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Why urban geology?
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. What is urban geology?

. How has it developed?

« Who are the users?

- What geo-information do we use?

. How should the geo-information be managed?
» The future?

« Some concluding thoughts
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Through the
looking-glass
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What is urban geology?

Canadian Geological Survey, 2008: urban
geology provides “...engineers, planners,
decision makers, and the general public
with the geoscience information required
for sound regional planning in densely
populated areas.”



What is urban geology?

Karrow & White 1998: urban geology “...
spans both regional and applied geology.
Some emphasis Is usually assumed in the
application of geological principles to the
solution of construction, and now
environmental, problems in or near urban
areas.”

© NERC All rights reserved



What is urban geology?

De Mulder 1996: “an interdisciplinary
field in the geo- and socio-economic

sciences addressing Earth-related
problems in urbanised areas.”
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What is urban geology?

Dal Fuchu et al. 1994: “...the study of land
resources and geologic hazards as they
relate to the development, redevelopment
and expansion of urban areas.”



Urban geology

The study of the interaction of human and
natural processes with the geological
environment in urbanised areas and the
resulting impacts, and the provision of the

necessary geo-information to enable
sustainable dp\/plnnmpnt rpnpnpm’rmn
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and conservation
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How has urban geology developed?
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Mono-thematic
Multi-thematic
Multi-dimensional
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Mono-thematic urban geology
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Mono-thematic urban geology
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Multi-thematic urban geology
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Multi-thematic urban geology
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Multi-thematic urban geology

GEOLOGICAL
GROUP

Thick Alluvium
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ZONE

ENGINEERING IMPLICATIONS

Shown on map by ‘solid’ colours

Soft, plastic surface silty clay
(Alluvium Unit 4), requiring
wide strip or raft foundations
even for housing. Heavier local
loads require end-bearing piles
to deeper than —10 m OD and

embankments require
lightweight fill. Excavations
require continuous support
and pumping. Large

excavations may experience
bottom heave. Construction
traffic should be kept to a
minimum to avoid remoulding
in situ. Unsuitable for fill, water
extraction beneath or near
built-up areas, or waste
disposal.

SITE INVESTIGATION
REQUIREMENTS

Cone penetrometer test
(CPT), resistivity or
seismic surveys to
determine piling depth.
Piston core sampling for

geotechnical design
parameters. Trial well
pumping prior to
excavation.



Multi-thematic urban geology

ENVIRONMENTAL
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*5 MAP (GLENROTHES _ , 1080-10%

‘investigate the best
means of collecting,
SH EET A collating, interpreting and
presenting, in sets of
maps and reports,

For further explanation see element

DEVELOPMENT POTENTIAL

Environmental Geology Map geologlcal results Of
B Areas where ground dII'eCt appllcablllty |n Iand'
- ffg':iﬂgé‘:p‘mirfﬂ use Nnlanninn ” /IQ ronnl ,9
lightweight structures, I‘““' iy - \PIrvuh

for example two-

storey housing and Marker 1987)
single-storey factory

development

o7 I Areas where ground Based on an assessment
= conditions require of shallow undermining
detailed site (Sheet 11), natural
investigation and landslip potential
possibly ground (Sheet 12), opencast

treatment for light- workings (Sheet 13),
welight structures. foundation conditions

.:“
(Sheet 21) and geological
hazards (Sheet 24)
W
Mote: topographic features such as reservoirs and

steepness of slope have not been considered,
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Varlable Man-made Ground Conditions

Principal areas of significant man-made deposits. These have a
primary affect on sngineering ground conditions, but also may be
responsible for or influence gas emissions and leachate
development

Known or Potential Shaliow Undermined Ground

Areas of known or potential colliery based mining at less than 30m
depth from ground surface. These have a primary effect on
enginearing ground conditions, but also may be responsible for or
influence gas emissions and leachale development. Areas of
sandstone mining &nd distribution of known mine entries are shown
on map 5.

Protection and Development of Mineral Resources

Lt siietle]  Sandstone and sand and gravel resource areas. The possibility
e +.5. 1 of reSource sterlisation should be considered al the planning
LA tatal  GlAQE.

