British

(s ‘ﬁl"

MNATURAL ENVIRONMENT RESEARCH COURNCIL

B Gatewav 10

The UK’s ‘National
Geological Model’

(-l
e,

NERC 2016.
All rights
reserved.

«

Recent developments, current applications and 'ﬂemands for further

© NERC All rights reserved



Acknowledgments

Holger Kessler, Jonathan Lee, M
Graham Leslie, Sian Loveless, &
Alison Monaghan, Tony Myers, |
Steve Thorpe, Ricky Terrington,
Colin Waters, Ben Wood,

Mark Woods

Steve Mathers §

NERC 2016.
All rights
reserved.

© NERC All rights reserved




The National Geological I\/Iodel

http://www.bgs.ac.uk/research/ukgeology/
NationalGeologicalModel/home.html

* 3D modelling - major part of BGS
portfolio:

® range of scales, local-regional
* variety of applications
* diverse funding
® sizeable 3D resource
* National Geological Model:

* “promote a consistent approach ... L
to individual models” (recognising
the need for these to be different)

Contains Ordnance
Survey Data ©
Crown Copyright &
Database rights
2016. Licence No.
100021290.
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to meet an overarchlng strategic L
need for consistent UK-wide BGS © NERC 2016, Al ~
C Verage” rights reserved.
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UK Crustal
Model

First crustal-depth (15 km)
national-scale fence diagram
for the UK and Ireland

Generalised conceptual
understanding of the tectonic
framework BGS © NERC 2016. All

rights reserved.

Major faults and Caledonian

and Variscan terranes depicted UK Crustal Model

superimposed on the

Tectonic Mab\of

Britain, Ireland and
™\ Adjacent Areas (BGS, .

' 1996)

“A starting point”

Intended to visualise the broad-
scale architecture, for training
and to promote scientific
debate by the geoscience
community
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UK Quaternary Model

* Broad framework linking the major
Quaternary basins and existing models

* Reference framework for new-start models

® 3D equivalent to 1:625 000 scale
Quaternary map

® Constrained by 6000 boreholes, growing!

Hits per 10km2
Sum_Tally

ROADLINK
class

A Road

[ RERLH .
01-2:0 BGS © NERC 2016. All Contains Ordnance Survey Data ©
il rights reserved. Crown Copyright & Database rights
2016. Licence No. 100021290.
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UKS3D - National Bedrock I\/Iodelﬁf%:

* An impartial reference-frame for
the UK subsurface

® Successor to 1:625,000 scale
map (lithostratigraphical Gp’s)

* Synthesises a wealth of
data and interpretation

* Captures geologists’ knowledge |
In a consistent framework

®* Peer-reviewed, open dataset

Contains Ordnance
Survey Data ©
Crown Copyright &
Database rights
2016. Licence No.
100021290.
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UK3D - National Bedrock Model

B/ Fault Traces
1/ FAULT TRACE Midiands Fault [NotIn GOS] (2 sticks)

(] 2 O O 9 1 O I 1 t 1 I t 1 f [[{7] METADATA [ID:METADATA_826_1464774874574]
- n I I a S e C I O n S O r % Sheet 316 Fareham solid and drift geology : Eritish Geological Survey (1998) [BWOOD - 01-06-2016 at 10:54]

T "Smith, D.B. 1989, The late Permian palasogeography of north-east England. doi: 10.1144/pygs.47.4.285 [BWOOD - 01-06-2016 at 10:55]

E I d I 5:\Scans\WGM UK 30YGE3D_Scans_Region_12\East_anglisn_Guidel1_Acadian_Unconformity_v2.png  [BWOOD - 01-06-2016 at 10:55]
n g an & Wa e S % Sheet 85 Manchester drift [superseded] : British Geolegical Survey { 1930 repr. 1949 repr. (2nd impression) 1964) [BWOOD - 06-06-2016 at 10:13]
E}--L FAULT STICK Midlands Fault [Cross-section s1] CPW-CONG/NORMAL
Eﬂd METADATA [ID:METADATA_297_1464768797154]

. 2 O 1 O - 1 2 I n fi I I S e Cti O n S C O aSt % Sheet 23 Cockermouth solid and drift geclogy 1:50 000 : British Geological Survey (1997) [BWOOD - 01-06-2016 at 09:13]
]

=) FAULT STICK Widlands Fault [Cross-section s2f [FR-LMAS/NORMAL |
[ METADATA [ID:METADAT.

