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Why do we procure Ground Investigations?

Why do we procure Ground Investigations?

We’ve always done some ground investigation....

The guidance/standards say we have to....

Planning told me to....

I's good practice....

I’'m worried about the ground conditions at my site....

| really want to minimise spiraling construction costs....

| really want to minimise construction programme over-runs.....

How do we procure?

What's the bare minimum | have to do?
Cheapest possible bid....Gl is just another commodity right?
Quickest possible delivery....I've forgotten about the ground investigation and construction starts next

Doesn’t matter..... the construction contractor will price for ground risk anyway

With thought, patience and recognition that we need to fully understand our ground risk.....
| realise that no two GI’s are the same.....

This isn’t going to be cheap but it's worth it....

What is the biggest cause of construction cost and time overruns?
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Back in 1998...

....Department of the Environment, Transport and the Regions (DETR)
annual report, highlighted that the seven largest road projects were some
£516 million over budget, due mainly to unforeseen ground conditions [1].
This equated to an over-spend, which accounted for a massive 63%
increase in projected expenditure [2].

1. McLellan, A., Major Roads Projects Clock Up £516m Overspend. New Civil Engineer
Magazine (1998), 140ctober 2009, http://www.nce.co.uk/major-roads-projects-clock-up-516m-
overspend/842575.article

2. Jones, M., Difficult ground: the biggest excuse in the book. large cost overruns due to
insufficient site investigation still dog the construction industry. New Civil Engineer Magazine
(1998), 31 October 2009,http://www.nce.co.uk/difficult-ground-the-biggest-excuse-in-the-book-
large-cost-overruns-due-to-insufficient-site-investigation-still-dog-the-construction-industry-
matthew-jones-asks-why/842681.article
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Impact of site investigation on overrun

...doubling the ground investigation budget
will generally add less than 1% to the

*

&

project cost. However, unforeseen ground
conditions attributable to inadequate
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increase costs of projects by 10% or more.

e _®_ __

“You pay for a ground investigation
whether you have one or not”

Impact of Site Investigation on highway contract cost over-runs in the UK from TRL Project Report 60
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Uncertainty in Geotechnical Engineering

Three broad sources:

Site Variability and Conformance Errors
Phased integrated investigations incorporating:
Desk Study/Remote Sensing
Geophysics — overall geological structure and targeting of intrusive work
In-Situ Probing — continuous vertical profiling and targeting sampling
Borehole Drilling and Sampling — improved technique, better lab testing

Design Method Applicability

Code values, resistance factors/FoS, coefficients — are we over engineering (realistically

are we designing to FoS of 15? When in reality this is a FoS of 3 and uncertainty factor

gUF) of 5 due to conservative selection of parameters? We don’t want to reduce FoS below
but how do we reduce the UF? — see box above)

Site specific verification, calibration and optimisation — benefits for the contractor as well as
the detailed designer

Full or Semi Full Scale Testing — piles, grouting, other ground improvement,

Construction Quality

Experienced supervision — including geotechnical engineers?
Effective foundation acceptance criteria
QC testing

“much of a civil engineering project’s risk lies in the ground”
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FoS and Uncertainty in Ground Conditions

Standard Investigation Approach Optimised Investigation Approach
Actual FoS =15 Actual FoS =6
o o \ P
Design . Efficient Foundation Design
s Design
Fustarss iy < 4 Factor of Safety = 3
BH1 BH2 BH3
P T s Ty TSN YL N N N S NN N N NS TR T IO -, 1 [/ 0\ e >

Uncertainty Factor =5 Uncertainty Factor = 2

Is GI a commodity?
What about what we do with the Gl data?

Geophysical Survey
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Effective Management of Project Ground Risk

Effective and successful management of ground risk requires development of a
high fidelity representation of ground conditions beneath and surrounding the site —
the Geotechnical and Geological Model or ‘Ground Model'.

Benefits of the integrated approach to Gl (geophysics, in-situ testing and drilling and
sampling) and staged site characterisation to develop this model:

» A more cost and time effective site characterisation study;

» More cost efficient geotechnical and foundation design due to reduced unnecessary over-
engineering;

= Ability to transfer ground risk management to the Constructor without being charged an
exorbitant premium for the assumption of this risk in the Constructor’s bid price; and

» Fewer differing site conditions claims leading to reduction and possible elimination of such
claims that invariably lead to project cost and time overruns.

All projects end up paying for a good site characterisation study
regardless of whether one is performed
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What is a Engineering Geology Ground Model?

See Fookes (1997) (quoting Glossop’s 1968 Rankin
Lecture) definition:

‘geological model'

A representation of the geology of a particular
location. The form of the model can vary widely and
include written descriptions, two-dimensional sections
or plans, block diagrams, or be slanted towards some
particular aspect such as groundwater or
geomorphological processes, rock structure and so
on.

Fig. 14. Conceptual route of a new road in Wales i ing the i ip between and underlving geology.

Fookes (1997)

Parry et al (2014): definition of different types of
model:

« The Conceptual Ground Model
e The Observational Ground Model

« The Analytical Ground Model...

This model is used to interpret how the ground is likely
to behave when it is impacted by the engineered project
during the construction process.
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Desk Study: Conceptual Ground Models

Conceptual Ground Model

Prior to breaking ground with intrusive

investigation or planning geophysics: °m_

Conceptual models developed from: T \ j 5 5 ;

« Review of available geological : : § :
maps/memoirs/academic publications : l l

- Historical site investigation data eSO l l §

- Site walk over and logging of local s — : | 2.
exposures. s

Applications: l l

* Qualitative risk assessment for e :
preliminary appraisals of project or site :
viability S

. Support contaminated land desk R 5 % :
studies — N\ | e

* Plan intrusive investigations | &

* Visualise likely geohazards and explain L

likely extent/depth/significance to all
levels of stakeholder.
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Observational Ground Model

Modelling approaches using extrapolation between
exploratory hole locations and geophysics =
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Analytical Models: Geotechnical Parameters

Geotechnical/chemical parameters can be stored, displayed and analysed within the GIS
and exported along with geological surfaces for foundation design.

