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AIMS:
- Help unlock our natural resources.
- Contribute to securing supply of

energy and safe water. e
- Educate and improve understanding O o

of geosciences.

Platform 1 Platform 3
Geophysical 3D Ireland
Sensing, Data Onshore

How do we de-risk exploration for resources?
- Better descriptions of the geology.

& Imaging

- Improved understanding and models of the
geology and related processes.

- Innovative techniques for predicting the location
and nature of resources.

- Improved methods for optimising the production
of resources.

ation Ireland (SF) under

European Regional
Development Fund

n
2 E
E Uni D - . 5 NUI Galway casass
uropean uUnion DURLN i 5 S t e —
p —~L o oty el = 0| OF Gaillimh
" Y The U ity of Dublin a Oublin instgue for sdvanced studies L evtnsse ans P D etasasss Avzanrs



@ Unlock Ireland’s natural resources

ThemReal Mapwgf Ireland -
In 2006 the geoscience Vel =
sector employed 1.4% of
total employment, but
added 3% of GNP (€4.6
billion) to the economy.

Geosciences, Gaining Ground,
DCENR (2007)
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Unlock our natural resources
@ ICRAG will help industry discover new
mineral 0’6,005 /ts - only two remaining mines in Ireland

The availability of raw materials
is a critical requirement for
many industries in Europe.

Ireland is the largest producer
of Zn in Europe and has
significant ECE potential, which
underpin the future world
energy sector (€1bn/yr market).

The combined direct, indirect
and induced impact of mining-
related expenditures was ca
€810 million in 2012,

Indecon Rpt, 2013

Post-Carboniferous
Namurian-Westphalian

=

=

[ Dinantian

3 Old Red Sandstone

Il Caledonian Granite

=3 Silurian

Hl Ordovician
Precambrian-Cambrian
Mine - open
Mine - closed

SPOKE 1:
Raw
Materials
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Unlock our natural resources
ICRAG will help increase success rate of
gri oundwater ex ,U/Of ation — for communities and industry

Water-hungry industry sectors
such as agri-business and high =
tech, demand a secure and safe '-

supply of water. L L H I

An increasing amount (18% and
rlsmg) Of water comes from Glanbia plant, Co. Kilkenny requires water
subsurface groundwater, whilst equivalent of a 30,000 people town - all
SUI’fCICE water sources are more provided by subsurface groundwater
vulnerable to drought and pollution.

SPOKE 3:
Security of supply of clean water to the public is critical Groundwater

and requires better understanding of hydrogeology and
groundwater systems.
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Unlock our natural resources
@ ICRAG will help increase the success rate of
hydrocarbon exploration in offshore NW Europe

NW Europe has great hydrocarbon 2% apssmeasn
potential - with the oil sectors of @& 0 O
Britain and Norway the biggest
investors in their economy.

Ireland’s success rate is lower.

If iCRAG research provides a
marginal improvement in

A / 24 oF

The probability of wells fnaking

exploration success it will have a a commercial discovery:
major economic impact. UK - 17%
Norway - 14%
Ireland - 3%

Five commercial oil/gas discoveries would yield €22 billion in
corporation and PPRT tax over the life of the fields, and would
produce over 12,000 jobs. PWC report, May 2013
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Education and training for geoscientists &
@ Improved geosciences information to decision
makers and the general public.

Public perception and understanding can be a major challenge to
geoscience sector projects — support and information is important.

Ireland imports 95% of its fossil fuels,
with 15% of our electricity generated

from coal mainly from Columbia and
Poland.

Shell’s Corrib gas discovery project is
10 years behind schedule because of
public acceptance issues: since 2006 it

Platform 4

has led to €1 billion spend with 300 kb - ST S

¥ '\, | Understanding of

Irish companies and more than 1000 £ Geoscience
people employed.
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WITH

Critical mass for Irish Geosciences.

International leader in broad range of
Applied Geosciences.

Increased EU and industry
funding.

Sustainable Centre of Excellence.

The portal for industry.

Secure maximum benefit for Ireland
from confronting the key economic
and societal challenges of the
Geosciences.

