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Abstract: The development of affordable digital technologies that allow the collection and analysis of georeferenced field 

data represents one of the most significant changes in field-based geoscientific study since the invention of the geological 

map. Digital methods make it easier to re-use pre-existing data (e.g. previous field data, geophysical survey, satellite 

images) during renewed phases of fieldwork. Increased spatial accuracy from satellite and laser positioning systems 

provides access to geostatistical and geospatial analyses that can inform hypothesis testing during fieldwork.  High-

resolution geomatic surveys, including laser scanning methods, allow 3D photorealistic outcrop images to be captured 

and interpreted using novel visualization and analysis methods. In addition, better data management on projects is 

possible using geospatially referenced databases that match agreed international data standards. Collectively, the new 

techniques allow 3D models of geological architectures to be constructed directly from field data in ways that are more 

robust compared with the abstract models constructed traditionally by geoscientists.  This development will permit 

explicit information on uncertainty to be carried forward from field data to the final product. Current work is focused 

upon the development and implementation of a more streamlined digital workflow from the initial data acquisition 

stage to the final project output.  
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I. INTRODUCTION 

Geology is the study of the Earth’s structure and history. It 

underpins the provision of resources to the UK’s population 

and industry, delivers a wide range of essential services, and 

helps us understand how we can live more sustainably on our 

planet, thanks to our strong skills base, education and research. 

Necessity (human needs and wants) is the mother of invention 

(technology).  The Earth is made up of chemical elements, all 

of which exist in fixed amounts.  However, it is not the 

elements themselves that are the object of human affection, but 

rather it is the properties that these elements possess (either 

alone or in partnership with other elements) that humans seek.  

In this context, resources are anything that provide these useful 

properties.  To this point, humanity has not yet exhausted any 

of these resources, yet concerns have been voiced about the 

prospect of running out of such resources. . Technology 

represents ways that humans apply human ingenuity, 

knowledge, and experience to organize capital, energy, and 

materials to get what they want and need.  It is the means to 

make things useful, to acquire things that are already useful, 

or to transform things that are not useful into things that are.  

If human action with respect to nonfuel mineral resources is 

characterized by simply changing the form of resources 

through separation and re-arrangement to maximize their 

utility, then it should be clear that the total available resource 

should consist of both in-situ (not yet extracted) materials and 

of in-use materials (manufactured stocks-in-use, emissions, or 

disposable wastes).  It is likely that future needs can be met by 

continually rearranging resources in all these forms, such that 

resources are not permanently destroyed. 

Geology is the multi-disciplinary science that studies the earth 

and its history. We live on a dynamic planet that is constantly 

changing. Our ability to survive as a civilization and as a 

species is intricately linked to the geologic processes that 

shape our earth, form its natural resources and allow it to 

recover from the abuse that our society heaps upon it. Geology 

is important because virtually all the natural materials our 

society needs such as oil, gas, metals, building materials, and 

so forth are found by geologists. Geologic engineers evaluate 

roads, buildings and dams for geologic stability and hazard 

potential. Environmental protection and remediation are 

important geologic issues faced by contemporary society.  

 

Figure 1: Overview of the Engineering Geology Life Cycle & 

data collected throughout 
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Geology is an exciting profession that typically combines 

indoor and outdoor work. Students of geology encounter 

science in its broadest sense because geology incorporates 

those aspects of astronomy, biology, chemistry, engineering, 

mathematics and physics that are important to understanding 

the Earth and its interactions with the atmosphere, the 

biosphere, and the hydrosphere. 

Geology requires problem solving, good 3D visualization and 

the ability to collect and process data accurately. Geologists 

are like detectives. Data that allow geologists to solve 

problems seldom arrive in a linear fashion. Geologists must be 

able to collect fragments of information and develop 

interpretations based on those data. They must be able to 

separate important and trivial data and be able to adjust their 

interpretations as new data are collected. Developing models, 

either in their mind or on their computer, is essential. Once 

geologists have completed their work, they must be able to 

effectively communicate their results to others. Strong verbal 

and written communication skills are essential in geology. 

Most geologists work on practical problems that involve 

people.  

Those individuals, whether an individual landowner, an 

elected official, or the CEO of a Fortune 500 company, want 

answers communicated in a way they can understand. 