Model surfaces/parameters can also be used for engineering analysis (e.g. slope stability)
and decision making, with the analysis results displayed in the model

Bl 4t View Bookmads Selecion Geoprocessing Customize Windows Help
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Geological ground model with geotechnical parameters in attribute table Contamination model
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Approaches to building
a Integrated Ground
Model:

Scope

Intrusive: Lithological/

Stratigraphic

Importance of
Geophysics:
EM/ERT/SRT/MASW/
Reflection

Integration and
presentation
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Scope of the Gl and Resulting Ground Model

Nature of development/engineering task should determine:

* Model extent

*  Model depth

*  Model resolution floodplain

. Data source abandoned river channel A

+ Parameters displayed in Analytical Model b

But this should be considered at conceptual stage and throughout the
observational and analytical model development by:

+  Complexity of geological units

+  Complexity of geological structures
* Internal heterogeneity

* Presence of geohazards

*  Presence of geology conducive to geohazards aluvial Infil \ burled paleo chang oead
fault zone
rabandoned nver channel
floodplain B floodplain
abandoned river channel C

abandoned river channel
\ nver ! river

rockhead

aluvial infil -~ e | buried paleo-chanel aluvial infill

rockhead
burled paleo-chanel
‘abandoned river channel ‘abandoned river channel

fault zone

Reproduced from Parry et al. (2014)
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Building a Stratigraphic Framework

Defined by desk study but flexible and needs to evolve with data collection and interpretation

Depth to [Depth to [Thickness | Depthto ([Depth to
Drilling Method Location Name [Top (m) |Base (m) [(m) Lithological Descriptor Lithology (2nd Order) Top (m) |[Base (m) Ci No. |Stratigraphic Interpretation
CPT MIP-E-4 6.60 7.10 0.5 SANDS - clean sand to silty sand SILTY SAND 6.60 7.10 7 | GLACIOFLUVIAL SAND LOWER
CPT MIP-E-4 7.10 7.90 0.8 SANDS - clean sand to silty sand SILTY SAND 7.10 7.90 7 GLACIOFLUVIAL SAND LOWER
CPT MIP-E-4 7.90 8.00 0.1 silt mixtures - clayey SILT to silty CLAY CLAYEY SILT 7.90 8.00 8 GLACIOFLUVIAL CLAY LOWER
CPT MIP-E-4 8.00 8.41 0.41 SAND mixtures - silty sand to sandy silt SILTY SAND 8.00 8.41 9 GLACIOFLUVIAL GRAVEL
Cable Percussion MW112A 0.3 0.45 0.15 MADE GROUND. Light brown fine to coarse gravel of limestone. GRAVEL 0.3 0.45 1 MADE GROUND
Brown slightly gravelly coarse grained SAND. Grawel is angular to sub
angular, fine to medium of limestone and occasional pieces of coal. Cresol
odour. Sample recovered but liner got stuck in sample tube so core not
Cable Percussion MW112A 0.45 2 1.55 recovered intact. SAND 0.45 2 3 BREIGHTON SANDS
MW112A 2 2 0 GRAVELLY SAND 2 2 ZERO THICKNESS| 3 BREIGHTON SANDS
Firm red brown to brown very closely fissured sandy CLAY. Occasionally
Cable Percussion MW112A 2 3.6 1.6 mottled black with cresol odour. SANDY CLAY 2 3.6 4 GLACIOLACUSTRINE
Black slightly gravelly SAND. Grawvel is angular to sub angular, fine of mixed
lithology. Very strong cresol odour. At 4.2mbgl gas generated - can be heard
bubbling through groundwater. Gas sample taken and borehole backfilled with
Cable Percussion MW112A 3.6 4.2 0.6 bentonite. SAND 3.6 4.2 5 GLACIOFLUVIAL SAND UPPER
MW112B 0 0 0 TOPSOIL 0 0 ZERO THICKNESS| 1 TOPSOIL
Rotary MW112B 0 0.15 0.15 MADE GROUND: Concrete. MADE GROUND 0 0.15 1 MADE GROUND
MADE GROUND: Light to dark brown sandy angular to subangular, fine to
coarse GRAVEL of sandstone and limestone. Sand is fine to medium of
Rotary MW112B 0.15 0.4 0.25 sandstone and limestone. SANDY GRAVEL 0.15 0.4 1 MADE GROUND
MADE GROUND: Brown slightly clayey, grawelly fine to coarse SAND. Grawel
is angular to subangular, fine to medium of sandstone and limestone with
Rotary MW112B 0.4 2 1.6 occasional fragments of coal. Faint cresol odour. GRAVELLY SAND 0.4 2 1 MADE GROUND
MW112B 2 2 0 SAND 2 2 ZERO THICKNESS| 3 BREIGHTON SANDS
MW112B 2 2 0 GRAVELLY SAND 2 2 ZERO THICKNESS| 3 BREIGHTON SANDS
Firm red brown to brown very closely fissured sandy CLAY. Occasionally
Rotary MW112B 2 3.6 1.6 mottled black with cresol odour. SANDY CLAY 2 3.6 4 GLACIOLACUSTRINE
Black slightly gravelly fine to coarse SAND. Gravel is angular to subangular,
Rotary MW112B 3.6 6 2.4 fine of mixed lithologies. Strong cresol odour. SAND 3.6 6 5 GLACIOFLUVIAL SAND UPPER
MW113 0 0 0 TOPSOIL 0 0 ZERO THICKNESS| 1 TOPSOIL
MADE GROUND. Rough grass and vegetation over brown very sandy gravelly
CLAY. Sand is fine to coarse. Gravel is angular to sub angular, fine to coarse
of sandstone with occasional fragments of brick and frequent rootlets. At
Rotary MW113 0 0.56 0.56 0.4mbgl material becomes dark brown to black. SANDY GRAVELLY CLAY 0 0.56 1 MADE GROUND
MADE GROUND. Light brown clayey slightly gravelly fine to medium SAND.
Rotary MW113 0.56 0.78 0.22 Gravel is angular to sub angular, fine to medium of sandstone. SAND 0.56 0.78 1 MADE GROUND
MADE GROUND. Grey black slightly clayey slightly gravelly fine to coarse
SAND of sandstone and black coal dust. Gravel is angular to sub angular,
Rotary MW113 0.78 1.2 0.42 fine of sandstone and coal dust. Perched water encountered at 1.1mbgl. SAND 0.78 1.2 1 MADE GROUND
Rotary MW113 1.2 1.8 0.6 No recovery, possible obstruction. CORE LOSS 1.2 1.8 1 MADE GROUND
Mottled black dark grey slightly grawvelly fine to coarse SAND. Grawel is sub
angular, fine of sandstone and stones of mixed lithologies. Occasional fine
Rotary MW113 1.8 2.2 0.4 rootlets. Faint to moderate cresol odour. SAND 1.8 2.2 2 ALLUVIUM
MW113 2.2 2.2 0 GRAVELLY SAND 2.2 2.2 ZERO THICKNESS| 3 BREIGHTON SANDS
SE52SW11 21.34 22.96 1.62 Red marl with bands of grey marl LIMESTONE 21.34 22.96 | 11 BROTHERTON LIMESTONE
16 www.fugro.com




Formation Tops - Grid Surface Models

Extent: determined by end use u
* Geotechnical design
* Hydrogeology (ConnectFlow)

Process: Extrapolation of upper and lower bounding surfaces of
units based on exploratory hole locations supported by
geophysics where available.