OO OO

!C.""
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Balz Kamber

John Walsh
Funding: Jointly funded by Science Foundation SPOKE 1:
Ireland (€18 M) and industry (€8M) M:t:i’als
People: 150 researchers, with funding for 52 PhDs,
8 MSc, 41 Post-Docs, 2 Technical, 6 Ops staff
Term: 1%t January 2015 start for 6 years Pattom 4 E::zslr(‘:":::;

Understanding John Walsh
of Geoscience

SPOKE 2: SPOKE 5:
Marine OpiDat:
Geoscience Platform 1 Platform 3 BIG Data
Peter Croot Geophysical 3D Ireland
Andv Wheel Sensing, Data Onshore
. Chris Bean Platform 2 John Walsh
5 spokes linked to National Centre
. . . for Isotope
different application Geochemistry
areas, built around 4
bli hnoloai SPOKE 3: Balz kamb SPOKE 4:
enabling technoiogies — Groundwater Staez h:rrmnDaeIr Hydrocarbons
and equipment —based P Y
Platform projects. :
f proj Laurence Gill Peter Haughton
Frank McDermott Pat Shannon
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PETROLEUM INDUSTRY

TUH.OI.U

E)j(onMobll

Chevron @

Shell

PIPCO, an alliance of 1 7

companies, including majors.

GROUNDWATER INDUSTRY
GEOSCIENCE ’ ?}awn

NRKS

AntUMamBulh’e

S TOBIN

CONROY

Statml

SLR¥

MINERAL INDUSTRY

‘BOLIDEN z'_f_n.‘_e_?f{_;g_c_‘z'qn_aﬁ ithium corp.

Treva li

Teck

lundin mining

= srk consulting

GOVERNMENT ORGANISATIONS

petroleum Giairs division

- ireland .,
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TEAM

s UCD
mmm TCD
Platf 4
DIAS public
mmm NUIG TITE S
s NUIM
L |
_ UCC Platform 1 Platform 3
BN Teagasc Geophysical 3D Ireland
Sensing, Data Onshore
& Imaging

The centre will include 54 PhD
students, 8 MSc students, 43
Postdoctoral level researchers, and
6 members of the Operational
Management team directly
supporting the research
programme team.
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iCRAG’s AMBITION

To achieve international excellence in applied
geoscience research in full range of application

areas - requires scale and a multi-disciplinary
approach.

from one discipline or industry, combined with

@ State-of-the-art methods, sometimes borrowed
technical insights, potentially arising from another.
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To provide cohesion and

@ scale for the Irish
Geoscience community
and portal for industry.

Platform 4
Public

Understanding of

Geoscience

Platform 1
Geophysical
Sensing, Data
& Imaging

Platform 3
3D Ireland
Onshore

SEISMIC DATA
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To improve the quality and
@ guantity of research through

targeted Technical and

Operational Support.

Platform 4
Public

Understanding of

Geoscience

Platform 1
Geophysical
Sensing, Data
& Imaging

Platform 3
3D Ireland
Onshore

GEOCHEMISTRY
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To increase non-Exchequer
@ funding and guarantee the

long-term growth and

sustainability of iCRAG.

FLUID FLOW

Platform 1
Geophysical
Sensing, Data
& Imaging

Platform 4
Public

Understanding of

Geoscience

Platform 3
3D Ireland
Onshore

ICRAG
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8 TACs (one for each Spoke/Platform)
2 O ] 5 Comprising up to 9 external experts: industry,
government and academia. Plus spoke leaders.

@ Technical Advisory Committees (x8): December 2014

@ Project descriptions (x 54): 7th January 2015

@ TAC meetings: February 2015

@ Project decisions: March 2015 o2
Of the 54 projects, linked to 54 people, earmarked for 2015 start, =z,

35 Investigators of 46 associated with 2015 projects (25 as PIs). s e

44 positions proceed to recruitment (24 Post-Docs, 17 PhD, 1MSc, 2 Technical staff).
Remaining positions — (18 Post-Docs, 35 PhDs, 7 MSc).
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Spoke 4:

Project: TP4.1: Sediment tracking

Hydrocarbons Project: TP4.2: Basin evolution and petroleum systems

Leaders:

Peter Haughton (UCD)

Pat Shannon (UCD)

SPOKE 1:
Raw
Materials
Platform 4
Public
Understanding of
Geoscience
SPOKE 2:
Marine
Geoscience Platform 1
Geophysical
Sensing, Data
& Imaging
Platform 2
National Centre
for Isotope
Geochemistry
SPOKE 3:
Groundwater

Project: TP4.3: Reservoir modelling and software development
Project: TP4.4: Unconventional hydrocarbons

Project: TP4.5: Global subsurface training centre

Links with:

