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10.00 - 11.00 Presentation session 1 - intertidal interventions
SARCC
Ecostructure
Independent - various south coast interventions
Questions
11.00 - 11.15 Refreshment break
11.15 - 12.30 Activity session 1 - intertidal case studies

12.30 - 13.30 Lunch

13.30 - 14.30 Presentation session 2 - subtidal interventions
Marineff
3DPARE
Independent - Exo Environmental

Questions

14.30 - 15.45 Activity session 2 - subtidal case studies
15.45 - 16.00 Refreshment break

16.00 - 16.45 Panel discussion

16.45 Close/ comfort break before travel to fieldsite
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Talk Content

 Cities and climate change

* Hybrid nature based solutions

« SARCC project

 Examples of hybrid nature based solutions
» Barriers preventing uptake

* Public perceptions




Climate Change and Coastal Cities

» Half of the world's population lives within 60 km of the ocean,
and three quarters of all large cities are coastal

* Erosion and flooding are hazards that threaten humans and
associated infrastructure in the coastal zone

» Climate change the frequency and severity of these hazards

 Mean Sea Level Rise (SLR) could increase by 1.5m-2.5m by
2100

» Costs linked to coastal flooding In Europe INncrease from

A, €1.25bn per annum currently to €961bn In just over 80 years
« = (European Commission, 2018)




Hard Engineering Solutions

e Effective flood and erosion control

» Costly maintenance
 Environmentally damaging
« Unforeseen consequences
* Large carbon footprint

» Poor aesthetics
s




Nature Based Solutions - NBS

« Nature based solutions are actions that
are Inspired and supported by nature
and are used to tackle sociletal services
challenges such as climate change
whilst providing both benefits to
humans and nature

 Examples include:
« Managed realignment
*Saltma rsh restoration - Often require large areas of coastal land

= Sand dune restoration
Mussel reefs

NBS provide additional ecosystem

i I




Hybrid NBS

« Space and low value land Is at a premium at urban coastlines

* |[n urban coastal areas, the right balance must be sought
between coastal defence and urban development

« HNBS is where NBS are integrated into hard infrastructure




Examples of HNBS

* Living Breakwaters Project — New York

* 600 ECOncrete Armor Blocks and 800
Tide Pools were integrated into the
project design to provide ecological
enhancement to support local species

S —

Econcrete Armour Blocks Vertipools — Artecology




SARCC

Y

 European funded project with partners in UK, France, Belgium
and the Netherlands

* The overall objective of SARCC (Sustainable and Resilient Coastal
Cities) Is to help mainstream nature based solutions (NBS) and

hybrid nature based solutions (HNBS) into coastal management
and policy making

B oble the urban partners to embed new techniques,
-—**thodologles and practices into coastal management and
= planning policies and demonstrate the value of NBS and share

Knowledge with other coastal urban landscapes




SARCC Pilots

There are 14 partners involved in the SARCC project and 7 pilots
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SARCC Pilot - Vlissingen

* Vlissingen is In a coastal urban area in the Netherlands

* The objective Is to focus on natural and green sustainable
measures, which in the long term will protect the urban area
against flooding during storms

» Sea defences can not be continuously expanded without
demolishing homes

» Defences desighed to overtop In large storms

« Storm water controlled and directed to water retention area




Exo & Environment Ageny Pilot

e Exo's Eco Rock Armour

« Complex surface textures that facilitate
biocolonisation

» Use recycled materials such as dredged
sediment

* 17% reduced total emitted carbon vs
conventional concrete

* Deployment of 12 75kg Eco Rock Armour
olocks In Newlyn, Penzance Cornwall

 Manufactured from local quarry by-
oroducts

IO NItoring In collaboration with
s Bournemouth University until autumn




Observations so far...

Bio-colonisation of pioneer floral biofilms
and later higher trophic organisms are well
underway. Species present mclude

Littorina saxatalis and Bladder wrack sea-
weed Fucus vesiculosus
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Implementation

Framework &
Monitoring Tool

Coming 2023

Barriers and the ° Aclearknowledge gap exists across coastal local
authorities to deploy NBS as a means to reduce future
need for SARCC coastal flood risk and economic damage

 SARCC WP1 studies the practical aspects of all stages of
the pilot projects in order to help mainstream the
implementation of NBS.