Extrapolation Algorithms:
* Inverse Distance Weighting (IDW)
*  Kriging; managing linear data clustering

* Limited functionality in ArcGIS

*  Specialist software to apply geological principals to
extrapolations; channels/faults/on-lap

Produces a raster grid that can be visualised in GIS as a
surface.

Consider spacing of observation points to delineate features of
interest

0 m-._i——\l\l-.l- mll [
Can incorporate geophysics producing an integrated model. 7 i’ — wo il
| LU

Requires:
* Interpretation of geologies from
CPT/Boreholes/Geophysics

«  Stratigraphic ordering

*  Multiple layers to model interbeds/erosional
features/channel infill etc...easy to get this wrong

17 www.fugro.com



Voxel Models

Non-interpretative calculation into solid 3D voxel based Used for:
model of parameters derived from ground investigation « QC of strata unit interpretations;
including: reat for extrapolation from

. i : : : g P
+ Soil descriptions: consider complexity of variables multiple points (CPT)
* Particle size descriptions « Randomisation in extrapolation
* Some geotechnical/chemical parameters. beyond comfortable bounds for
* Chemical Visualisations multiple model runs as part of

probabilistic assessments

Algorithms: « Randomisation of hydrogeological
« Closest Point variables for modelling internal
 Lateral Blending: extrudes with randomisation between heterogeneity in geological units.

1/3 to 2/3 between control points
+ Lateral Extrusion: extrudes to midpoint
* Highest probability

18 www.fugro.com



Building Integrated Ground Models

Only when datasets are fully integrated into a = Proprietary Approaches: A range of specialist
seamless model is real value gained - levels of software used to integrate geophysical and intrusive
uncertainty in ground conditions, and hence site investigation datasets into integrated ground
project risk, significantly reduced. models. Approaches and experience are important not
. Boreholes software

« CPT

e Trial Pits = Historical data: Opportunity to integrate historical

datasets (geophysical, boreholes, interpreted sections)
held by clients/third parties; data can be assessed and
incorporated to add value

« Exposures
» Geophysics: ERT, Seismic
Refraction/Reflection, 2D/3D

« Down-hole : . . :
= Analytical Models: With the addition of geotechnical

or chemical measurements models may include spatial
analysis to show trends and aid decision making and
design

= Specialist Knowledge:Models incorporate the
judgement of geologists and geophysists and are
typically delivered in GIS format with selected elements
also exported for design

[RRS R

Lo

» Specialist data: e.g. geology models add value to
UXO magnetometer survey as object penetration/age
can be assessed.

uuuuleullllllla’l‘.lull‘

—
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Dynamic Site Characterisation and the Evolving ground Model

*MNew datafromsitefed
into models immediately

*More hazards identified

Interim

Ground
Model

*|ntrusive locations
*Geophysics

*Positions scopedon
hazards identified

Hazard Assessment

*Final integrated ground
model

#Juantifimtion of hazards

Case studies to follow

20
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Early Stage Observational Models: Historical Data/Screening Geophysics

« Use for assessing suitability of detailed geophysics approaches
« Design initial spread of intrusive investigation
 Model updated as investigation stages progress in real time

21 www.fugro.com




Dynamic Sl: Integrated Geophysics and Targeted Boreholes
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What
data/information can
be brought into the
Integrated Ground

Model?
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Surface Geophysics — depth dependencies on land

10 m

30m

50m

100 m

1.5 km

Ground Penetrating Radar
Electromagnetics

Magnetics

Surface wave seismic
Microgravity
Magnetics

Electrical resistivity

tomography

Seismic refraction

Seismic reflection*

Buried obstructions
Services
Near surface conditions and geohazards

Stratigraphy

Structure

Stiffness / elastic properties
Cavities & voids
Geohazards

Deep structure and stratigraphy

*shallow limitations

24

www.fugro.com



Shallow Risks (Microgravity Solution)

25 www.fugro.com
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EM31/38

Feature

Potentia Active Drahage
Chamnel

Potential Area of Higher
Groungwater
[ Potential Leachate
Potential Lanafil
Potential Palago-Channel
[ amm |

AT BAAI-1 12487811 142027 3688
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i)
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Survey Chalnage (m)

Borghele 101 CPT 302

Elevation (my)

Borehole 102 CPT 304

Suney Chalnage ()

Elevation {mj}

) ucgrnal3

(1} uoyEag3
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ERT and Karstic Features

Line 37
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Geophysics: Ground Models from Geophysics
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Reflection Geophysics - Capable Faulting
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Seismic Refraction & Reflection

1200
Chalnage (m)

Route 1 - S-wave velocity from SRT
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Route 1 - S-wave velocity from MASW
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Key Elastic Properties:

Poisson’s Ratio — change in transverse strain with applied axial st
Shear Modulus — shear strain with applied shearing force

Bulk Modulus — change in volume with applied pressure

Young’s Modulus — change in length with applied tension

Poisson’s Ratio is determined by measuring P- and S-wave
seismic velocity.

Modulus determination combines P- and S-wave seismic
velocity and density.

Geophysical methods are particularly effective for
determination of stiffness at very low strain.

A

__ Field Strains around structures

Gimex

Shear Modulus (G)

T L] L] Ll T L]
0.0001 0.001 0.01 01 1 10
Strain (%)

Conventional Tri-axial tests

o

Local Strain Measurements
. '

Resonant Column

-

Geophysics
-



34 www.fugro.com



Fugro Innovations: Multi component 3C seismic surveying

Fugro’'s 3C system is based on multicomponent MEMS receiver technology, giving:

Combined stratigraphic and structural imaging and screening of geotechnical properties in
a single-pass: Seismic reflection imaging of deeper geologies and faulting, refraction
Imaging of shallow hazards, stiffness profiling

>30% reduction in field schedules and lower data acquisition cost
Fully scalable to shallow or deep applications (greater depth than traditional)

Higher data volumes compared to
traditional approaches — higher
interpretational confidence and better
Ground Model deliverables

Ligne 17 AUS 00

Refraction
imaging B SV,

llllllllllllH

3

simultaneous =
s broadband

™ w 30 » - s e e TG MG O WO G N0 1D 30 1N 130 13
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SH

Vertical and
horizontal
surface wave
analysis




Intrusive Investigation Based Models
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Targeted Investigations Vs. Grid Based:

How will you manage continuous vs. spot sampled data in the model?...introduction of bias due to

weighting exponents...bias can be isotropic and anisotropic
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Case Study - Midtown Tunnel, Virginia: Reliance on Boreholes
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CPT and the Ground Model

Clustered CPT producing high detail
areas in a model; all refusing at the
same geological boundary and
delineating it

——. M - Better depth penetration than trial pits
I R T 7]