SPOKE5:
i e @ Raw Materials - Fractured reservoirs
o @ Groundwater - Fracture-related flow
@ Marine - sea bed/environment
Hydrorasbons
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Hydrocarbons Spoke (TP4)

TP4.1 i TP4.2 |
Sediment tracking Basin evolution/petroleum systems
- New provenance tracers o - early rift architecture/young rifts
- modern sand dispersal and mixing - fault characterisation and structural evolution
- sedlm_ent volumes/partitioning - stratigraphic onlaps and traps
= _recycllng - hyperextended basins and their fills
- impact on RQ - stratigraphy at the continental-oceanic transition
- thermal history/migration modelling
\ J
- I
TP4.3
: N 4 )
Modelling and imaging 1P4.4

- hierarchical depositional modelling
- well and seismic conditioning

- software development

- reservoir monitoring using OBC/OBS - gas hydrates

8 y \ J

Unconventionals

TP4.5
Training and outreach

- development of Clare training resource
- public engagement
.

J
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TP
4.1

4.1

4.2

4.2

4.2

4.2

4.2

4.2

4.3

4.3

4.4

4.5

Hydrocarbon spoke projects — 12 ratified for 2015 start

Pl
Shane Tyrrell (NUIG)

Shane Tyrrell (NUIG)

Peter Haughton
(ucb)

Conrad Childs (UCD)

Peter Haughton
(ucb)

David Chew (TCD)

Peter Haughton
(ucb)
Conrad Childs (UCD)

Tom Manzocchi
(ucb)

Tom Manzocchi
(ucb)

Michael Max (UCD)

Peter Haughton
(ucb)

Co-PI(s)
Haughton; Chew; Daly;
Shannon; Meere

Haughton; Chew; Daly;
Shannon; Meere

Shannon; O'Reilly; Welford

Walsh; Shannon

Manzocchi; Shannon; Davies

Gallagher; Tyrrell; Stuart
Shannon; Childs
Walsh; Shannon
Haughton; Childs; Walsh;

Jackson
Haughton; Childs

Shannon; Pulham; Davies

Project title
Development of novel sediment tracers: validation and application of
conventional and new provenance proxies

Development of novel sediment tracers: investigating the primary controls on
reservoir sandstone quality

Crustal and sedimentary architecture of hyperextended basins

The kinematics of fault systems in offshore Ireland — implications for fault
related trapping and leakage

Controls on clay distribution at bed-level in deep-water sandstones and
implications for permeability and hydrocarbon drainage

Determining the Mesozoic—Cenozoic thermal history of the Irish offshore
basins and the Irish mainland

Characterisation of deep-water stratigraphic traps developed across the syn-
rift to post-rift transition in Atlantic-margin basins

Structural and kinematic analysis of the Celtic Sea basins - exploring links
between evolution and traps

Hierarchical compression-based reservoir modelling conditioned to seismic
and well data

Hierarchical sedimentary characterisation and modelling of submarine
channels

Commercialization of Natural Gas Hydrate: geological attributes,
environmental factors, and new exploration and production technology
Development of Clare Subsurface Training Centre and securing the long-term
future of Clare-based applied geoscience training

PhD/PD Yrs
PD 4
PhD 4
PD 4
PD 4
PhD 4
PD 4
PhD 4
PhD 4
PhD 4
PhD 4
PD 3
PD 3

IRISH CENTRE FOR
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Hydrocarbons Spoke (TP4)

TP4.1
Sediment tracking

- new provenance tracers

- modern sand dispersal and mixing

- sediment volumes/partitioning
- recycling
- impact on RQ

-
w
s

207 P04 Ph
&
ha

@ Cretaceous B3/20-sb01
© Cretaceous 16/28-sb01

| & Triassic Group 2

& Tnassic Group 1
@ Other Triassic

¢ Crefaceous 83/20-sb01
© Cretaceous 16/28-sb01

|® Jurassic Group 2

g Jurassic Group 1
O Other Jurassic

Tyrrell, S., Haughton, P. & Daly, J.S. 2007. Drainage reorganization during breakup of Pangea revealed by in-situ isotopic analysis of detrital K-

feldspar. Geology, 35, 971-974.