Commonly Perceived Barriers

» Cost

* Evidence

» Effectiveness
 ENngineering concerns
* |[Nnvasive species

* Public perceptions

HNBS are often not considered by
policy-makers in detaill due to the
perceived risks around costs,
potential for success, requirements
for immediate protection /
Improvement and uncertainties
regarding future change.



Evidence

Conservation Assessing the evidence | About us | Help

M Evidence sTUDIES IYSIEIN SYNOPSES

Search Actions by keyword or species Q

m “ £

Actions to conserve biodiversity

We have summarised evidence from the scientific literature about the

EVi d e n C e i S g r OWi n g i n effects of actionsto conserve wildlife and ecosystems.

Review the evidence from the studies

a C a d e m i C | ite ra t u re About actions Sources of evidence

* Slowly influencing public
opinions and policy makers Fene 4 hctlons found

Category + Order results by:  Number of stud e Relsvance Tite a
=20, Keywords +
) > |:| Action Effectiveness Studies Category
T - a2 Habitat +
: RO o D Create grooves andsmall protrusions, ridges or ledges (1- t . i
- = 50 mm) on intertidal artificial structures assessment ==
Threat +
y Manage or restrict harvesting of species on subtidal mam
Action type il I_I artificial structures AR
Country + D Transplant or seed organisms onto intertidal artificial vaiting 1 s
structures assessment ===
Refresh results (&}
|:| Transplant or seed organisms onto subtidal artificial ung | i
structures assessment ===

Ry



Conﬁon
Coastal protection
Improvement

~..Maintain S
Resource responsibility
Within oUr means
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rrrrrrrrrrrrrrrr

Living With nature
safetyRenewables ™
Conservation

[[[[[[[[

Long-lasting

Public Perceptions

* Online survey of different stakeholders in
areas where NBS projects have taken place
(North Norfolk, Cornwall and Isle of Wight)

« Overall, responses to HNBS/NBS were
positive. However, general knowledge of
these was low, even in areas with pilot studies
Involving NBS

» Stakeholders opposed to the higher cost
Implementation of NBS were primarily
business/landowners and decision-makers

* Projects need to collaborative approach to
bring views of stakeholders together




SARCC Interactive Visualisation Toolkit

https://sarcc.maritime
archaeologytrust.org/

HiILeIrey EE

éi:“éc”*" AT SARCC - Sustainable and Resilient Coastal Cities Interactive Visualisation Tool

Gravelines

What/where is the pilot?

Gravelines, a beautiful coas

L city located en Dunkirk and Calais, has a rich history,
not only in terms of architecture, but also in management of marine submersion and
floodings thanks to the “wateringues” system consisting of hundreds of kilometres of

canals.

The functioning of our pilot is simple : strengthening the existing dune. In order to create a

high enough natural wall again

the dangerous combination of waves and high tide

developed a simple s y traps the sand, thanks to wooden fences. While

sand mulates around t

mall vegetation t o grow in the sand and in

turn reinforces the thickness and

tability of the dune

Why is the pilot needed and what are the benefits?
How is the pilot using Nature-Based Solutions?

Then and Now

Click the thumbnaits bel

s to compare historical images with modern photographs.




NBS Guidance

Booklet

Coming 2023

SARCC WP2 —

Ca p 3 C|ty * Summary of the activities undertaken in the capacity building programme.
. . * Content on scientific evidence, historic trends, technical solutions and
B Ul | d N g business models.

 Aimed at decision makers



SARCC Final Conference

» Closing conference taking place on the 6th-8th of December,
2022 in Southend on Sea,

* you are all invited to participate in celebrating the
achievements of SARCC and it's project partners

* Online tickets:
» https://www.sarcc.eu/sarccfinalconferencebooking

e Book tickets below —

6th - 8th December 2022, Southend on Sea, England
Sign up for the online live-stream on our website too
/\ I

IIIIIII

- Conference live-stream

In person, you can still be just as Involved In the
H or to recelve the live-stream link sign up
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Ecostructure: eco-engineered concrete panels based
on natural topography.