All CPT’s penetrated to depth of key
geology; London Clay/Lambeth Group
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Exposures
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Detailed Sedimentology to Support the Ground Model

* Understanding depositional events and processes to support the ground model is very beneficial

* Use to develop a workable stratigraphic framework that can be extrapolated sensibly beyond
observational data

» Use of specialists in relevant terrain types essential

NORTH 3
Chainage: 0 m 1.Northem Area Sequence pinching out towards the North - Unit 7: Govariance Plot of Clast Horphology
M :
= == !
A B
. .
2. Central Area 3. Southern Area
) NF#7 i i
Unit 8/9 RF#1 RF#4 NF#S  NESS Area of extension and depression
40
‘ PEAT BASIN ‘
B Gravelunitand sequence T T == s m m m @ = om m m w m
dipping into basin ce

SOUTH

Area of extension and depression Chainage: 420 m

‘ PEATBASN

- Direction of principal stress from South

‘ Direction of principal stress from North

’ Fault
c -T T Gravel unitand sequence D

RF = Reverse Fault returning out of basin
NF = Normal Fault

% of Sample
pm
@
£
v

Soil Units Encountered Above Beach Level (Fugro, 2017) Soil Units Encountered Below Beach Level (Fugro, 2017) _ ;
Shape Category
Units Associated with Peat Basin - Unit 17: SAND Sub-units Unit 9: gravelly SAND gim= Unit3:SAND i
B Unit 16: SAND uncsacuav [l . Unit8:very sandy GRAVEL Unit2: sandy GRAVEL
nit 18A- SAND Unit 15: SAND —- Unit 14: sandy silty CLAY Unit 7- CLAY Unit 1: very sandy silty CLAY
. Ugtile Penr [ unit1zcay uni 8- savo [ | Unit6: SAND Unit 0: gravely SAND
Unit 18B: SAND Unit 11/12: SAND —. Uit 10 ey SAND uritsa: sano [ [ vritx sancy clayey SLT
Unit 9: gravelly SAND Unit 5: CLAY
- Unit 4: SAND
—— = Unit3: SAND
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Geomorphology in the Ground Model

Mapping and visualising Geomorphology LiDAR surfaces constraining the upper surface of the model

| i, Y
([ \—" I 7
M &l
N7
; BRI il S~
S Lol f { AN
NS/ Ayl /] NN
/ N N7 WK
a ~ =L [/ <=7 3
T yi
PN

Mapped Geomorphology used to extrapolate geologies
based on sediment-landform and process-form relationships

Stage | Insitu winnowing of till,
limited debris flow

Stage |l debris flows with intercalated sorted lenses
flow frequency increases downslope with decrease in
magnitude results in downslope increase in structural
complexity and upward fining.

Debris origin from initial crest line and stage | deposits

Initial moraine form

N
Stagﬁl/ /// \

Stage Ill final stage
slope wash deposits

Primary un-modified till/glacitectonite

Initial backwasting deposits
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Geomorphology and Geological Judgement
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Contamination Assessment

* Normally voxel based extrapolation

+ Parameter visualisation

» Digital data straight into model

* Visualise contamination extents within geology types

* Plan for better remediation

* 4D models for remediation validation and pollutant migration

* Due to high frequency of data capture environmental CPT lends itself to building these types of
models

Dispersion of
VOCL along

structures of

ratios <5%

"rh-.

* WL
S -...mmmﬂm|||||“|||III||||||u_||||lﬁ

o - (262 =
||||II|I|I|-
i within beds with
ratios >5-6%.

ratios >6%
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Uncertainty in Ground Model Surfaces

__________________________________________ a MODELLING SOFTWARE
SAMPLE METHOD (Rockworks, ArcGIS)

Geophysical\ Intrusive

Modified

L

Cable percussion

<+«—— CPT

Algorithms
ERT T

Software

Window sampler Experience

Seismic Proprietary

Mechanical auger

Expert decision in
modelling process

Trial pit

»

UNCERTAINTY IN SURFACES

Anthropogenic

Experience features —

Dissolution
Erosion
Expert opinion Shallow Locations nconformity
Lithological Deposition
Scientific boundary
background Deep locations

Extend through Faults

<€4——Glacial tectonics

Interpretation geological A structured approach to the measurement of uncertainty
sequence Folds in 3D geological models
M.R. Lelliott, M.R. Cave* & G.P. Wealthall
. British G jical Sur , Key ), Nottingham NG12 5GG, UK
LOGGING QUAL'TY DATA DENS'TY Standard G|aC|a| 'g?rgasmfr:éumoman.mrgea';‘gs.ac.m
S ]

GEOLOGICAL COMPLEXITY o Sovenin loss Lactrs

From concept towards reality: developing the attributed
3D geological model of the shallow subsurface

M.G. Culshaw
British Geological Survey, Kingsley Dunham Centre, Keyworth, Nottingham, UK
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Building Ground Models: Data Quality and Uncertainty

Data Quality Assessment used in Ground Models

ETRSS9 UTM 31N Total
Borehole Co-ordinates Srovd | 1oty Data Quality
No. !:v"(l:’l Data Source Technique Remarks.
(m) (m) (m)
Original CPT has
bee: luated.
507905 603 | 2000 | B8GS-Borehole database | Analogue CPT ‘;;‘::” ;::"‘m"‘;i: m:n:: :"‘p‘:“m?nz
top of Late Glacial
Deposits
Sand and gravelon CPT__ | CPT only penetrates
507908 588 21.00 BGS - Borehole database Analogue CPT evaluated as Raised Beach Raised Beach
Deposits Deposit . . . .
SeaT Uncertainty in elevation of geological surfaces
been re-evaluated.
507909 603 | 1300 | 8GS-Borehole database | Analogue cpy | AUVl Sands re-evaluated | tor provi H . . T
et | Aenss T | s e tescnDepons | St s Visualised based on data coverage, suitability/type
Deposits . .
o o] of data and inherent complexity of the geology
507910 543 | 1500 |BGS-Borehole database | Analogue cpr | AUVl Sands re-evaluated | (e for proving
s Raised Beach Deposits
top of Raised Beach
Deposits
Original
interpretation on log
Re-nterpretedgelogy | 4 estionsble; s
507912 543 | 2000 | BGS-Borehole database | Analogue cpy | D33ed On the re-evaluation | i o oroving
of Holocene Alluvial Sands
10 Raised Beach Deposits | 1P 214 base of Late
Glacial Deposits &
top of Raised Beach
Deposits

.
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Combined Uncertainty

1. GEOLOGICAL COMPLEXITY:

Recent Recent
Deep BH Deep BH HIGH (10) LOW (1)
(Ghost) [10] (Ghost EX) [10] I ]
SIMPLE HORIZONTAL