Geologists work on every continent from the tropics to the 

poles and on and under the surface of the oceans. They work 

on foot or from ropes in high mountains, in submersibles and 

on ships, in mobile laboratories in trucks or aircraft, and in 

offices and labs in universities, research parks, urban offices, 

and high-rise offices buildings. In these various settings, 

geologists use a wide range of equipment. The field geologist 

may use only a hammer, compass/pocket transit, notebook, 

pencil, and map or GPS unit. 

II. INFORMATION TECHNOLOGY APPLIED TO 

ENGINEERING GEOLOGY 

Geologists work on every continent from the tropics to the 

poles and on and under the surface of the oceans. They work 

on foot or from ropes in high mountains, in submersibles and 

on ships, in mobile laboratories in trucks or aircraft, and in 

offices and labs in universities, research parks, urban offices, 

and high-rise offices buildings. In these various settings, 

geologists use a wide range of equipment. The field geologist  

may use only a hammer, compass/pocket transit, notebook, 

pencil, and map or GPS and bore-hole shear devices (to 

measure the strength of materials).   

As discussed earlier, geology is a broad multi-disciplinary 

science. The digital handling of engineering geological data 

leads to the great advantage that vast amounts of such data can 

be combined and analysed, as well as imported into and 

exported from databases and/or large (virtual) spatial models 

in fractions of seconds. In the pre-digital era this was not 

possible at all due to the time consuming character of such 

operations [17].  

The biggest potential of IT is the possibility to process and 

analyse large amounts of primary data, such as in geophysical 

surveying, remote sensing and in cone penetration testing. 

Processes such as anti-aliasing, improvement of signal to noise 

ratios and, generally, processing of large data sets would not 

have been possible without the data handling capacity of IT.  

Digital data handling, however, forces us also to adopt strict 

rules on the uniformity of data formats and to an appropriate 

choice of parameters to be described. The uniformity of the 

data formats is essential for the “interoperability” of data on 

different parameters and from different data sources. 

However, the use of large databases and the importation of 

datasets into programs for numerical analysis also require 

uniformity in the way to structure the description of the 

engineering geological parameters [16].  

IT offers opportunities for efficient handling of engineering 

geological information. The two most significant aspects of IT 

for technical geosciences are (Loudon, 2000): The obvious 

ability of computers to calculate, thus opening up possibilities 

of more rigorous analysis with quantitative and statistical 

methods, and more vivid graphical presentation with 

visualization techniques.  

 

Figure 2. Automated field data acquisition 

The manipulation and management of information; this ranges 

from the ability to move elements of a picture in a graphics 

system to the ability to capture data, store vast quantities of 

information in a database management system, and retrieve 

specific items on demand. IT influences the way in which 

engineering geologists investigate the real world, how they 

communicate, what they know and how they think. This can 

lead to better science, cost savings, increased speed and 

flexibility in data collection, storage, retrieval, analysis, 

communication, and presentation [18].  

Since the spectacular increase of calculation power in the 

1960’s and 1970’s through the development of computers, 
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engineering geologists and geotechnical engineers started the 

development of digital methodologies to support the effective 

and efficient execution of their work. Initially this 

development focused on the application of the enhanced data 

handling capacity and calculation velocity to introduce more 

detail in conventional methods of slope stability calculation, 

the calculation of the behaviour of soil and rock around tunnel 

openings and in foundations and earthworks to obtain more 

refined results [19]. 

There exists a strong tendency for specialists, even within one 

organization, to work independently with newly emerging 

technologies as IT, selecting their own computing tools and 

their own structure and format for storing data. If there is no 

effort for standardisation then this may lead to users spending 

more time on transforming data than on solving geotechnical 

problems. Sharing data between organizations will add further 

complexity. 

It is important that any new technology has a clear tangible 

benefit. This might be increasing the accuracy of analysis, 

providing new data, improving efficiency of a task, facilitating 

better communication between the supply chain or improving 

safety. By identifying this ‘added value’ at the start of the 

project and reviewing it throughout ensures that technology is 

not used just for the sake of using it – something that 

potentially risks undermining the technology that will assist. 