Joe Ironside?, Liz Humphreys?, Pippa Moore?, Ally Evans?, Melanie Prentice!, Morag Taite?!, David Wilcockson?, Harry Thatcher?, Paul Shaw?,
Hannah Earp?, Sarah Dalesman?, Peter Robins?, Simon Neill?, Simon Karythis?, Sophie Ward?, Stuart Jenkins?, Liz Morris Webb?, Peter Lawrence?,
Andrew Davies?, Siobhan Vye?, Alice Goward Brown?, Tim D’Urban Jackson?, Jonathan Demmer?, Nick Woodhall?, Ruth Callaway3, John Griffin3,
Tom Fairchild3, Kathrin Kopke*, Amy Dozier?, Maria Del Camino Troya Bermeo?, Ellen McMahon?, Christian van den Bosch*, Sophie Power?, Jeffrey
Black?, Sarah Culloty?, Owen Mclintyre*, John O'Sullivan®, Ciaran McNally>, Atteyeh Natanzi®>, Md Salauddin®, Jennifer Coughlan®, Jens Carlsson®,

Nettan Carlsson®, Paul Brooks®, Sonya Agnew®, Tomas Buitendijk®, Bryan Thompson®, Laura Gargan®, Veronica Farrugia Drakard®, Aoife Corcoran®,
Philip Crowe®, Ed Gallagher®, Emily Cassidy®, Tasman Crowe®

linstitute of Biological, Environmental and Rural Sciences, Aberystwyth University, Aberystwyth SY23 3DA, UK; 2School of Ocean Sciences, Bangor
University; 3College of Science, Biosciences, Swansea University; “MaREl, the SFI Research Centre for Energy, Climate and Marine, Environmental

Research Institute, University College Cork; °School of Civil Engineering, University College Dublin;®Earth Institute and School of Biology and
Environmental Science, University College Dublin

=
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Programme
2014-2020

UNDEB EWROPEAIDD Llywodraeth Cymru
EUROPEAN UNION Welsh Government

Ireland’s European Structural and Cronfa Datblygu
Investment Funds Programmes Rhanbarthol Ewrop

2014-2020 European Regional

Co-funded by the Irish Government Development Fund
and the European Union

Ecostructure is part-funded by the European Regional Development Fund through the Ireland
Wales Cooperation Programme 2014-2020

Joe Ironside: jei@aber.ac.uk



Materials

e Alternative concrete mixes

* Binders
* Portland cement (CEM 1)

* CEM 1 and Ground Granulated Blast-furnace Slag
(GGBS)

* Aggregates
* Limestone
* Granite

e Plasticiser
e With or without

e Reinforced concrete tiles (200 x 200 x 40mm)

* Tested for engineering properties
e Compressive strength é :
* Resistance to chloride ingress ? |
e Acid neutralization capacity E
:

Natanzi, A.S., Thompson, B.J., Brooks, B.R., Crowe, T.P., McNally, C. (2021). Influence of concrete properties on the

e 1L ; o . . . . Mixture/ Binder/Aggregate, Plastici
initial biological colonisation of marine artificial structures. Ecological Engineering 159: 106104 peiurey Tindet Ragregater Tasticter




Materials

* Reinforced concrete tiles (200 x 200 x
40mm)

» Tested for Ecological properties

* Attached to sheltered and exposed sides of
Mornington breakwater (Co. Meath, Ireland)

* Ecological surveysat 1, 3, 6,9, 12 and 24 months
* Biodiversity
e Barnacle density
* Biofilm biomass

* Best Results

 Mix 3: CEM 1+GGBS, limestone, no plasticizer
* Good structural properties and high biodiversity

Acid
Compression Neutralisation
Binder Aggregate Reinforcement Plasticiser? Strength (Mpa) Capacity
50% CEM 1
+50% GGBS Limestone Steel Mesh No 50.12 1.28

Natanzi, A.S., Thompson, B.J., Brooks, B.R., Crowe, T.P., McNally, C. (2021). Influence of concrete properties on the
initial biological colonisation of marine artificial structures. Ecological Engineering 159: 106104

Biomass of Biofilm Constituent (ug/cm?)