COMPLEX GEOLOGY
FAULTED/GLACIOTECTONISED LAYERED STRUCTURE

COMBINED UNCERTAINTY

HIGH UNCERTAINTY i
SMALL (ROF = 0 m) (Radius of Influence (ROF))

2. DATA DENSITY/DEPTH OF BOREHOLE:
HIGH (10) If a borehole intersects a geological surface LOW (1)
I Shallow | Deep

) Histo.rical Geophysics  Geophysics

T GAC [5 ERT [5

O [Shallow Water Well BH g [5]

E (6]

NON-BS5930
S Historical 4
%. ,g Shallow Historical _
35 Geotechnical BH Deep Geotechnical
5 5] o BH ®
=5 NON-BS5930 Historical [4] Historical
N NON-BS5930 Istorjeq
= Deep Analogue Deep Geological BH
Z g CPT [4]
< = — -
E 3 _| [4] Geophysics NON-BS5930
L % Seismic [3]
©e
o e
< g Recent
< & Deep CPT [3]
e Historical
o Historical Deep Geotechnical
Historical Shallow Geotechnical BH [3]

= Shallow Russian BH BH [3a, 50 m] BS5930

E [5] Recent BS5930 .

(@] BS5939 Shallow Geotechnical BH ecent

= [4] Deep Geotechnical BH LOW UNCERTAINTY

BS5430 [22] LARGE (ROF = 300 m)
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Terrain Unit Maps/Geotechnical Domains

Establish bounding criteria (geotechnical parameters, unit presence/absence, unit thickness) and
interrogate the GIS model to provide mapping content:

» Site selection
+ Site layout
* Route Planning |

e N
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ldentified Geohazards
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Engineering Constraints

Table 10.1 Geohazard Hisk Assessment Matrix

Approach Hazard Constrainy s} mposed by the Hazard Probability of the hazard being realised Considerations’ Mitigation
Conzider use of cazing whilst edvancing hole to Top of till if possibie.
Very likely in looea sands &1 surface
Drifing thraugh Hol Likely ~5rr1 'I"'I‘:IIB.MLI'EH ?ﬁ‘{f“ ly sity fina Uniikely to be able 1o casa axit route of hole through sands
= Incens n ain| . .
Al S;n&;ﬁﬁ:ﬁed Possible loss of flush pressurethole collapse Vary Ike:l,lbekm 1u-15rn bg?:marasa Wh‘ bacoma Attempt to control by usa of thick dril mud
DhWMWWWthE:?ﬁMm“m‘H Cansider excavation of sealed shaft for access 1o below depth of deposits,
ng- particulary on lendwerd sida of route whese casing wil not be possible tlllislljI
high cost)
Utiize geophy=ical survey techniquas 10 map area around proposed HOU
Running Sands coming up casing: Possible seizing of Ungertain m:tahllljl if drilling from seaward extent of route Bs start and end points and adjust 1o avoid hazand.
ratary drilling wassh-over pipework ingufiicient data to m*:m;ngsﬁ'"h high liquafaction May be eble to control unning sands. with addition of large volume of
pot waterflesh. Will likely require casing for seaward start of drill.
Sands with high iguefaction Considered likely that the exit kag of the route may encounter
- Consider construction of sealed pit'shaft to below depth of thesa daposits on
potential {i.e. encountenng & such ground mm"‘““ﬁmﬁ] Iﬂﬂ:e-ﬂmnwofb.lned saawerd and landward entry /exit points
pelasochannel within
y Sends possitly blowing out of hole i dill stzred in pit
Holocene Allwial Sands) balow =23 bed with unagual water pressures. As above Az sbave
Lreation of voids leading 1o subsidence As above, considered unilely that significant voids will farm As sbove
Loms of flush pressure and hole collapse As sbova A= shove
Hear surface solls (Holocene Allvium) has |n5ulfx:|enl )
strenh to boid flush pressurs al slar or end of 4l US| ikely 1o ogeur 2t reception paint due to inbilty 1o control flush Minor Uinmanageable Conirairt
Flush fracturing of near- ™3 na surface accurataly at this distanca. Some flush burst out at reception may be unavoidable but unikaly to form a =
surface soils major constraint =
. o0 Minor Managesble Constraint at
Dece May lad to su . cal of mudilat surface whers Unlisely to occur a1 start point due to control of flesh pressure Start paint
Horizontal woids are crested
Directional Lateglacial Deposits potentially very extensive and thick locally
Dril present &t seawerd start point; Likely Reduce probability of ancountering Lateglacial Depasits using Geomodl.
. . . . Potentially nnhl a Minor
Encountering Lateglacial Flush ercsion of low strength clays end pests leading 1o Cinly infrequently identified and where present found only &5 a Raduce con ance of i this sit by coniroli C HDD Contragior o
Deposit inclding peat flush presure loss and potertiz! limied hole collzose <. mém%wﬁiﬁnsm:d"fm mﬁm advancement and flush pmssu:g?nrq m bc;w.n'l:lnr)- I:rannguuns advise on consiraints
pas and maintain mud pressura in hole to avoid collapes

Very Densa Raiad Beach !

Patential drill deflection if at shallow angle whan
encountening deposis

Extensive and poorly defined bt lkely thick coverage close to
saaward start point; corsidered very lkely such deposits will be
encounterad

Ratsed Beaach Deposits only locally present and not very thick at

Centainty that & deep HOD route would heve to pass through these deposits
this depasit by

trensitions

Possibly could reducs consaquenca of encounteri

ling advancement spaed during strata boun

Consider construction of sealed shaft to base of deposits and undaraken
drill from base of shaft (ikaly very high cost)

Atiempt bo masntain fush pressure end usa very thick muds.
Consider use of casing to fop of tills & seaward start point

Giaclwial Deposits landwand exit point; Uinikely
Flush loss and potential hole collapss in free-draining
gravels Az sbove
Potentizl defiaction if channel encountared at wrong o .
Probability depends on planned HDD profile; those channels
Incised glacFkwial channalz gecmatry mapped are locesed in the cantre of Tunnel Valley feature imo
in till suriace infilled with y - - suriace of Lowestoft Formation Till. Assuming known festures
lowar density sandz/gravels Flush loss and pmauma:]r:‘:uapse in free-draining can be avoided; considerad unlisely to ancounter unknown
features

Plan HOD profile to avoid &l known festures. denification of known festures
does not preciude the presence of other such festures of similar of smaler

May prove to be difficult io manage flush loss if such & featurs is
ancounierad

Driling of deep cohesive
soils

Wearizhility in shear strength of tills and Kimmendge Clay:
average undmained shear strengths not considared o be
outside capabilities of even small HDD plant however,
observation of high and low strength outiers parficulady in
Lower Till and Kimmendge Clay may result in deflection i
essocisted bads are encountered &1 specific geometries

Cenzinty of encountering varisbie strength beds in tills and
Kimmeridge Clay it HOD profile passes through these deposits.