13 15 20|

18 19

2
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Hydrocarbons Spoke (TP4)

TP4.1
Sediment tracking

- new provenance tracers

- modern sand dispersal and mixing
- sediment volumes/partitioning

- recycling

- impact on RQ

1
Labrador Sea

o
Qs

b3

\

P —_—
\
North Atfantic Ocean

| \
| \

\

Basement affinity
of continental crust

l:l Archean
|:| Proterozoic |
[ proterozoic I
- Avalonian
I:l Variscan

Basins with
bathymetric
expression

- Crustal
sutures

@® Sampled
well(s)

205‘(“ aen"

1070

Develop sediment tracking techniques and

associated

predictive
sandstone distribution and quality.

tools

for

reservoir
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Hydrocarbons Spoke (TP4)

TP4.1 i TP4.2 |
Sediment tracking Basin evolution/petroleum systems
- New provenance tracers o - early rift architecture/young rifts
- modern sand dispersal and mixing - fault characterisation and structural evolution
- sedlm_ent volumes/partitioning - stratigraphic onlaps and traps
= _recycllng - hyperextended basins and their fills
- impact on RQ - stratigraphy at the continental-oceanic transition
- thermal history/migration modelling
\ J
- I
TP4.3
: N 4 )
Modelling and imaging 1P4.4

- hierarchical depositional modelling
- well and seismic conditioning

- software development

- reservoir monitoring using OBC/OBS - gas hydrates

8 y \ J

Unconventionals

TP4.5
Training and outreach

- development of Clare training resource
- public engagement
.

J
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Hydrocarbons Spoke (TP4)

Rockall Basin Macdara Basin Porcuping High
SE

TP4.2
Basin evolution/petroleum systems
- early rift architecture/young rifts
e = - fault characterisation and structural evolution

- . - stratigraphic onlaps and traps

' - hyperextended basins and their fills
- stratigraphy at the continental-oceanic transition
- thermal history/migration modelling

[ ] \ IRISH CENTRE FOR
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Hydrocarbons Spoke (TP4)

TP4.2

Basin evolution/petroleum systems
- early rift architecture/young rifts
- fault characterisation and structural evolution
- stratigraphic onlaps and traps
- hyperextended basins and their fills
- stratigraphy at the continental-oceanic transition
- thermal history/migration modelling
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I \ RESEARCH IN APPLIED
A \ GEOSCIENCES



. /
iICRAG |\ — -
IRISH CENTRE FOR RESEARCH T [marginal slope] _
IN APPLIED GEOSCIENCES rotation TP4.2
r-—-— % - -
bottgg‘tlisiLtJ;rentJ 7 \ Basin evolution/petroleum systems

~
S/

w I ———— '. - early rift architecture/young rifts
f_/gf-iff - fault characterisation and structural evolution
e — / " - stratigraphic onlaps and traps
mu // - hyperextended basins and their fills
— . xt//f:é - stratigraphy at the continental-oceanic transition

<> e \ - thermal history/migration modelling
' A\ 0? O \ y,
schematic

—= sediment Supplﬂ
— [ Late Focone [ Permo-Trissic
heat flow and thermal history | — o .
followi ng hyperextension? Igneous intrusions/flows D Cretaceous I:l Carboniferous
[ ] Late Eocene-Recent |:|Jurassr'c I:l Basement

TP Pl Co-PI(s) Project title PhD/PD Yrs
4.2 Peter Haughton Shannon; O'Reilly; Welford Crustal and sedimentary architecture of hyperextended basins PD 4
(ucb)
4.2 David Chew (TCD) Gallagher; Tyrrell; Stuart Determining the Mesozoic—Cenozoic thermal history of the Irish offshore PD 4
basins and the Irish mainland
4.2 Conrad Childs (UCD) Walsh; Shannon The kinematics of fault systems in offshore Ireland — implications for fault PD 4
related trapping and leakage
4.2 Peter Haughton Manzocchi; Shannon; Davies Controls on clay distribution at bed-level in deep-water sandstones and PhD 4
(ucD) implications for permeability and hydrocarbon drainage
4.2 Peter Haughton Shannon; Childs Characterisation of deep-water stratigraphic traps developed across the syn- PhD 4
(UCD) rift to post-rift transition in Atlantic-margin basins
4.2 Conrad Childs (UCD) Walsh; Shannon Structural and kinematic analysis of the Celtic Sea basins - exploring links PhD 4

between evolution and traps
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Hydrocarbons Spoke (TP4)

TP4.1 i TP4.2 |
Sediment tracking Basin evolution/petroleum systems
- New provenance tracers o - early rift architecture/young rifts
- modern sand dispersal and mixing - fault characterisation and structural evolution
- sedlm_ent volumes/partitioning - stratigraphic onlaps and traps
= _recycllng - hyperextended basins and their fills
- impact on RQ - stratigraphy at the continental-oceanic transition
- thermal history/migration modelling
\ J
- I
TP4.3
: N 4 )
Modelling and imaging 1P4.4

- hierarchical depositional modelling
- well and seismic conditioning

- software development

- reservoir monitoring using OBC/OBS - gas hydrates

8 y \ J

Unconventionals

TP4.5
Training and outreach

- development of Clare training resource
- public engagement
.