Sheltered

Mixture/Binder/Aggregate/Plasticizer

Exposed
A) Diatoms
05 + i
alh = 0 N ’{-‘ Iﬁ m _-

B) Cyanobacteria
i i - - = == -

C) Green algae
P+ P- P+ P- P+ P- P+ P- P+ P P+ P P+ P P+ P
Limestone Granite Limestone  Granite Limestong Granite Limestone | Granite
100% CEMI 50% CEMI/ 50% GGBS 100% CEMI 50% CEMI/ 50% GGBS




Surveying and predicting biological communities and
ecosystem functions on artificial structures

* Natural rocky shores and
artificial structures

* 3D images

* Describe topographic
features

* Biological surveys

* Describe communities VS0 GIS and Satellites

Hi-res photogrammetry

Sub-cm scale

* Features associated with g : sncefon ez
high biodiversity ¢ o

of < S0cm x
* |dentified on existing shores

50 ¢cm areas

using digital -
camera technology. Charactensmg

Broad-scale drivers .
/3D mapping,

in species distributions.
. . . ChaF:a cterising wave high resolution, geo- small scale variables such as species
D esl g ne d IN tO new exposure, salnity referenced data products. - coverage, abundance, richness,
. Characterising medium-scale variables such as: exposure, microtopography.
connectivity potential
St Fu Ct ures from surrounding aspect, rugosity, extent of species.
habitats and human

activity.




DATA COLLECTION DESIGN PRODUCTION

Topographic tiles: e i
design process

* Diversity Deficit

* Number of species
consistently present in ENGINEERING SELECTION
natu ral habitats and . (e.g. integrity, size, suitability)
consistently absent in
artificial habitats

* Rare taxa |

e Number of rare taxa
present

‘Best Candidate' Samples ‘

>
g ‘Best’ & 'Worst' Samples z
 Biological criteri : :
10108I1Ca criteria 2 6
* Richness : 5
Z
* Number Of taxa per z’ TOPOGRAPHIC SAMPLING ;
q ua d rat m (e.g. photographs, scans) m
% o
o w
w -
- n
(72}

Evans, A.J., Lawrence, P.J., Natanzi, A.S., Moore, P.J., Davies, A.J., Crowe,
T.P., McNally, C., Thompson, B., Dozier, A.E., Brooks, P.R. (2021) Replicating
natural topography on marine artificial structures — A novel approach to
eco-engineering. Ecological Engineering 160: 106144



Selected quadrats

VRM (mm)
[ 7SAPA

. |

DD Score
4_/ B
s \\

1 Limpets

2 Dogwhelks

3 Cartilaginous
reds

4 Winkles

5 Corallines

6 Topshells

7 Canopy algae
8 Crabs

Slope (mM)

g i)
/e

/

34 6 RT Scofé\
12 55 8

1 Greens

2 Browns

3 Chitons

4 Crabs

5 Sponges

6 Keelworms
7 Hydroids

8 Reds

9 Bryozoans

(A) Richness




Deployment and monitoring

* Rich, diversity deficit and rare designs +

blank and cleared controls
* 5replicates of each treatment

* Deployed on 4 artificial structures near Dublin

e 2 estuarine, 2 marine

* Preliminary results (after 18 months)
* All natural topography units show greater

Deployment

species richness than controls

e All natural topography units show greater
abundance of fucoid algae than controls

Time

After 18 months

Mean number of species

Abundance of Fucus spp. (%)

Estuarine

a) Malahide b) North Bull
- 6 +
: Cleared Control Contro Def Rae Rch Cleared Control Contro Def
c) Dun Laoghaire m d) Howth
- 6 +
: Cleared Control Contro Def Rae Rch Cleared Control Contro Def
Tile/plot type
a) Malahide w b) North Bull
¢) Dun Laoghaire M d) Howth

Tile/plot type



Scaling up
* Larger units being manufactured to engineering standards using formliners

* In collaboration with industrial partners

Phase 1 (WP3) Phase 2 (WP7)

Blocks (subtidal habitat units):
1600 x 800 x 800 mm, 2450 kg

Experimental units:
250 x 250 mm

Wall Panels:
1800 x 1500 x 150 mm, ~300 kg

D
¢
> |
P \
- ) -
7 < 8
"y
------‘-------



Concrete Production

e Larger panels require prestressing
* Protecting this reinforcement is critical
* Requires 50 mm on each side

* Minimum thickness usually 120 mm

t(GCOSTRU CTURE



Added topography |\

Concrete Production |
I

e Concrete topography )
 significantly increases panel thickness |

* minimum cover must be maintained |

* 100 mm variation in topography .