Lower Till and Kimmeridge Clay show highest number of shear sirength
outliers. May reduce the varizbility by planning routa through Lowestoft
Formation Till only.

Drill zdvancemant rate to be corsidered in light of varisble ground conditions
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Engineering Analysis

* Cross sections: Export to design software/slope stability Feflec Profle adjacent o Prome?
SOftware - e Sl Unit 7
. . £ A Previous Faidure
« Export of parameters, hydrogeological surfaces etc to design| : sen vt e
software/slope stability software i =
* Visualisation of geotechnical parameters '  vote Duamce
* Analytical models: FE analysis e 200N 2 eme,
« Rapidly accessible databases allows multiple et e e
model/engineering analysis runs - sonuar
é e Sodl Unit 1e1d
E 40 .II“J " E ] o 4 oo 8 ‘T' _e - RE -] 150 1899 LE 1.4
£ = Prafile Distanes [rm]
§ = Colour shading represents change in 5,
§ °° Profile 2 - Failure Surfaces
- 5,000 u:loc T000 s.alco 2.000 ':.:Ioo E | 1." 1.
' Profile Distance, m i:- o s x
-900 — —-900 = . 1 1 1 | ] 1 1 1 1 L L L |
1,000 |— —-1,000 ' o 7 - :‘-\'ome-Di“:lencesEml - " . o
g -1,100 = —-1.100 Caolour shading represents individual gectechncial soil units
& -1.200 D 14200 Average | Gravity Earthquake Refurn Period
& ure Sul N Mrears]
§ 1,300 = R—_— —-1.300 Fﬂ"u:b"m [r:e::ﬂ '—?:(‘:;9 {F1;nsl IFﬁggn]l izF'x]]
2 B
1,400 |— T 1,400 1.1 5 243 180 1.54 1.24
=
\\ / 1.2 75 262 1.76 141 1.12
1500 fé“‘m 13 10 33 | 180 142 111
1600 ' ! ' ' LN\t | - 14 125 241 | 188 147 1143
0 1,000 2.000 3.000 4,000 5.000 6.000 7.000

) Figure 5.7: Results for Slope/W Analyses at Profile 2
Profile Distance (m)
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Integrated Site Characterisation: Case Studies




Engineering
Assessment for Cable
Landfall :

Advanced site
characterisation:

Phased approach
Range of Geophysics
Intrusive SI

Use of historical data

Ground modelling

Engineering assessment
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Planning Investigations In Complex Terrains

Need to consider:

* Nature and likely complexity; internal heterogeniety
and geometry of beds (specialist knowledge),

* Objectives in relation to the ground engineering task,
to then define:
* The need for near surface geophysics

* Intrusive site investigation; technique, depth,
sample recovery, spacing of positions,

S0 you can then produce:

« The observational ground model (format, how to
integrate, specialist knowledge?)

* Geotechnical model
+ Design/engineering assessment
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1st Model Phase (site screening): EM31 and CPT
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Chalnage (m)
Route 1 - S-wave velocity from SRT

T | | T T [
e N e
o == = o
8 ————— ¥4
800 1000 1260 1600
Chainage (m)
Route 1 - S-wave velocity from MASW
——F I ] - E
e
= — = L
800 7000 1200 = 1-600

Chalnage (m)

Route 1 - P-wave reflection stack

Elwarkon (m LAT)

L I =
5 T AT O A g
EEe e W on = -
e e SR
= A R = 5
= an - e -1 ~— B~ s~
G . T e e = = =
3 S IS - LA RYES
oD s S s e b
1000 1200

Chalnage (m)

1400

Route 1 - S-wave reflection stack

Plus reinterpretation
of the marine
geophysics for the
route and
incorporation of that
into model
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5t Model Phase (integrate data to develop and test stratigraphy): Lithology

In addition to new Sl data: 120+ historical BH and CPT records:

Grey: Mudstone
Red: Clay/Clay Till
Green: Gravel
Yellow: Sands

65
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Upper and Lower Tills

IEGGRO SEACORE LIMITED. 1 : o EENREETES
» ~ FUGRO SEACORE LIMITED

PHOTOGRAPHY ROARN
f SRR LS 0 e
¥ | PHOTOGRAPHY BOARD

e i—

SAMPLE REF

BOX REF

Upper Till
‘ L I

2455 to 2490 (m)
SAMPLE NO. 07
BOREHOLE NO. OS'
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Upper and Lower Tills
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Final Model (Integrated): geological, geotechnical and geohazards

NI 1. upper Till: Dark grey, homogenous diamicton with chalk

clasts; (sl. sandy, to sandy, sl. gravelly to gravelly CLAY)
—T—

e

— MQ
Lower Till: Lighter grey, some yellow grey, locally dark grey

Bedrock; large channel and deeper erosional features and light grey matrix, more heterogeneous with chalk,
mudstone and some mixed lithology including red sandstone,

limestone and metamorphic and igneous (sl. sandy, to sandy,
gravelly CLAY, locally up to medium chalk cobble content)

&l &Ll

Outwash gravels

Lateglacial Unit (clay with peat/organic mud beds) over
Holocene marine sands and intertidal deposits
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Integrated Model: Cross section
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Engineering Risk Assessment Matrix