J
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Hydrocarbons Spoke (TP4)

LOCALITY 9: Kilbaha Bay

20 /: T 20
rd
15 15
£ 4
Em- S0
= =n = = €
i i T =
KB12E H’.BlilaE KB14E
KBIWarow KB9W kpew KBTW wagw KBSW gy KBIW wpaw KBIW ypop KBIE oy . KBAE  ypsekBeE  KBTE  KBEE  KBSE  KB10E  NBIIE
0 . T
8 160 200 3B ado 560 660 °
oew o dMBtAre meters
[t = Em = v o)
- ™

Modelling and imaging
- hierarchical depositional modelling
- well and seismic conditioning
- software development
- reservoir monitoring using OBC/OBS
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Hydrocarbons Spoke (TP4)

1 ]
| 2
o gg 1 [m Proximal fan
e | |eMdfan e o
= 0.7 4 . P
2 06 1 |mFanfringe
® 05 " ®
=~ | other s 0y
o 04 T
= |
E 03 7 /’,“’.. . . . . d
£02 - b o o ®
€014 " Tl
b &
o) % m 1 puigmus |
- ~ 0 01 02 03 04 05 06 07 08 09 1
TP4.3 Net:Gross
Modelling and imaging . —— = .
- hierarchical depositional modelling ] i i
- well and seismic conditioning gl I ] L ;
- software development B = ,
- reservoir monitoring using OBC/OBS e e o S et T T
. - TR [ Jeei r_.—:'__.m'_.";:‘::-. -*.7._17;* m=
TP PI Co-PI(s) Project title PhD/PD Yrs
4.3 Tom Manzocchi Haughton; Childs; Walsh; Hierarchical compression-based reservoir modelling conditioned to seismic PhD 4
(ucb) Jackson and well data
4.3 Tom Manzocchi Haughton; Childs Hierarchical sedimentary characterisation and modelling of submarine PhD 4
(ucb) channels
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Hydrocarbons Spoke (TP4)

TP4.1 i TP4.2 |
Sediment tracking Basin evolution/petroleum systems
- New provenance tracers o - early rift architecture/young rifts
- modern sand dispersal and mixing - fault characterisation and structural evolution
- sedlm_ent volumes/partitioning - stratigraphic onlaps and traps
= _recycllng - hyperextended basins and their fills
- impact on RQ - stratigraphy at the continental-oceanic transition
- thermal history/migration modelling
\ J
- I
TP4.3
: N 4 )
Modelling and imaging 1P4.4

- hierarchical depositional modelling
- well and seismic conditioning

- software development

- reservoir monitoring using OBC/OBS - gas hydrates

8 y \ J

Unconventionals

TP4.5
Training and outreach

- development of Clare training resource
- public engagement
.

J
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Hydrocarbons Spoke (TP4)

TYPES OF METHANE HYDRATE DEPOSITS

Arctic methane hydrate
deposits above and below
lower limit of permafrost

Drilling rig
Drill ship _

Hydrate mounds
on seafloor

Elliott et al. (2010)

4 )
TP4.4

Unconventionals

- gas hydrates

U )
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Hydrocarbons Spoke (TP4)

TP4.1 i TP4.2 |
Sediment tracking Basin evolution/petroleum systems
- New provenance tracers o - early rift architecture/young rifts
- modern sand dispersal and mixing - fault characterisation and structural evolution
- sedlm_ent volumes/partitioning - stratigraphic onlaps and traps
= _recycllng - hyperextended basins and their fills
- impact on RQ - stratigraphy at the continental-oceanic transition
- thermal history/migration modelling
\ J
- I
TP4.3
: N 4 )
Modelling and imaging 1P4.4

- hierarchical depositional modelling
- well and seismic conditioning

- software development

- reservoir monitoring using OBC/OBS - gas hydrates

8 y \ J

Unconventionals

TP4.5
Training and outreach

- development of Clare training resource
- public engagement
.