* |Increases thickness to 250 mm [

* Increase in material usage I

I

t(GCOSTRU CTURE



|
Silicone . |
Concrete Production T

* Formliners
* essential for providing the topography

 Manufactured from 3D printed templates

* using silicone rubber

 Up to 100, depending on roughness
* Deeper topography

I
I
I
* Can be re-used multiple times |
I
* more silicone rubber required I

I

t(GCOSTRU CTURE




Economics

* Formliners are potentially very expensive
* depending on depth of topography

* For a small trial, the formliner may represent 50% of
the cost

e Economies of scale are essential

t(GCOSTRUCTU RE



BioPredict tool

e 27 pairs of neighbouring sites
selected
* Artificial coastal structure
* Analogous natural rocky shore

Context, topography and ecology
characterised

e Data used in modelling approach

* to predict biological communities
from information on proposed
structures

* Implemented as decision tree

Site is exposed

p— Site is “polluted”

» Site is a seawal

» Site is “clean”

» Site is a riprap (rock amour) ————"“(:"

=

» Site is a riprap (rock amour) ————P‘ P ’

» Site is a seawal = ' 3

https://rstudio.bangor.ac.uk/BioPredict/



https://rstudio.bangor.ac.uk/BioPredict/

EFPredict tool
" ﬁ‘

* Ecosystem functions
* Characterised for different

Functions

Community ‘Services Tool

biological communities ' i
* Implemented in predictive ' | .
tool

* Ecosystem services

Climate regulation Oxygenation
* Inferred from ecosystem : ‘ e
. Environmental
functions Conditions . T
2 2
> . . . . %]
o Water purification Nutrient cycling P~
g Pest regulation i
2 5
[ (@]
U>.’ =,
S o Removal of =
- Biodiversity particulates o
Food provision
Pharmaf:eutlcals Maintenance of biodiversity
https://figshare.com/articles/code/Ecostytem Functions and Prediction Tool/17197883/3 Aesthetics Providing food and shelter



https://figshare.com/articles/code/Ecostytem_Functions_and_Prediction_Tool/17197883/3
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Climate Change Adaptation through
Ecologically Sensitive Coastal Infrastructure
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Intertidal pilots from the south coast of
England
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BU Bournemouth
we Artificial rockpools

Installed: x12 rockpools July 2015

Material: Ordinary Portland cement,
20mm flint aggregate, sand casted

Method of installation: Stainless
steel straps and bolts

BCP

Council

ARTECOLOGY




BU

Bournemouth
= Artificial rockpools

Notes: Beach renourishment in
spring 2016, burying all rockpools
until January 2017

Outcome:
27 species found on and in rockpools ki | e
compared to 20 species on the groyne ' s S

Rockpools had greater diversity of
mobile fauna

Only 1 rockpool remains (correct as of
Feb 22)

Importance of fixing retrofitted
ecological enhancement

BCP

Council

ARTECOLOGY

wrinng Spsieinls



U Hamble

Bournemouth

Seawall with pools and crevices
Installed: August 2021

Material: CEMIII concrete with 20mm limestone
aggregate

Method of construction: In situ with textured
formliners and custom moulds

Bournemouth
University




BU Hamble

Bournemouth

Seawall with pools and crevices

Notes: Monitored quarterly since installation

Outcome:

More ‘natural’ aesthetic using rock-textured
formliners

Use of wood to create custom moulds effective
and relatively straightforward

Slow to recolonize but original wall also poorly
colonized

Most of the cubic voids dry out between
high tides

B Bournemouth
University

'S

Monitoring to continue...

Hampshire

County Council




BU

Littlehampton
w5 Mud pools

Installed: January 2018
Material: Vicat Prompt cement (Vertipools™)

Method of installation: Retrofitted to steel sheet
piling in-pan using custom bracket drilled into

(i /

-

29.01.2018 13:01

Environment
Agency

GRIECOLDEY



BU

Littlehampton
@ Mud pools

Notes: One-off survey sampled mud in
rockpools and compared to mud from
adjacent mudflats

Outcome:

Usually retain water and act as rockpools but
retained mud and provided proof of concept
of an “artificial” mudflat habitat

Basins keep mud wetter for longer during
low tide and so had more species than
mudflat at same tidal height

Paper published (scan QR)
Shortlisted for BIG Biodiversity award 2021

Species Richness

Vertipools™

B Total Species

Lower Mudflat

B Mean Species

Upper Mudflat



U Hythe
== Artificial rockpools and timber enhancements

B g

Installed:; Autumn 2020 Q_

Material: Vicat Prompt cement/ granite/ recycled
timber

Method of construction: Timber enhancements and
Vertipools™ fixed to timber groynes by drilling into
wood, granite pools made using a rock wheel