Table 10.1 Geohazard Hisk Assessment Matrix

Approach Hazard Constrainy s} mposed by the Hazard Probability of the hazard being realised Considerations’ Mitigation
Conzider use of cazing whilst edvancing hole to Top of till if possibie.
Very likely in looea sands &1 surface
Drifing thraugh Hol Likely ~5rr1 'I"'I‘:IIB.MLI'EH ?ﬁ‘{f“ ly sity fina Uniikely to be able 1o casa axit route of hole through sands
= Incens n ain| . .
Al S;n&;ﬁﬁ:ﬁed Possible loss of flush pressurethole collapse Vary Ike:l,lbekm 1u-15rn bg?:marasa Wh‘ bacoma Attempt to control by usa of thick dril mud
DhWMWWWthE:?ﬁMm“m‘H Cansider excavation of sealed shaft for access 1o below depth of deposits,
ng- particulary on lendwerd sida of route whese casing wil not be possible tlllislljI
high cost)
Utiize geophy=ical survey techniquas 10 map area around proposed HOU
Running Sands coming up casing: Possible seizing of Ungertain m:tahllljl if drilling from seaward extent of route Bs start and end points and adjust 1o avoid hazand.
ratary drilling wassh-over pipework ingufiicient data to m*:m;ngsﬁ'"h high liquafaction May be eble to control unning sands. with addition of large volume of
pot waterflesh. Will likely require casing for seaward start of drill.
Sands with high iguefaction Considered likely that the exit kag of the route may encounter
- Consider construction of sealed pit'shaft to below depth of thesa daposits on
potential {i.e. encountenng & such ground mm"‘““ﬁmﬁ] Iﬂﬂ:e-ﬂmnwofb.lned saawerd and landward entry /exit points
pelasochannel within
y Sends possitly blowing out of hole i dill stzred in pit
Holocene Allwial Sands) balow =23 bed with unagual water pressures. As above Az sbave
Lreation of voids leading 1o subsidence As above, considered unilely that significant voids will farm As sbove
Loms of flush pressure and hole collapse As sbova A= shove
Hear surface solls (Holocene Allvium) has |n5ulfx:|enl )
strenh to boid flush pressurs al slar or end of 4l US| ikely 1o ogeur 2t reception paint due to inbilty 1o control flush Minor Uinmanageable Conirairt
Flush fracturing of near- ™3 na surface accurataly at this distanca. Some flush burst out at reception may be unavoidable but unikaly to form a =
surface soils major constraint =
. o0 Minor Managesble Constraint at
Dece May lad to su . cal of mudilat surface whers Unlisely to occur a1 start point due to control of flesh pressure Start paint
Horizontal woids are crested
Directional Lateglacial Deposits potentially very extensive and thick locally
Dril present &t seawerd start point; Likely Reduce probability of ancountering Lateglacial Depasits using Geomodl.
. . . . Potentially nnhl a Minor
Encountering Lateglacial Flush ercsion of low strength clays end pests leading 1o Cinly infrequently identified and where present found only &5 a Raduce con ance of i this sit by coniroli C HDD Contragior o
Deposit inclding peat flush presure loss and potertiz! limied hole collzose <. mém%wﬁiﬁnsm:d"fm mﬁm advancement and flush pmssu:g?nrq m bc;w.n'l:lnr)- I:rannguuns advise on consiraints
pas and maintain mud pressura in hole to avoid collapes

Very Densa Raiad Beach !

Patential drill deflection if at shallow angle whan
encountening deposis

Extensive and poorly defined bt lkely thick coverage close to
saaward start point; corsidered very lkely such deposits will be
encounterad

Ratsed Beaach Deposits only locally present and not very thick at

Centainty that & deep HOD route would heve to pass through these deposits
this depasit by

trensitions

Possibly could reducs consaquenca of encounteri

ling advancement spaed during strata boun

Consider construction of sealed shaft to base of deposits and undaraken
drill from base of shaft (ikaly very high cost)

Atiempt bo masntain fush pressure end usa very thick muds.
Consider use of casing to fop of tills & seaward start point

Giaclwial Deposits landwand exit point; Uinikely
Flush loss and potential hole collapss in free-draining
gravels Az sbove
Potentizl defiaction if channel encountared at wrong o .
Probability depends on planned HDD profile; those channels
Incised glacFkwial channalz gecmatry mapped are locesed in the cantre of Tunnel Valley feature imo
in till suriace infilled with y - - suriace of Lowestoft Formation Till. Assuming known festures
lowar density sandz/gravels Flush loss and pmauma:]r:‘:uapse in free-draining can be avoided; considerad unlisely to ancounter unknown
features

Plan HOD profile to avoid &l known festures. denification of known festures
does not preciude the presence of other such festures of similar of smaler

May prove to be difficult io manage flush loss if such & featurs is
ancounierad

Driling of deep cohesive
soils

Wearizhility in shear strength of tills and Kimmendge Clay:
average undmained shear strengths not considared o be
outside capabilities of even small HDD plant however,
observation of high and low strength outiers parficulady in
Lower Till and Kimmendge Clay may result in deflection i
essocisted bads are encountered &1 specific geometries

Cenzinty of encountering varisbie strength beds in tills and
Kimmeridge Clay it HOD profile passes through these deposits.

Lower Till and Kimmeridge Clay show highest number of shear sirength
outliers. May reduce the varizbility by planning routa through Lowestoft
Formation Till only.

Drill zdvancemant rate to be corsidered in light of varisble ground conditions
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Dynamic Site
Characterisation:

Gypsum dissolution
geohazards beneath a
proposed power station

Desk study: Initial
conceptual models

Desk study: front end 3D
models

Screening geophysics
ELS

Main phase geophysics
concurrent with initial
borings; dynamic model
update

50% of Geotech
boreholes optimised

Geohazards mapped
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3D model from historical data
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Cross Sections (CS2)

EAST CS2 CS2’ WEST ! i
UVOST-C5 MADE GROUND
BH K18 MIP-D3yip-c5MIP-C9 LT2BH09 .
R o |
10.0 i BH N24M>§4_ .. UYOST-C9 MIP-F25 LT2BH10 10.0 ALLUVIAL DEPOSITS
0.0 0.0 . GLACIOLACUSTRINE
-10.0 -10.0 GLACIOFLUVIAL SAND UPPER
-20.0 -20.0 . GLACIOFLUVIAL CLAY UPPER
-30.0 -30.0 . GLACIOFLUVIAL SAND LOWER
[m] i 0 o
(e} 400 400 Q . GLACIOFLUVIAL CLAY LOWER
£ £
-50.0 -50.0 .
GLACIOFLUVIAL GRAVEL
-60.0 -60.0
. ROXBY MUDSTONE
-70.0 -70.0
. BROTHERTON LIMESTONE
-80.0 -80.0
. EDLINGTON MUDSTONE
-90.0 -90.0
. CADEBY FORMATION
-100.0 -100.0
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Features of Interest

Legend
{_ Site Boundary
[ Potential Features from Surfaces
% Potential Faults
% Exploratory Hole Locations of Interest
Topographic Feature
EX] Potential Sink-hole
Potential Area of Sink-holes
[ZX] Palaso-channel/potential sink-hole

www.fugro.com



_MIP-R-5

MIP-Qf

@c
UVOSTRIMIPR3 P R4,
ey

o

TISESZ5W100 % <
se528y287]
409 —BH701 MW107 f \
® ® = " RBHS02 4 1
BHET4 @ eusos '
@mvyho76 Gricrr-aTre ' SEszswzép
BH702 ® i3 1
BH709 [l
MIP-AC-12 ® @rorre Mws3 ! f
] Bl LT1BH68 {
Fy— ® LT1BH6d 7
onfef = ' SE525W284
BH710 Fepf.GIzier CoTaTo Feprarre b -
BH7030) - X B
24 7ol cmi{ 7~\ Feerots, &p2SWW2s4
BH704 ®2PB:8F—CPIGNO P1.GT42F-CPT:
_Lmetee @ Y
Mip-A5 X LT2PBHO2 ™~
@&anve. 1
MW605 BH N24/02 MIER 1m0 /
G DIP-E4 MW411 D MIP-8) F.cpr.cHd el N, ~- by 0
MW205MW206 R @EHw0s ~finr11A Fortes e, 3 =
® S REH ‘? A BT o Fak LT
Mlp-@awp-g& H71BQUNPSTCo Iy T8, A
F o) g
_MIP-H4 MIP-Gla a ﬁ'yim mpEs R+ i S
& Y ¥ < LJ2BHO7
_ MIP-J)-8 IP-H2BH706E) &) ®LTQBH°B
[ D @712 ‘
MIP-K-5 -1 M LT2TPO4 FCPTE2
s ) TiBHTz - X irateos | @ Rervegiceny
] -cPT34 F-CPT83 X
F-F312 Nl ®