J
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Hydrocarbons Spoke (TP4)

TP Pl Co-PI(s) Project title PhD/PD Yrs
4.5 Peter Haughton Shannon; Pulham; Davies  Development of Clare Subsurface Training Centre and securing the long-term PD 3
(UCD) future of Clare-based applied geoscience training
[

i £ 20 km TULLIG

7 Statail £ o 23 / e bl '
R e |

@ p Ef . ,\ e c GULL ISLAND

S

11-CE-UCD-06 o {64 m|
11-CE-uCcD-08

Hagd ——

Bndgos of P\u%:’/
ﬂl .
T-CEUCDTABCD — e Rinovella  10.CE.UCD-04
Kitba x li m

g # jocEucoo @

Central Clare Group

P Gl T
ATLANTIC - 183 08 GEAICD-02
2 Z Carighaholl
OCEAN mb‘!c!ummr‘miﬁj_j%@ e
T Ross:
&

Feinl

o M—«_W

# Completed borehales {with drilled depth in metres)

Peter Haughtor,

ROSS SANDSTONE

CLARE SHALE

TP4.5
Training and outreach
- development of Clare training resource

- public engagement
.
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Spoke 2:
Marine
Geoscience
Leaders:

Peter Croot (NUIG)
Andy Wheeler (UCC)

Project TP2.1: Marine acoustics

Develop novel and emerging techniques for imaging near sea floor structure using the ocean’s
background acoustic noise, removing the need to shoot seismic, and resulting in environmental
advantages and cost benefits.

Project TP2.2: Enhancing knowledge & understanding of Ireland’s seabed

Strategic evaluations of Ireland’s seabed pertinent to industry's needs and to evaluate seabed
geohazards, including landslides, which could negatively impact sea bed installations and pipelines.

Project: TP2.3: Marine remote sensing applications

New remote sensing tools for industry to aid in the economic development of Ireland’s offshore
regions and provide baselines for assessing GES, with development of a suite of decision making
software tools customized to Ireland’s offshaore regions for industry and policy makers.

Links with:

Hydrocarbons - seabed/environment

@ Raw Materials - sea bed aggregates

@ Geophysics, Geochemistry & 3D Model

@ \ IRISH CENTRE FOR
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Spoke 2:
Marine
Geoscience

Leaders:
Peter Croot (NUIG)
Andy Wheeler (UCC)

TP

TP 2.1

TP 2.2

TP 2.2

TP 2.3

TP 2.3

TP 2.3

PI Co-PI(s) Project title 7:3 Yrs

Chris Novel applicatior\s of broat_:l band n_ear sea floor

Bean M. White pressure/acgustlc monitoring for time lapse PD 2
remote sensing of sea-bed processes

Andy X. Monteys; S. Quaternary Seismostratigraphies of Irish Shelf D 2

Wheeler McCarron; J. Scourse Seas (QuSISS)

Andy A. Georgiopuolou; Q. Coral Carbonate Mound Archives for Submarine

Wheeler Crowley Canyon Exchange Processes (CoMA_CoP) hD 4

Peter Influence of natural biogeochemical controls on

Croot N/A primary productivity on the optical propertiesof PD 3
surface seawater

Peter Application of CDOM optical properties for tracing

Croot N/A natural and manmade surface slicks. PhD 4

Tim Marine Observation Platform & Slick Feature

McCarthy Ui Mapping PO 2

ICRAG
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Spoke 1:
Raw Materials

Leaders:
Balz Kamber (TCD)
John Walsh (UCD)

ODZ7T
9983
o =
Was‘ .
S&Es e
»

o« RDRO0DE
sfgie

------------

Some of our Raw Materials research have potential
implications for hydrocarbon-related studies.

« More than 50% of the world’s hydrocarbon
reservoirs are in limestones.

A major component of ICRAG’s raw materials
research concentrates on the world class Zn-Pb
Irish Orefield, in which mineral deposits are
entirely hosted by limestones.

« This spoke therefore provides an excellent basis
for examining fluid flow within limestones, with a
variety of potential implications for hydrocarbon
studies including:

(i) Fault/fracture controlled fluid flow.
(i) Regional dolomitisation
(ii) Fault/fracture geometries within limestones.