Surface Mineral Workings

Location of former or active surface mineral workings in sandstone,
fireciay, brick clay, sand and gravel, which are unfiled. These sites
may be of importance for future working of the mineral resource,
have a polential as waste disposal séles, or as recreational or
consarvation sites. These sites may be associated with unsafe
quarry faces.

Geological Faults

Major faull at surface, or al rockhead if bekow Drifi.

Faukts affect engineering ground conditions, slope stabdlity,
thi migration of gases and leachates and the rate of low
of groundwater,

Protection and Development of Water Resources
B -
E3

Licensed surlace water, spring or groundwater source.

Dervvedopments at, or adjacent o, water abstraction siles
may have detrimantal effects on water quality,

Protection of Washland areas and Flood Prevention

7

Area of washiand; alluvial fioodplain prone to flooding and
which prevent flooding downstream,

c urban geology




KEY POINT No. 1:

Geo-information for urban areas must be
kept up-to-date



KEY POINT No. 2:

Geo-Information for urban areas must be
accessible to users
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Multi-thematic urban geology

“...until the geological data that fills the files of
geological survey departments across Asia and
the Pacific can be translated into a dynamic
easy-to-use format (GIS or something better),
the data are likely to remain in those files,
unused for ever.” (John Rau 2003)



KEY POINT No. 3:

Data for urban areas must be in a “dynamic
and easy-to-use format”



Multi-dimensional urban geology

European Science Foundation Conference
Spa, Belgium, 2003
“New paradigms in subsurface prediction”



Multi-dimensional urban geology
Reluctance to use 3D digital, spatial modeliing
e Believed that the benefits did not exceed the
cost of using complicated software

o Perceived difficulty in quantifying uncertainty,
particularly with regard to the quality of expert
knowledge used to create the spatial model

e Shortage of “definitive” data

e Requirements of users in urban environments
rather different from past users of geological
data who were mainly 'resource’ orientated
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KEY POINT No. 4:

Users of geo-information in the urban
environment are likely to have a
relatively limited knowledge of geology



Who are the users?
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The Users

General public

Geohazard 'victims'
Potential future geohazard 'victims'
Non-'victims'
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The Users

Geological professionals
Engineering geologists
Contaminated land specialists
Hydrogeologists

Environmental geologists

Mineral resource geologists
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The Users

Non-geological professionals

Developers

Financiers

Architects

Civil and structural engineers
Surveyors

Builders

Utility and transportation providers
Planners

Archaeologists
Conservationists

Building control officials
Environmental regulators
Health and safety regulators
Insurers

Lawyers

The media

Policy-makers and politicians



KEY POINT No. 5

There are many users of urban geological
information, all with different needs
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The media

e EXists to entertain rather than educate

e Education does not make good public relations

e The point of public relations is to generate “warm

feelings.”
(Nield 2008)

Policymakers and politicians

e Understand institutional and decision-making structures
e Disseminate as well as present

e Tailor outputs to audiences

e Use communication experts

e Work with social scientists
(Liverman et al. 2008)
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KEY POINT No. 6:

When working with those who have little or no
formal training in geology, clear communication
IS Important

KEY POINT No. 7:

Working out how to adequately communicate
geological information and knowledge about the
urban environment should involve a considerable

amount of effort
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Multi-dimensional urban geology

Mersey Corridor — Manchester to Liverpool
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Multi-dimensional urban geology

Nlersey Basin — Manchester, Saiford, Warrington, Liverpool
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Nnondod n tha Mo
neeaea in tne ivie

To develop an attributed 3D environmental
framework for one of the UK’s major
population centres and development
zones

To support sustainable urban development
and regeneration — societal well-being
and economic growth

To quantify anthropogenic processes and
Impacts — urban landscape evolution

Project area overlies Sherwood Sandstone
Aquifer — groundwater recharge and
vulnerability research
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Mersey urban regeneration and sustainable
development ...