and Scotland b M
* 2012 Deepening in

36_1464768821964]

solid and drift geology g:50 000 : British Geological Survey (1997) J[BWOOD - 01-06-2016 at 09:13]
N=6) [BWOOD -01-06f2016 at 09:14]

Horizon name(s)
and fault type are
automatically recorded

Source cross-section Citations are user and timestamped

sedimentary basins (GB3D)
is automatically recorded to provdie metadata audit trail

* 2014 Ir.lflll, off-shore Metadata — software supported
extension and key boreholes — PN

® 2015 Northern Ireland extension
® 2016 software migration and ——

Refe the'd:

SEHBRTYREN child section

structural enhancement o gt s o 90 T

3716 GEOL MAP: Sheet 177 Aberaeron bedrock and bedrock & superficial deps (2006) »| Geological Map
BGS © NERC 2016. All E

. 3717 GEOL MAP; Sheet 195 Lampeter bedrock p PSS : (2007) 7| Geological Map
rights reserved. e T . T

Mlcolinwaters  « o2/o4/2014 [w:\Teame\NGM\Models\Data\GB3D\DATA\GSID, )_Data\GB3D_C  |Extended ORD-MDSS_3 to 1500m and added LPRU everywhere else that
- OMBINED\GB3D_NDA_V9_07 Scotland_Plus_EW Regions.gsipr [section didn't extend to 1500m
Ricky 21/03/2014 [W:\Teams\NGM\Models\Data\GBID\DATA\GSIID_Data\GB3D_C  [Deleted lines errors (2.8 NN linework)
Terrington OMBINED\GBID_NDA_VE_7 RTE Regions.gsipr
Ricky 21/03/2014 ) Data\GBID_C  [Trimmed off edges of sections where they extend beyond the section edge |
Terington |OMBINED\GB3D_NDA_V8_67_RTE_Regions.gsipr
Ricky 21/03/2014 |W:\Teams\NGM\Models\Data\GBID\DATA\GSIZD_Data\GB3D_C | Minor snapping
Terrington |OMBINED\GB3D_NDA_VB 67 RTE_ Regions.gsipr
Ricky 21032004 | ) Data\GB30_C  |Checked all sections for consistency between sections at ends and crossing
Terrington memm\ssau_Nm_vs_n_m_nggmmgg pr points

Calin Wats

Ision:process.4K-er

© NERC All T colinwaters  [[31/on/2014 ] Dat2\GBID C |Replaced SWUCM-MSCI with WAWK-MSCI [This is Pennant Measures, part
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U K3D V2015 * 372 deep boreholes

e 250 m DEM
® 167 cross-sections
23 geologists

® 625000 scale
®* 50 000 scale
e 20,000 line-km
® 6000 m

® 5427 “traces”
® 445 units

| * £0 UK3D is freely
BGS © NERC 2016. All avalilable

rights reserved.
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UK3D Access and Delivery =

Tour of the National Bedrock Fence...

- p—— ___-_'-‘—--—-__
Google Earth; data: Data SIO
= .-NOAA, U.S. Navy, GEBCO

Downloads

The model is available for free download in a number of formats, including 3D PDF, 2D
Shapefiles, KMZ (for Google Earth), in the bespoke BGS Viewer and as files for use in
specialist geolegical modelling packages.

Terms of use

The UK3D downloads listed here are delivered under the Open Government Licence, subject
to the following acknowledgement accompanying the reproduced BGS materials: "Contains
British Geological Survey materials @ NERC [year]".

* UK3D Boreholes 2015 (3D Shapefile with layer file) 830 kb, zip
® UK3D Cross sections 2015 (3D Shapefile with layer file} 6.3 MB, zip R T

® UK3D England Morth 3D pdf 19.9 MB, zip. Double Sided rendering must be enabled for visualisation I Lontot]_ ot o e M e Rive Wbt @1l & 8Gs Linoframe Viewer |
Tz R & 0 =k % e moomem L0 Wb AN

31 Rog_section

- please see ReadMe.txt file with 3D PDF download. ey |
® UK3D England South 3D pdf 17.0 MB, zip. Double Sided rendering must be enabled for visualisation U it

[0 K Regon_Saatian. ||

- please see ReadMe.txt file with 3D PDF download.
® UK3D Morthern Ireland 2D pdf 4.74 MB, zip. Double Sided rendering must be enabled for
visualisation — please see ReadMe.txt file with 3D PDF download.