@ ‘\‘IRISH CENTRE FOR
I A N\ RESEARCH IN APPLIED
A . GEOSCIENCES




Selected raw materials projects with relevance to hydrocarbons

TP Pl Co-PI(s) Project title PhD/PD Yr
. Sean Delineating hydrothermal Zn-Pb
S po ke ] - TP1.1 McClenaghan B. Kamber signatures along fault structures of the PhD 4
. g Rathdowney Trend, Southwest Ireland.
Ra V174 Ma Z'er/a/S C. Childs; T. Structural evolution of Lower
TP1.1 John Walsh Manzocchi; A. Carboniferous faulting and its links to PD 4
Soden fluid flow and mineralization
Sean Characterizing orogenic vein systems to
Lead ers: TP1.2 McClenaghan D.Chew fer?r?:ets gold exploration across Irish PhD 4
Balz Kamber (TC D) P. Muchez; J. Metallogenesis of Cu deposits hosted in
JOh n Wa| S h (UCD) TP1.2 Pat Meere Eln.r;:lrd; R. (L;ppf(.arlgevoman and in Southern Zn-Pb ~ PhD 4
nitt; refie
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7 Major fault *_
B Crcbody o
0 Overburden

(i) Fault/fracture controlled fluid flow.
(i) Regional dolomitisation
(i) Fault/fracture geometries within limestones.
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Spoke 3:
Groundwater

Leaders:
Laurence Gill (TCD)
Frank McDermott (UCD)
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Project TP3.1: Geological & climate change impacts on

groundwater quantity
Project TP3.2: Land-use & climate change impacts on

groundwater quality

Nearly 20% of Ireland’s water requirements are
derived from subsurface groundwater within
limestone bedrock, characterised by strong
fracture and karst controlled groundwater flow.

This permits investigation of the highly
heterogeneous nature of flow within limestones,
using methods which are sometimes applied in
the hydrocarbon industry, including:

() Quantitative parameterisation of fault/fracture
controlled fluid flow within limestones.

(i) Development of karst within limestones.

(i) Karst-controlled groundwater flow.
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Selected groundwater projects with relevance to hydrocarbons
TPPL CoPlls)  Projecttitle
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M / M / / e (|) Quantltatlve parameterisation of fault/fracture
/M/M 3 controlled fluid flow within limestones.

o mom (i) Development of karst within limestones.

(ii) Karst-controlled groundwater flow.
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Platforms:

Leaders:

Chris Bean (UCD)
Stephen Daly (UCD)
Balz Kamber (TCD)
John Walsh (UCD)

SPOKE 1:
Raw
Materials

Platform 4
Public
Understanding of
Geoscience

Platform 1: Geophysical sensing, data and imaging

Provide cohesive physical, technical and knowledge-based sensing, data & imaging
infrastructure for iCRAG research. Perform research and provide support on a broad range
of geophysical techniques, though specialising in seismic methods in particular.

Platform 2: National Centre for Isotope Geochemistry

Support the geochemical analytical requirements of iCRAG research, and develop methods
for efficient disaggregation and petrographic characterisation of rock samples (ores,
reservoir sandstones etc.) prior to chemical and isotopic analysis.

Platform 3: 3D Model Ireland

Common datasets are unique national archives for research in different sectors (e.g.
groundwater and mineral deposits are in the same rocks). Using archive mineral
exploration/production data, together with geological and geophysical data supplemented
by Geological Survey of Ireland (GSI) and Exploration and Mining Division (EMD), will
generate a 3D Geological Model of the Irish Carboniferous on a broad range of scales.

Platform 4: Public perception and understanding of geosciences
Since public perception and understanding can be a major challenge to geoscience sector
projects, this platform will investigate this issue and provide support and information on
Geosciences to facilitate decision making by the public and by policy makers.

SPOKE 2: SPOKE5:
Marine OpiDat:
Geoscience Platform 1 Platform3 BIG Data Links with:
Geophysical 3D Ireland "
Sensing, Data Onshore
& Imaging AI I k h
SPpOKe researc
Platform 2
National Centre
for Isotope
Geochemistry
SPOKE 3: SPOKE 4:
Groundwater Hydrocarbons
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Platforms:

Leaders:

Chris Bean (DIAS)
Stephen Daly (UCD)
Balz Kamber (TCD)
John Walsh (UCD)

SPOKE 2:
Marine

Geoscience Platform 1
Geophysical
Sensing, Data

& Imaging

SPOKE 3:
Groundwater

SPOKE 1:
Raw
Materials

Platform 4
Public
Understanding of
Geoscience

Platform 2
National Centre
for Isotope
Geochemistry

Platform 1: Geophysical sensing, data and imaging

Provide cohesive physical, technical and knowledge-based sensing, data & imaging
infrastructure for iCRAG research. Perform research and provide support on a broad range
of geophysical techniques, though specialising in seismic methods in particular.

