 12 metre diving survey; the inset is of a scale bar measuring 70 cm in length.

iii. Digital elevation models, usually of seabed or seabed targets, provide highly accurate and
measurable depth or height characteristics, often to cm resolution.
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b. Medium-scale photogrammetry
We use medium-scale photogrammetry to generate models over dimensions measured in tens of
metres. Examples are of pile integrity underwater and the structure of the underside of piers. In both
cases, computer-based volumetric analyses of any structural defects can be made from the models.

Examples of medium-scale models of pier structures can be found following this link:
https://tritoniascientific.co.uk/photogrammetry-projects/pier-survey-craighouse
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c. Fine-scale photogrammetry
Where the survey targets are defects or items of structural importance that are very small, or where
detailed resolution is required, then we employ macro-photography using high-end digital single-lens
reflex cameras to capture imagery suited to creating fine-scale models. These are often resolved to
sub-cm scales. An example below is of a monopile fouled with barnacles:

d. Aerial photogrammetry
Combining data obtained from aerial drone surveys with information obtained both on and under the
water makes it possible to effectively make the water “disappear” providing sight of the total structure
from seabed to topside.
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It is also a methodology that generates maps and records of topside assets such as buildings, bridges,
and linkspans from all angles.

All our aerial drone operations are fully regulated by the Civil Aviation Authority (CAA) and Tritonia
Scientific Ltd., holds a valid, in date, CAA Permission for Commercial Operations (PfCO). Our drone
team are all in-date CAA-certified Remote Pilot qualified.
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e. Photography and videography
In addition to computer models, we can provide high-resolution underwater photography and
videography. Where depths or diving duration are limiting, we can deploy our own remotely operated
vehicle (ROV) to undertake surveys.
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f. Non-destructive testing
We use the Cygnus DIVE Ultrasound Gauge to produce accurate and reliable thickness measurements
of metal constructions underwater.
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4. Georeferencing
All our surveys are fully georeferenced and can be exported into commonly used geographical
information systems. Increasingly, clients appreciate the presentational advantages of importing the
models and bathymetric surveys into Google Earth.
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5. Marine debris surveys
Harbours can be areas that accumulate marine debris, either accidently or through deliberate
dumping. Harbour authorities may need to know what is underwater and where it is. Significant
accumulations can also pose navigational threats in relatively shallow waters. We approach debris
surveys on two levels: firstly, we use broad-scale sonar assessments to show where the main debris
fields are, and then secondly, we can use photogrammetry to provide detailed, georeferenced
information on the types and volumes of debris, or diver inspections with or without photo/video.

Discarded tyres
and lost
mooring line
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6. Biosecurity
Most of the divers employed by Tritonia Scientific Ltd., have tertiary, postgraduate and postdoctoral
qualifications in marine sciences. This makes us an ideal company for undertaking surveys identifying
biological invasions. Biosecurity has become a major issue on the west coast of Scotland following the
discovery of the invasive, non-native colonial tunicate known as the carpet sea squirt, or Didemnum
vexillum. As well as having extreme ecological impacts, the sea squirt can smother fish farm nets,
reducing the levels of oxygen inside the pens and causing enhanced mortalities.
Some of our surveys have contributed to recent scientific papers on this subject:
Cottier-Cook et al (2019). Management of Biological Invasions 10, 311-323.
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7. Tritonia Scientific Ltd.
Tritonia Scientific is a limited company registered in Scotland (SC587673), is VAT registered (GB 291
2942 89), and is a registered HSE Diving Contractor (4549034).
Tritonia Scientific is a diving and underwater research company that has evolved from the UK’s
National Facility for Scientific Diving. It is based at the Dunstaffnage Marine Laboratories, near Oban
in Argyll. In addition to HSE-compliant dive teams, Tritonia Scientific also owns MCA-coded diving
vessels, and owns and manages the Oban NHS-registered emergency recompression facility.
Tritonia Scientific employs the range of techniques and technologies that was developed and
evaluated through the National Facility for commercial and advanced scientific application. Over the
past 15 years, our work as the National Facility was established on over 40 different diving-based
collaborations with universities, Government Centre/Surveys, and commercial companies. Divingbased work has been undertaken around the UK, in Europe, and around the world including tropical
diving (e.g. British Indian Ocean Territory, Papua New Guinea, Belize), polar diving (e.g. Rothera BAS,
McMurdo USAP, Svalbard, Baffin Island) and temperate diving (e.g. Falkland Islands, New Zealand,
Iceland). Our past and current commercial collaborations have included Premier Oil, Chevron, TOTAL,
the Falkland Islands Government, Marine Scotland, Scottish Natural Heritage and Scottish Sea Farms.
8. QHSE
a. Quality:
Tritonia Scientific employs a Quality Management System (QMS)
that gained BS EN ISO9001:2015 certification (FS 715687) from
the British Standards Institution (BSI) in 2020. All our contracts
and projects are managed in line with our Standard Operating
Procedures outlined in the QMS. Technical, contractual and
logistical risks are managed throughout all projects and
continually reviewed against the agreed budget, deliverables
and timescales. We work with our clients throughout the project
lifecycle to deliver high-quality data and project management.
b. Health & Safety:
We comply with all relevant HSE legislation and guidance in all our operations. There is a project
folder on site at every survey location. The folder contains a dive project plan that summarises a
safe system of working, copies of diver qualifications, a generic risk assessment for diving, specific
risk assessments for each location and underwater task, insurance details and instructions on what
actions to take in a diving or boat-related medical emergency.
Tritonia Scientific Ltd., is a registered HSE Diving Contractor. All our diving adheres to the 1997
Diving at Work Regulations and we conduct our diving in accordance with guidance provided in the
Scientific and Archaeological, and the Inland/Inshore, Approved Codes of Practice. All our diving
supervisors are appointed in writing by the Diving Contractor and are certified under the SDSC
diving supervisor scheme. All our divers have in-date HSE diving medicals and current First Aid at
Work qualifications plus additional training to Intermediate Life Support level (including oxygen
administration and AED application). We always carry emergency oxygen supplies and a full first
aid kit.
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All our diving boats are MCA-coded and our coxswains all have commercially-endorsed powerboat
qualifications.
Tritonia Scientific Ltd., carries the following types and levels of insurance that are pertinent to this
quotation:
• Public Liability (Lloyds/TUE., £10million)
• Employers Liability (Lloyds/TUE., £10million)
• Products Liability (Lloyds/TUE., £10million)
• Pollution Liability (Lloyds/TUE., £10million)
• Environmental Statutory Liability (Lloyds/TUE., £1million)
• Professional Indemnity (Royal & Sun Alliance, £5million)
• Ship Hull, Collision and Protection & Indemnity Liabilities (Beazley Solutions Ltd, £3million)
• Drone operations, legal liability to Third Parties (Tokio Marine Kiln, £5 million)
c. Environmental:
Tritonia Scientific endeavours to minimise the environmental impact of all its business operations.
Our activities are conducted in ways that meet or exceed all applicable laws and regulations as well
as company policies and client environmental requirements.