A LT2XBHO2A, :
LT2BH10

F.CPTE6

F-CPT45

SES2SyV701
5%
F-TRTOS 5

FCPTOTT e,

FCPT.GT46 F-CPT-GT48

LT2BH GH1
LT2TP17 MIP-RT) o 4 R D F-BHS03A
54 UVOST-R5UVOST-RE F-CPTEVOSTRI  TIP-ase @
= %-V-S ) FCPTOTIe, L F-BH506;
@ SLrz8rizs LrzBitey MIPsS11 e » .
UVOST-V-5 &MIP-V-‘I ®®mgH A Bprri | MIPSTS D A g o e
BH102 MS ChMIP-UtH T2TPO7 $F-eu9_§MIP-SZO. R_\MIF—RZS ®®LTZBH22
- @ @rcrrem: B oo DHPB15 O @LIZBHI3A | D
= FepTio
® aMezs _cPTOS @ FFBIO MIP-U20 roridy
QUVOST-Zfs  wip-21 | = MIPYS & FCPTOS 7y Fommo,
by —— 2
s <) ~ 4
¢ N MIP-Y 11 £ F-cpTes
MIP-ZC5 i [T2BHIS, ‘,‘; P
ZEVOST-ZC-5 - 8 ' MIP-Y16
5 7
UVOST %‘ffﬁa p: TT2BH16 - CPTeT
B i Je Q
i F-BH23. ———
e F.ceTis S 5 e S oprasl T28H23 SBHA03MS
"cr T 661 re L@t (4] @ F-CPT21
FeFToIRy ¢t K F-CPT24
FBH28 FCPTSE F-CPT40 1
F.CPT-GTEY F0s08 ol i I
__LT2TH4 LT2BH T8O - Bhre12 \ e
X rorzr_SES2SWR20 S ¥
® FBHA0. F.CPT47 - o4
™ ® B Lreniog)
®
F-BH32
2]
SE52SW322

chgsm

LT2TP13
%

. MW515
®

GENERAL LOCATION PLAN

GENERAL LOCATION PLAN SCALE

0 1.26 25 5

PLAN SCALE:

0 20 40 80
Legend:

Historical Locations
@ Borehole (BGS)

@ Borehole

[ Trial Pit

@ Borehole (Fugro)
CPT (Fugro)

@ Borehole
Geophysical Lines

q

Geophysical Anomaly
iz}

Confirmed Features

Site Boundary
=l

Notes:
1. Inset map provided by ESRI UK
3. Sheet size: A3

3. Coordinate system: British National Grid

76

www.fugro.com



& ~LT2BHO7

T FFB15 p BF-CPT-GT40
BH709 F-CPT48 WMVi08 F-WSt
_BHT02 G . Y LT2TP@ o N
® 5 - _ LT2PBHO3
F-BH31
F-BH2
_LT2TP02 LT2PBH02 ®
FcPT-GT21cF_C§TT:§T722:E < o F.cPT33 LT2PBHO
A LT2PBHO4 '
F-CPT-GT21A | T2PBHO1 (+1
BH710 BH716 &
(O} o F-BH26 F-BH602
_ BH703D F-CPT-GT37AF-CPT-GT37 ® S Y- ~LT1BH71
3 i ra el F-CPT-GT73 F @
i b LT2BH02 @ LT28H04: FWs01
= ¢ FCPT04 F-BHO2 | L FBHOT _ T-BHOTA —_y LT2BHO4
@ CPT12  BH717 A F-CPT-GT25 Ay S——r
G (-] @ ® sl s F-BH10 :F cﬂ' T12a  LT2BHOS ‘F-CPTS4 .
F-CPT:GT108F-CPT-GT10 FCPT-GTHE gyop  F-BHOIC
5 S MIP-AMaaF-CPT-GT10C A .F 2| @
BH N24/024 . MIP-B7 CPT-GT10A
=, & F-CPT-GT72. . LT2TP03 F-CPT-GT28
UVOST-GsMIP-CS o Miplca » > il - L527R0s
L3} {@UvosT-co. | F-BHOS ) Z
Mwaty BH705 MIP-D3 MW7 11 ® F-CPTO1
“ @1 F-FB14 N LT1BH72 F-CPT63
UVOST-ESMIP-ES, ‘ S
MIP-EQ =
=) UVOST-E9 LT2BHO8 g e F-CPT34

F-CPT-GT32AF-CPT-GT32
A

Al Cross Soation Scalo:

Cegth (rOD}
8
| o

8

01 500 e 1520

ericon Distance ()

|
Cepmaoo)

i

ki

[ gl pul B N Rop B B N B N PEgoy ey N |

Stratigraphy Index
TOPSOIL
MADE GROUND
BREIGHTON SANDS
GLACIOLACUSTRINE
GLACIOFLUVIAL SAND UPPER
GLACIOFLUVIAL CLAY UPPER
GLACIOFLUVIAL SAND LOWER
GLACIOFLUVIAL CLAY LOWER
GLACIOFLUVIAL GRAVEL
INFILL MATERIAL
RESIDUAL SOIL OF ROXBY
ROXBY
WEATHERED BROTHERTON
UPPER COMPETENT BROTHERTON
FRACTURED AND VUGHY BROTHERTON
LOWER COMPETENT BROTHERTON
UPPER GREY EDLINGTON
LOWER RED EDLINGTON
DE-DOLOMITISED CADEBY

CADEBY

0 75 150 300 ‘5'0'1“"’
PLAN SCALE:
0 5 10 20 30 40
Legend:

® CP

® CP&RC

A CPTu

®  Dynamic Sampler

X Flux Box

@ Hand Dug Trial Pit
A Siesmic CPT

& Existing Locations

Section Lines

Notes:

1. Sheet size: A3

2. Coordinate system: British National Grid
3. Vertical Exaggeration x3

7

www.fugro.com



Integrated Geophysics and Targeted Boreholes

deI iterations

.\-‘. meetings
gl ee
AN

\ ple availability

geotech lab 18
schedules

www.fugro.com



ldentified Geohazards

79 www.fugro.com



Thank you...

Questions?

c.coleman@fugro.com