FWI enhances resolution in velocity model

SPOKE5:
OpiDat:
Platform 3 BIG Data
3D Ireland
Onshore
o
In this MW Australia FWl example, the left image shows the velocity field from
standard PSDM tomography, while the rightimage is the output from FWI.
This new level of detail has helped the operator improve resenvoir positioning
and optimize drilling decisions.
SPOKE 4:
Hydrocarbons @ All Spo ke research
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PI ath rms. Platform 1: Geophysical sensing, data and imaging
TP PI Co-PI(s) Project title PhD/PD Yrs
Sergei Seismic imaging with massive datasets
Geophysics & using sparsifying transformation PD 4
Lebedev
methods
_ Gl | @iis B P. Bromirski; P. Developr’r.1ent of n0|§e corrc'elatlon PD 3
Current projects -> Jousset methods in the marine environment,
(seeding technological P. Haughton, C.Childs, Provide IT Support for Platform and
Geophysics John Walsh ~ A. Georgiopoulou, T. Spoke projects involving Seismic T
development) ; ' position

Manzocchi, M. Max

Future proposed positions (2xPD & 2xPhD) ->

interpretation and 3D modelling

Use to develop 3D geophysical
images using novel technology,

likely spatially co-incident with the
3D geological model built in
Platform 3 (3D model Ireland)

Why this?

(i) Developing new imaging methodology (of global significance)
(ii) Yielding Ireland’s first ultra high resolution shallow (top 1km) passive seismic images
(iii) Compare Geological and Geophysical models directly (rare opportunity)
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Platform 3:
3D Model/

Leader:
John Walsh (UCD)

B3 Post-Carboniferous
[ Namurian-Westphalian
=3 Dinantian

=1 Old Red Sandstone
El Caledonian Granite
=2 Silurian

Bl Ordovician

BN Precambrian-Cambrian
m Mine - open

o Mine - closed

= Prospect

Platform 3: 3D Model Ireland

Common datasets are unique national archives for research in different sectors (e.g.
groundwater and mineral deposits are in the same rocks). Using archive mineral
exploration/production data, together with geological and geophysical data supplemented
by Geological Survey of Ireland (GSI) and Exploration and Mining Division (EMD), will
generate a 3D Geological Model of the Irish Carboniferous on a broad range of scales.

This platform project investigates the Zn-Pb Orefield of Ireland, which is
hosted by Carboniferous limestones. Associated technical results will
therefore have some relevance for flow within limestones reservoirs.
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Platform:

Public Perception/
Understanding

PPU TAC members

SPOKE 1:
Raw
Materials

SPOKE 2:
Marine

Geoscience Platform 1 Platform3
Geophysical 3D Ireland
Sensing, Data Onshore

& Imaging

SPOKE 3: SPOKE 4:
Groundwater Hydrocarbon

SPOKE5:
OpiDat:
BIG Data

S

Platform 4: Public perception and understanding of geosciences
Since public perception and understanding can be a major challenge to
geoscience sector projects, this platform will investigate this issue and
provide support and information on Geosciences to facilitate decision
making by the public and by policy makers.

TP PI Co-PI(s) Project title PhD/PD  Yrs
Public TBD All Co-Pis and FIs  Public perception and Post-Doc 5
Perception/Understanding understanding of geosciences

Public TBD All Co-Pis and FIs Public perception and Post-Doc 5
Perception/Understanding understanding of geosciences

Together with Fergus McAuliffe (iCRAG Outreach and Education Officer)

 Formation of our TAC for PPU research

e Commissioning of systematic review by GSI
e Review, report and workshop

* Proposals for research
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ONOMONONO

2016

Review Project Descriptions: December 2015

New Projects: Up to 20 new hydrocarbon/marine-
related projects - starting in 2016

Industry Events: April and October 2016

Agreed and main sponsor signed.

Industry Reporting: Quarterly short reports and annual
technical reports.

Potential Spoke Additions: Proposal deadline end Q1 2016.
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Monday 27 October 2015
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