BBC Media hub

Mersey Gateway
Bridge Crossing Runcorn 2
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Mersey 3D modelling strategy

GSI3D low resolution
regional model

GSI3D attributed high
resolution city scale in
Manchester,
Warrington and
Liverpool
(LithoFrame10)

18 800 coded boreholes o "
Lierpool

Highest resolution along
central Mersey
development and
regeneration zone

Integration with Permo-
Triassic bedrock
model
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Schematic stratigraphy
of the Mersey Basin




Warrington — econ mic growth and early
NnAl ustrv

The oldest known painting of Warrington, 1772 (Thomas
Donbavand). Glass furnaces, located 300m west of present day

Warrington Bank Quay railway station, are circled |
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Artificial deposits in Warrington

High resolution urban 3D model includes artificial features such as pits, quarries, road cuttings and canals

N WW2Aiield =
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Hydrogeological pathways
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section derived from Manchester 3D model
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Geo-Information for urban areas

 Types of geo-information

« Management of geo-information
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Types of geo-information

e spatial data, originally in two dimensions
printed on paper but more recently in digital
form in two and a half, three and four
dimensions

e databases (now digital) of point information
now increasingly combined with the spatial
models
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Types of geo-information

* Site Investigation borehole and parameter data
 mapping of bedrock, superficial and artificial
deposits

* mining records

e past land-use records

* well records and water extraction information
 Investigations of ground movement
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LIDAR

PSINSAR

Ground geophysics

High resolution airborne geophysics

Spatial data from the web



Management of geo-information

 for many cities, data are plentiful
* the problem is finding them
e and digitising them

 and then managing and enlarging the
databases in the long term
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Long-term data management

« Should the geo-information available from
hundreds or thousands of site investigations, water
wells and mineral surveys be collected together?

* If so, should the information be collected and then
updated at specific intervals or should the databases
but continuously updated?

« Should the information simply be stored in its
original form or digitised?

« Who should perform these tasks and how should
they be funded?

 |s this process likely to be cost effective?
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KEY POINT No. 8:

It Is demonstrable that acquiring geo-information
for urban areas and managing and maintaining
the databases in the long-term is cost effective,

and of societal benefit
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Long-term geo-information managers

e City authorities

* Private data companies
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KEY POINT 9:

Unless taxpayers, through their governments, are
willing to pay the increased costs of digitisation
and digital data management, the era of public
bodies, such as geological surveys, freely
providing access to geological information will
pass completely
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Long-term geo-information managers

* Geological Surveys

* Private data companies
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KEY POINT 10:

For the most part, city authorities do not have
the resources or the motivation to build,
maintain and develop geological and
geotechnical databases for their cities
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Long-term geo-information managers

 Geological Surveys
« City authorities

 Private data companies
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KEY POINT 11.:

There Is no guarantee that private data
companies will continue to operate and maintain
their databases in the long-term or add new
Information
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Futures

New applications:

« Utility maintenance
e Sustainable drainage systems

 Archaeological assessment
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Utility maintenance - Knowsley
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Superficial deposits as revealed by 3D

modelling
J

{
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| Astificial Deposits
[ ] Adluvium
I shirdley Hill Sand

B Feat

il T

I Glaciofluvial Ice-Contact Deposits

B Weathered Sherwood Sandstone Group

|| Sherwood Sandstone Group




3D model classification

Qualitative assessment of
permeability based on
lithological composition
only

Permeable deposits (sand,
gravel and gravelly sand)
— Glaciofluvial deposits

Low permeability (clay or
silt) — Till with lenses of
sand =

- Inferred low relative permeability clay or silt dominated

Inferred high relative permeability sand or gravel inated
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Combining 3D geological and utilities
models
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Relative vulnerability

Utilities below Till or underlain by
thin Till represent areas of high
relative aquifer vulnerability

Average thickness of Till = 2.5m

Utilities underlain by <2.5m Till
represent highest vulnerability
parts of Sherwood Sandstone
aquifer within Knowsley Industrial
Park

Lagend

)  KMOWSLEY_PROJECT. _BOUNDARY  TILL_THICKNESS_(m)
PIPELINES_OVERLYING_<25m_TILL  Value
. . | <FIRELINES_OVERLYING_»2 5m_TILL High : 12.388013
Prioritised ufilities _

M H H Low : 0.000000
© NERC All rights reserved relative to till thickness.