Technologies that are already showing ‘added value’ include: 

Drones – Benefits include surveying large areas quickly, 

accessing places that are too dangerous for humans to access 

and ability to generate ‘intelligent’ 3D models of sites that 

open the door to ‘unlimited’ site visits; 

3D Ground Modelling – Allows better visualisation of ground 

related risks to help ground engineers make more informed 

decisions. It also acts as a powerful communication tool to 

communicate ground risks to clients and other stakeholders; 

and 

Smart Infrastructure – Enables real-time asset data to be 

obtained that can assist design verification, early identification 

of potential problems and a predictive maintenance approach. 

Artificial intelligence (AI) also has huge potential to assist the 

ground engineering industry. Yes, the ground is notoriously 

unpredictable making it difficult for AI to make reliable 

predictions on ground conditions or parameters. But based on 

historic data, AI could produce generative models that ground 

engineers could test and revise following targeted ground 

investigations. 

III. CHALLENGES 

We should not shy away from the fact that embracing 

technology will bring its own challenges. 

Four of the key challenges are: 

 Upskilling of the industry; 

 Validation of new software; 

 Industry standards; and 

 Industry culture. 

Firstly, we must ensure that people are adequately trained in 

any new software tools and processes that are available (e.g. 

borehole logging using tablets). This is no easy task and ignites 

the debate as to whether the training responsibility lies with 

the industry or university. What is for sure though is that 

without the necessary skills to use and interpret the results 

from new technology we won’t be able to achieve nearly as 

much as we could. Geologists must also not forget their core 

skills of critical thinking and interpreting the subsurface. 

Secondly, we must ensure new technology is robust and can 

be trusted. It is very easy to produce an all singing and dancing 

3D model, but it must also make geological sense. Professor 

Fookes hinted at this in the First Glossop Lecture where he 

stated, “Technical innovation must stand the test of time in 

order to prove its worth”. We must also ensure that new 

processes and technology are also incorporated into existing 

industry standards or if required new standards developed 

[20]. 

The most difficult challenge of all, is the cultural 

transformation of the industry. Currently the value of data is 

not well enough understood, particularly among clients. As it 

is the clients who hold the purse strings, it is them who can 

lead the transformation. But it is equally the job of designers 

and contractors to share success stories and highlight the 

benefits that technology and effective information 

management can bring. This is particularly important if 

benefits are not realised until further down the asset life cycle. 

It is also crucial that the whole supply chain is singing off the 

same hymn sheet. 

 

Figure 3. Point cloud data set of a rock surface, generated 

with a laser scanner 

Where do we go from here? 

Whether it is providing additional tools to better equip the 

ground engineer or creating cost savings for the client, the 

benefits of embracing new technologies and effective 

information management are clear. What we must do is to be 

better at sharing these benefits and success stories, particularly 

with clients. 
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Yes, there will be challenges along the way, particularly 

winning the hearts and minds of everyone in the industry but 

these are worth overcoming. We must remember that new 

technologies should make the life of an engineering geologist 

easier, not harder and allow us to focus on what we do best – 

critical thinking and interpreting the ground. It is important 

that these core skills are not sacrificed as these are things that 

technology cannot replace. 

IV.  IMPLICATIONS OF THE NEW PARADIGM   

There is strategic value in looking at technology from the 

‘outside’ as an emerging geological phenomenon. The 

problem of coping with the consequences of technology and 

technological change offers different answers, depending on 

whether we think of technology primarily as a human-

generated and controlled phenomenon, or whether we look at 

it as a quasi-autonomous phenomenon that in effect operates 

according to its own dynamics.  

 

Figure 4. Example of GeoGis database for geotechnical data 

Looking at technology from the inside, we tend to formulate 

solutions to the problem of natural capital degradation that 

draw a straight line from the seemingly excessive use of 

resources like energy to policies that might restrict such use. 

However, prescriptions such as constricting the resource 

stream on which the function of technology depends, for 

example by taxing carbon, tend to encounter resistance. 

Technology is not passive but has evolved mechanisms for its 

own defence – a requirement of any dynamic system whose 

longevity is measured in a large number of internal clock 

cycles, such as the time between cell phone bills or elections. 