OL

wring

Spi

G



U Hythe
== Artificial rockpools and timber enhancements

Notes: Vertipools™ were ‘off the shelf, other g S
interventions created by Mackley team as part of A
coastal defence works ‘

Outcome:

Some interventions worked better than others,
honeycomb block, Vertipools™, granite rockpools were
most diverse

Emphasised the importance of tidal height

Emphasised the importance of multiple surveys



BU Programme

Bournemouth
University

11.00 - 11.15 Refreshment break
11.15 - 12.30 Activity session 1 - intertidal case studies
12.30 - 13.30 Lunch

13.30 - 14.30 Presentation session 2 - subtidal interventions
Marineff
3DPARE
Independent - Exo Environmental

Questions
14.30 - 15.45 Activity session 2 - subtidal case studies
15.45 - 16.00 Refreshment break
16.00 - 16.45 Panel discussion
16.45 Close/ comfort break before travel to fieldsite

After the break, please sit at the numbered table that corresponds
to the number on your name badge



BU Activity 1 - Intertidal Case Study

Bournemouth
University

Each table has a case study about an intertidal coastal site
Fill out the questionnaire you are given independently (5 - 10 minutes)

Collaborate with the other people on the table to bring your ideas together as
how the coastal infrastructure might be enhanced

Use the ‘play dough’ and pens, paper to visualize and explain ideas
Ask us questions as necessary
Present your answers to the rest of the workshop at the end

Consider — materials? How will this be constructed/ retrofitted? Public
engagement? Stakeholders to engage? Policy?



BU

Bournemouth
University

Intertidal Case Study 1 - St Helens




BU

Bournemouth
University

Intertidal Case Study 2 - Long Groyne




Intertidal Case Study 3 - Sandbanks

Bournemouth

University




- Cowes

S raid

Intertidal Case Study 4

University

Bournemouth

BU
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University

Marineff Project

bournemouth.ac.uk
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Channel
MARine INfrastructures EFFects France ( Manche ) England

European Regional Development Fund

MARINEFF ||| 1terres =

The Marineff Project

Speaker: Jess Bone
Research Assistant, Bournemouth University

Professor Roger Herbert — Principal Investigator
Professor Rick Stafford — Co-Principal Investigator
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/€ 5.7 million total budgeﬁ The Marineff project aims to increase :‘f"f?’g-

biodiversity on coastal infrastructure by
producing proven concrete eco-engineering

selected by

1HHILCTIICTYy solutions that will provide habitat and be easily
France ( f\:ﬂhanr;]el) England incorporated in development.
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Nine project partners with Project _J Channel Sea
multidisciplinary background: Area
. Marine ecologists/ biologists
. Coastal engineers
. Materials scientists
. Maritime industry professionals
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The Marineff eco-engineering D
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France ( &haan"cfe' ) England

Boat moorings - design wwseon [

MATIONAL DRISTOIRE MATURELLE

Diameter:160cm
Height: 130cm
Weight: 2,900 kilos
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Boat moorings — manufacture and
deployment

* Deployed subtidally off coast of France in
three offshore locations
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Boat moorings - dive footage

https://youtu.be/QO6UFERK]|Vi4
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https://youtu.be/Q6uFERKjVt4

Breakwater blocks - design &=

2 different Groove Gutter for suspension
shapes and size feeders

for various
species

Tunnel
allowing
escape
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Breakwater blocks — manufacture and o=

d = p I Oy men t PMARINEEF i

 Made with CEM Il cement and 20% shell
aggregate

* Deployed subtidally off coast of France in
Cherbourg Harbour and offshore in the bay
of Bernieres sur Mer
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Breakwater blocks - corkwing wrasse =

https://youtu.be/Vo3pkMcE1IE
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https://youtu.be/Vo3pkMcE1IE
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Oyster prisms - design
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France ( §h2nne!) England

Oyster prisms — manufacture and

deployment

26 deployed subtidally off coast of south England
in the Solent Sea
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* MMO license granted (four meetings with
stakeholders and 7 months from application
submission to permission granted)
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Oyster prisms — dive footage =

https://youtu.be/-9ePTVXUAWA
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https://youtu.be/-9ePTVXuAWA
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Thanks for watching!