1211 UK Reglt Seciiun |
7 e sacan
7 0 g e,
2 0 e e
® UK3D Scotland 3D pdf 13.8 MB, zip. Double Sided rendering must be enabled for visualisation - UK3D national bedrock fe g:::ﬁ::
please see ReadMe.bxt file with 3D PDF download.

® UK3D Wales 3D pdf 9.94 MB, zip. Double Sided rendering must be enabled for visualisation - please see ReadMe.txt file with 3D
® UK3D individual sections (KMZ format) 9.84 MB — best viewed using Google Earth 7

® UK3D GOCAD Plines (polylines) 2.57 M8 (extracted from UK3D cross sections for the base of stratigraphical units
Silurian))
® UK3D Petrel correlation lines 1.7 M (extracted from UK3D cross sections for the base of stratigraphical units dow

w.bgs.ac.uk/research/ukgeoloqgy/

ionalGeologicalModel/GB3D.html

T i — ] —— i —— ]l ] P



File Edit VYiew Window Help

Tools  Fill & Sign

. This model provides a unigque visualisation of the 30 geclogy of the
- East Anglia region. It is provided to accompany the new regional guide
East Anglla = Geulnglcal 3D MDdEI to the geclogy of this area produced by BGS. The model shows the

subsurface arrangement of the sedimentary rocks and associated

III mﬁ’d by 5 .J Mathers, § Thorpe and R L Terrington igneous intrusions to a depth of 1.5 kilometres_

Thiz document s divided Into four pages: i

thiz Introductory pagae: tha 30 geologlcal Geological Model >
modsl wltlél -:II:Ila pla;.'lanu:ll Inlialrr-:-gadlnrn tcxilr;

an axpands iologlcal legand for :

'rnl:-l:lall::ind Ina!rguentloﬁa on hngw to mavigate Detailed Fedend P
and uea the tools with the model. you can

navigate quickly between pages using the :
pagagllnkaq!-:l tnrergnt S e Instructions: |

This pubrlication forme part of an engoing program fo Improva dellvery mathoda
for BG5S gaological Information — wa walzoms your feedback. Pleags fesl fres to
send us your commeants at the following emall address: Imapi bgs ac. vk

Eaced on Eritich Gealogleal Sursyy geologlioal data & NERC 3316

This preduct Includes mappding dafa llosnesd from Crananos Juray
@ Crown sopyright and databace rdghic 2596, A1 rights resanesd

HEXTHap™ Brifaln slraabion daia
@ imtermap Teshnologies

s geographljc;,

- geologlcqf context

. mteractwrty (scale')
* ‘control’

The 3 dimanzlonal moedal covare the majority

v o y of the countles of Horfolk, Cambridgeshira,
British . ; | Suffolk and the south east of Lincolinshire
Geological Survey axtending to a depth of 1.5 Kliomatres balow

HATILAL ENVIROMHENT RESCARTH COWHER v a&a laval.

Produosd by ths Eriich Geologleal Jurvey www, bgs. o0, U e, \ Criordnacs, FuMolk from the coolhwest
Photograph © Mikes Fape 2016
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= East_Anglia_3D.pdf (SECURED) - Adobe Reader

File Edit VYiew Window Help
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File Edit VYiew Window Help
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®* Ongoing demand for 2D
data and products

BGS © NERC
2016. All
rights
reserved.

* Map marginalia and
cross-section enables 3D
understanding

* Digital data greatly
Increases uptake

® Lacks of marginalia limits
3D comprehension

* ‘POD’ under development
® (Qffers best of both!

* UK3D provides cross-
section information

Contains Ordnance Survey Data ©
© NERC Al rights reserved Crown Copyright & Database rights

2016. Licence No. 100021290.
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Survey Data ©

Crown Copyright &
Database rights
2016. Licence No.

100021290.