The most important of these defenses is preemptive in nature 

and takes advantage of fundamental properties of its human 

parts, especially the property of acquisitiveness. Technology 

defends its mode of operation primarily by offering incentives 

such as abundant food, medicines, instant communication 

channels and other desiderata that bind, or even addict, 

humans to the system that produces them, as well as by less 

subtle mechanisms expressed via legal, judicial, political, 

military and other elements of the technological armory. The 

upshot is that attempts to ratchet back the rate of energy use 

and of consumption of the other resources on which this 

cornucopia depends, or to interfere with the continuing 

diversification and penetration of technology as it seeks out 

new sources of energy and material resources, are 

automatically resisted by the feedback loops on which 

technological metabolism is based. This is the nature of a 

positive feedback loop – it has intrinsic stability against 

disruption – the twist here being that humans, as sentient 

components of such a loop, may feel surprise or dismay upon 

realizing their enforced participation in a dynamics they 

thought they controlled. Policies that are based only on a 

consideration of future human wellbeing and do not take into 

account the needs of technology, especially the need to 

continue metabolizing at a high rate – which is the source of 

the constraints and incentives that channel human behaviour 

towards technology-friendly activities and is thus the sine qua 

non of technology – are likely to fail or be slow to implement 

because they consider the implicit two-way compact between 

system and parts only from the viewpoint of the parts. 

With respect to human well-being, a high rate of technological 

energy consumption is, by itself, not the central problem. 

Global warming is not a necessary consequence of a high rate 

of energy use, but of the lack of adequate recycling 

mechanisms. The hydrosphere consumes energy more than a 

thousand times faster than the technosphere, but it recycles its 

own waste (fallen rainwater). 

The technosphere, in burning fossil fuels, operates without any 

provision to recycle a major waste product, carbon. From the 

point of view of an autonomous technosphere, climate change 

is not a problem to be solved by using less energy, but by using 

more energy. As seen from the dynamics of the Carnot engine, 

whatever useful work is done by a system, additional energy 

is required to power a recycling mechanism. 

Efforts to ramp up ‘renewable’ energy sources such as those 

based on wind or photovoltaics offer new ways to use energy 

to do work without the principal drawback of fossil-fuel 

combustion, that is, without the need to recycle carbon. 
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However, renewables technology is still technology. Trying to 

fix the climate problem by turning to renewables may 

therefore not lead where it seems. This will be the case if 

opportunities offered by renewables appear different to the 

technosphere than to humans. The emergence of new 

technological subsystems that can capture abundant but 

previously unavailable or little-used renewable resources like 

that provided by sunlight may just as likely be an opening 

move in the expansion of the technosphere towards massive 

increases in the use of these new resources than simply a way 

to substitute new cleaner energy sources for older sources that 

degrade the environment. For example, with regard to solar 

energy, there is no reason to expect that the technosphere will 

limit itself to extracting energy from just the fraction of the 

solar radiation flux that happens to be incident on the planetary 

disk. Technology is already extending itself into space and it 

may not be indifferent to the large fluxes of solar energy 

available there. Geoengineering proposals to counteract global 

warming by deploying a cloud of refractive ‘flyers’ in space to 

deflect incident solar energy away from the Earth are already 

on the books (Angel 2006). However, deflecting sunlight is 

throwing away usable energy. It is a short step to see how this 

idea might be retuned to do just the opposite – to capture the 

energy of photons in space that would have missed the Earth 

and then transmit the energy down to the Earth’s surface (e.g. 

in the form of microwaves; Glaser 1968). This is not a 

prediction, but illustrates how looking at the technosphere 

from the outside provides its own perspective on possible 

Earth futures. 

V. CONCLUSION  

The model aims to provide new ideas on the management of 

geological risks in the construction and infrastructure 

processes, so that as a proposition is introduced into the 

investment process is carried out in different countries, from 

its legal body, in a manner that establish a requirement for 

active and passive actors in this process, this would be in the 

author's opinion, the best way to establish a way to ensure 

sustainability of building development in the medium and long 

term. This also would avoid the large outlay of money and 

resources that the states have to pay or release each year, after 

the frequent occurrence of natural and technological disasters. 

It is relevant to mention that as a model of technological 

innovation, this model is dynamic, allowing for interaction 

between actors and resource persons. Its main limitations 

depend on how deep or not be covered by the 

interdisciplinarity participation, to what extent would be apply 

or not the different management tools, as well as aspects 

related to the introduction of technology transfer and / or 

innovations in the process. 
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