Find and follow the Marineff project on:

'i @marineffproject %% www.marineff-project.eu

g @marineffproject
m Marineff ESITC Caen

national Ports de ﬁ VINEIL .I
A NORMANDIE N

www.youtube.com
(Search Marineff Project)

| Subscribe to our quarterly
newsletter at our website on
sz the ‘Resources’ page
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Atlantic Area

European Regional Development Fund EUROPEAN UNION

3D Printed Artificial Reefs in the
Atlantic Region (3DPARE)

Speaker: Sam Greenhill

=3DPARE

greenhills@bournemouth.ac.uk

Dr Alice Hall, Prof. Rick Stafford, Prof. Roger Herbert
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. . il <= 3DPARE
The need for multifunctional e v R

coastal infrastructure

Ocean Sprawl
The rapid proliferation of hard artificial structures in the marine
environment, replacing natural habitats (Firth et al 2016):

* Coastal Defence - Seawalls, groynes, breakwaters

* Infrastructure - Harbours, piers, pipelines, oil rigs, wind farms

* Increased pressure due to climate change mitigation and population
growth (Bulleri and Chapman 2010)
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3DPARE

Aim:

To deploy and monitor artificial reef units which have been designed

and fabricated using novel 3D printing technology and sustainable, low-
impact, bio-receptive materials.

Applications:
* Enhance marine infrastructure
* Increase local biodiversity )ZDPARE
* Mitigate loss of natural habitat
* Enhance food production www.3dpare.eu
* Enhance recreational amenity
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Advantages of 3D Printing

v'Increase complexity of shapes, voids and textures
v'Not limited by traditional moulds
v’ Cost-effective way to produce customised shapes

v'Replicate easily around the world




S ierrey - §3DPARE

Atlantic Area

European Regional Development Fund EUROPEAN UNION

3DPARE Project Development (2018-2020)

F u--.n.-mpbfl-; - o & '/ :
Review of existing artificial Survey existing natural and 6 concrete formulations tested —
reefs in NE Atlantic region artificial habitats in each region 3 geopolymer & 3 cement mixes

 r—

P
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3

- g Top 2 concrete mixes chosen
Immersed for 1, 3,6, 12, after resistance tests

24m to test bioreceptivity Cement Limestone (CL) & Cement Glass (CG)

Pilot reef units created
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Trials of 3D printing
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Fabrication

https://youtu.be/IOVRYpTud4c



https://youtu.be/lOVRYpTu44c
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3DPARE Artificial Reef Design

CUBIC | RANDOM

SMALL OVERHANGS BIG OVERHANGS SMALL OVERHANGS BIG OVERHANGS
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3DPARE Artificial Reef Design

Large Hole

Flat
surfaces

— Overhangs

- Large
tunnel

Small
tunnels
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3DPARE Artificial Reef Design

CONTROL

CS-CL / CS-CG

CB-CL / CB-CG RS-CL / RS-CG RB-CL / RB-CG

A

1006 Kg

920 Kg

FINAL POSITION Number of pieces: 9

CONTROL RB-CL Cs-CG

1006 Kg
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Reef Deployment Sites

e UK- Poole Bay
* France - Saint-Malo
* Spain — Santander Bay

 Portugal — Porto
= = |




* Hiterrey -
Atlantic Arca IR < 3DPARE

UK Reef Deployment Site

UK Location

* Training Bank, Poole Bay
* Depth 5-bm

e Sandy seabed

Google Earth
v Om  eyealt 243km O
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UK Reef Deployment March 2020
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Photogrammetry of the 3DPARE reef
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Up to April 2022 survey

(2 years immersion time)

* 113 species recorded in total from dive and RUV surveys - red,
brown, green algae, keelworms, tubeworms, nudibranchs, sea
squirts, hydroids, bryozoans, sponges, echinoderms, anemones,
barnacles, molluscs, bivalves, crabs and fish
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Up to April 2022 survey

(2 years immersion time)

Taxonomic Group Total number of species o

Algae 25

Fish 23
Crustaceans 9
Gastropods 10
Cephalopods 1

Sea squirts & Tunicates 12
Hydroids 8
Bryozoans 8
Sponges 8
Tubeworms & Keelworms 4
Anemones 2




3DPARE reef units July 2021 N imens Il Y3pPARE
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Independent presentation by Exo Engineering

exo-env.co.uk
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Engineering

Exo Engineering —Will Melhuish
Nature Inclusive Scour Protection at Scale



Exo Engineering

Mission statement: Achieve large-scale environmental net gain for coastal
and offshore infrastructure using ecological engineering designs.