Future

1 w1 Wl 1 W

Environmental multidisciplinarity — geology's
contribution

Environmental
Information
System for
Planners

- EISP
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EISP
Which environmental issues?
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EISP

Design overview: the system
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GIS
(data/models)

Process runs semi-
automatically
Minimal user input

\/’\

Step-by-step processing
leads to recommendation
Maximum user input

\_/\

Strategic planning report
Processing based mainly on
modelled data
Minimal user input

\/\

Planning lssue Decision
process o
\ 4
Pre-planning =———» e.g.ri;l(OOd' | =
A
No Yes
Development
Control
Strategic
planning
Outcome
v 3 !
Pre-application constraints Development control
report report




EISP

The system In
operation
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Futures

Complete multidisciplinary — sustainability -
geology's place

social and cultural interactions
economic change

political drivers

as well as environmental conditions
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Futures

Complete multidisciplinary — sustainability -
geology's place

A vision: “provide the data standards and applications
seamlessly to link data models, concepts and numerical
simulations concerned with the surface and subsurface.”
The models will be capable of being linked to socio-

economic models, for example, on population change or

commodity prices.
(Kessler et al. 2009)
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KEY POINT No. 12:

In the future, new applications for geo-information will
continue to be found

However, urban geology will become simply a part of the
broad sweep of information and knowledge required to
develop our cities sustainably
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Futures
Internationalism

IWGUG (1993-2009)

Objectives:

e to Improve communication between disciplines working
on cities (as well as between urban geologists)

to raise awareness of the importance of geo-information
to urban development

to initiate and support research and disseminate its
findings

to 'represent' urban geology internationally

to arrange multidisciplinary training for urban
specialists
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* Geo-information for urban areas must be kept up-to-date
* |t must be accessible to users
 And it must be in a “dynamic and easy-to-use format”

« Users of urban geo-information are likely to have a
relatively limited knowledge of geology

 There are many users of urban geo-information, all with
different needs

 When working with those who have little or no formal
training in geology, clear communication is important

« Communicating clearly about the urban geo-
environment should involve a considerable amount of
effort
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Conclusions

Acquiring geo-information for urban areas an
maintaining the databases in the long-term
societal benefit

ng and
fec

di
IS tive, and of

Unless taxpayers are willing to pay the increased costs of
digitisation and digital data management, the era of public bodies,
such as geological surveys, freely providing access to geological
Information will pass completely

For the most part, city authorities do not have the resources or the
motivation to build, maintain and develop geological and
geotechnical databases

e Thereis no guarantee that nrivate data combpanies will continue to

CATITLW O LI rl luu\.

operate and maintain their databases in the long-term or add new
iInformation

In the future, new applications for geo-information will continue to
be found

And, urban geology will become simply a part of the broad range of
iInformation and knowledge required for sustainable dev_‘elopment
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Actions for urban geologists

For geo-information providers (including geological surveys):

Gather and digitise urban data

Create 3D-4D models of the shallow subsurface and attribute
these models with relevant parameter data — linking the databases
to the model

3. Give an indication of the uncertainty associated with the models
and explain what it means

4. Engage in two-way discussions with the wide range of potential
users

5. Provide interpreted outputs of spatial information in exactly the
form required by the users and indicate the limitations

6. Carry out cost-benefit studies to demonstrate the value of urban
geo-information

7. Integrate physically-based 3D ground models with process and
socio-economic models to assess the vulnerability/resilience‘of
the urban subsurface to future environmental change

© NERC All rights reserved



Actions for urban geologists

For researchers:

1. Develop the generic methodologies and techniques to
visualise and explain 4D change and uncertainty

2. Provide the understanding of the processes that bring
about these changes

3. Research and develop new technologies for
monitoring the urban environment such as LIDAR,
PSINSAR and geophysical systems
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Actions for urban geologists

For consultants:

1. Carry out more thorough desk studies, particularly
developing and using three dimensional spatial, digital
models

2. Move from current site investigation methodologies,
which tend to be necessarily prescriptive based on
current guidelines and standards, to ones based on
testing the geological model. This will require a new
culture for site investigation, with the development of
new standards and the modification of old ones.
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Actions for urban geologists

For all geologists working in the urban environment:

1. Learn how to better communicate with the wide range
of users of geo-information. If necessary, this may
Involve professional communication experts

2. Seek to persuade the policy makers and politicians
who, ultimately, control spending on geo-information in
our cities, that continuing to do so is cost effective
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