Contains Ordnance

= _ Survey Data ©
BGS © NERC ) p Crown Copyright &
2016. All Database rights
rights | 2016. Licence No.
reserved. 100021290.
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National Geological Screening

* National screening exercise for
geological disposal of
radioactive waste (E, W & NI)

* UK Gov't favours a voluntarist
approach from communities

* BGS Contributing to the
prospectus of information
available to inform interested
communities

* UKSD used in the process that
will identify:
® rock types of interest
®* major faults
° Onge(d)ing RWM Ltd funded-work

© NERC All rights reserv




Aquifer/shale separation

« Unconventional hydrocarbons driving significant
interest in the subsurface

« Assumption: risk of contamination (by any
pathway) is greater if aquifers and shales closer
together

« Location of Principal Aquifers and continuation at
depth and shale units with the potential for exploitation

. : BGS © NERC 2016. All rights
« National scale (England and Wales), online resource reserved.
’g %\7,,.&#\ TN \ ) g d\\{«\ i & \“;\ ] Trias/Bowland
B f s op of shale (mOD) (vertical soparation, motres)
Iﬁaﬁatﬁ to base Trr‘assm ﬁs;eﬁr(mon) Degth totop 7 Topeneleino \(/jerttlcal separat|on e
sandstone aqueP Hhghc2e Bowland Shale — Istance | e
\& e ﬁ:‘;‘l f | Low: 3400 \& Jear f* nﬂsﬁam A = il
PN
; { N
Q‘KQ . ‘\‘{'f‘l") ster . % t
v‘;}musm ng;ﬁ:k m ]'rork | rancas Lm .
}'r" L Y <$V—° ! Shefi:g:v \\ :“"P““' She : d
. L 204 ‘ 1 \ )
ﬁx{//? ¥ A Nottingham Nottingham s
J f é/,_.iy - )/ ) e i . Fi
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shaleGas/aquifersAndShales/maps/home.htm 2016. Licence No. 100021290.



3D Groundwater Vulnerabillity

® Further identification of aquifers and sources

®* Geometric understanding of sources/receptor
relationships

* |dentification of specific possible preferential

e PNt
AN
ZeS N

n
ST
) Ny
SR

Loveless S., Bloomfield, J., Ward, R., Davey, I., Hart, A. and Lewis, M. Groundwater

ﬂOW pathways vulnerability to onshore hydrocarbon activities in England. Geophysical Research
Abstracts. Vol. 18, EGU2016-14540, 2016. EGU General Assembly 2016

- ememne

B e e M p—
e ]

e

BGS © NERC 2016. All rights
© NERC All rights reserved reserved.

Principal Aquifer

(Chalk)
Secondary Aquifer

(Wealden mdst & sst)

Unproductive
(Kimmeridge clay)

Reservoir
(Wealden mdst & sst)

Source (Kimmeridge
Clay)
Source/reservoil
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UK 3D Fault Network

L 0
| |

“Pathways” increasingly significant
#1 driver for bedrock modelling: fault ™.
detection & analysis across scales ™"

Need to go beyond current 2D
national datasets:

* 3D geometry & extent e
° ro C k p ro p e rtl eS | | | I:-"":—:I_—;:;;‘--i-- 3
® 4D history S

BGS © NERC 2016. All rights

* Confidence g B

Famingdon 3D geoclogical modal
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:\lﬁ Kilometres 480000 Legend 500000
THROW CALCULATED FROM SSG



Use geostatistical techniques to extrapolate physical properties
through the mOdel Melbourn Rock

http://www.bgs.ac. uk/research/ukgeoloqgy/
aIkOfSouthernEngIand html <9/@ I '_

-5 3

A

G[,VSGJ/

Woods M., Newell, A., Haslam, R.B., Farrant, A.R. and Smith, H. 2016. Predicting the

subsurface. GeoScientist, vol. 27 no. 4, May 2016. Geological Society of London. . " BGS © NERC 2016. All rights

reserved.



Offshore extension

® Strategic aim to extend
UKS3D offshore

* Commencing with
hydrocarbon basins

® Various challenges to

overcome:
* stratigraphical

* technical y
e cultural Al rights

reserved.




Google Earth; map data; Data SIO, NOAA, ~ @

U.S. Navy, NGA, GEBCO; image: IBCAO

NGM — suite of national-scale models of the
UK — continues to evolve

UK3D — mature model - recent i
applications maximise the val,ge / |mpaCL g

™ —y L —1 iy

Y gy

.

T -

Clear drivers for development of-the-NGM-= -
— emerging uses of the subsurface; ew--
data and technology '

British . g - + o i
Geological Survey - DataiSIa. NOAA LS. Navy NGA GEBEO : ~ .
MEMINT.IHMHH.IHEIL !|f-‘]age IBEAD (]OOSIC ea rth

Image l‘andsat