Scour Protection

* Scour protection at
turbine foundations
and cable crossings

* Hard rock deployed on
soft substrate

* Opportunity to use
windfarms to enhance
biodiversity and
restore hard substrate
habitats

© Rich North Se‘

02 11:25:20



Artificial Reefs

Scour protection can incorporate nature Barriers to uptake:

inclusive design to enhance “reef effect” » Evidence lacking

* Shelter for target species such as .

_ : Cost per unit
lobsters juvenile cod ;

. S . * Deploying at scale
* Encourage biocolination of sessile PIOYINg

species * Lack of incentives

* Legislation

* Development of oyster reefs

Optimized scour protection layer Habitat pipes Nature-Inclusive
Design: a catalogue for
offshore wind
infrastructure

Technical report

The Dutch Ministry of
Agriculture, Nature
and Food Quality

FRONT VIEW ARMOUR BLOCK © ECOncrete Tech



Exo Engineering’s Eco Reefs

' I Pilot deployment
el |

Flume tank
experiments with
University of

- Southampton

* Designed for mass deployment.

* GeoBlock® technology: Using recycled materials to achieve carbon
savings of 17% compared to conventional concrete.

* Greening the Grey®: Surface textures and microhabitats.



Living Windfarms Project

Aim: Establish mass production of Eco Reef scour protection units
and full-scale pilot studies focusing on large scale deployment to
enhance biodiversity gain.

Growth
Partnership

/7~ Offshore
' Wind
\&

Jan De Nul

G RO UP

De
W Rijke
Noordzee Project Length

'“’ . 2022-2024
CATAPU'-T IMT Nord Europe @Sgﬂ\:ﬁgymdpton BU E gfn E/Sest(se;cy

Bournemouth
University

Offshore Renewable Ener e Mine:
IMT Umvem\



Steps to Mass deployment

o=

Inform improvements in
product design:
* Target species

conditions
 Suitability for

conventional

deployment methods
— * Inform adaptations to
deployment methods

Open discussions between

- private and public sectors
* Build evidence base




Collaboration Opportunities

Open to collaboration opportunities and
involvement in workshops

* How can we target specific species?

* How can we target a range of
environments?

* How can we predict the community
assemblag;es where these units are
deployed:

* How can we monitor biodiversity?
* How can we developer requirements?

* How can we navigate existing and
upcoming policies and legislation?




Exo Engineering

Someone's made themselves at home! Our unique Greening the Gre
surface textures facilitate biocoloni on, making homes for flora and
fauna in intertidal and subtidal environments. ow.ly/4B0350KECTV @

Stay up to Date

* https://www.livingwindfarms.com/
* @Exo_Engineering

* https://www.exo-engineering.co.uk/news

SCALING UP
ECO-FRIENDLY SCOUR
PROTECTION IN
OFFSHORE
WINDFARMS

September 2022

out enh:

f marine artificial



https://www.livingwindfarms.com/
https://www.exo-engineering.co.uk/news

BU Activity 2 - Subtidal Case Study

Bournemouth
University

Each table has a case study about a subtidal site or structure
Fill out the questionnaire you are given independently (5 - 10 minutes)

Collaborate with the other people on the table to bring your ideas together as
how the coastal infrastructure might be enhanced

Use the ‘play dough’ and pens, paper to visualize and explain ideas
Ask us questions as necessary

Present your answers to the rest of the workshop at the end
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Subtidal Case Study 1 - Floating pontoons
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Subtidal Case Study 2 - Long Groyne
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Subtidal Case Study 3 -

University

BU
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Subtidal Case Study 4 - Wind farm

placement of geotextile placement of filter stones placement of armour stones

placement of precast concrete block model of scour protection

Figure 5. Different scour protection systems. Reproduced from Chen, H. et al. 2014 with permissio




BU Panel Discussion

Bournemouth
University

Jess Bone — Marineff Project
Sam Greenhill - 3DPARE Project

David Miko - SARCC Project
Joe Ironside - Ecostructure Project
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Fieldtrip to Poole Harbour Marineff rockpools
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