UK & Ireland
Spill Association =<

THE VOICE OF THE SPILL INDUSTRY

»

!—‘Lﬁ 8l University of
onsoreponse @0R0CLE . =M Tlsouthampton

(

THE NURDLE PROJECT

Develop novel clean-up equipment for the collection of nurdle pollution
from sandy shorelines in response to nurdle spill incidents.
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1. Context and Research : Life of a Spilled Nurdle
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1. Context and Research : What is Being Done?

Nurdle Collection

S. Durrance, ‘Spills of Cargo Other Than Oil -Nurdles’, ITOPF, Jan. 2022.

e
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Nurdle Separation

ITOPF, Jan. 2022.

. Durrance, ‘Spills of Cargo Other Than dil —Nurdles’, |
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https://www.nurdlehunt.org.uk/site-map/item/99-pelletpickup.html

1. Context and Research : Type of Shorelines

A game of probability, the Swiss cheese model....

A Nurdle Spill
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1. Context and Research : Type of Shorelines

A nurdle is on

board a ship
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Shipping Routes from:
USA e==
China e
Netherlands/Germany/Belgium
Saudi Arabia e
Singapore/Thailand e
Republic of Korea e

[l Top 10 Primary Plastic
Exporters

[l Top 10 Primary Plastic
Exporters

B Countries in Both Lists

Created with mapchart.net



https://e8f2e65c-2d89-4cd0-995d-cd7c5f200b0e.filesusr.com/ugd/6dc6cc_f4f9844743c349d483bc82133b3df28e.pdf

1. Context and Research : Type of Shorelines



https://e8f2e65c-2d89-4cd0-995d-cd7c5f200b0e.filesusr.com/ugd/6dc6cc_f4f9844743c349d483bc82133b3df28e.pdf

1. Context and Research

: Type of Shorelines

A Nurdle Spill
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https://e8f2e65c-2d89-4cd0-995d-cd7c5f200b0e.filesusr.com/ugd/6dc6cc_f4f9844743c349d483bc82133b3df28e.pdf

1. Context and Research : Aim and Objectives

Objectives

. Research and evaluate current methods
Aim of response and technologies to deal with

/ \ nurdle spill incidents

Improve the effectiveness of nurdle

Develop simple, accessible, collection compared to current solutions
and sustainable novel clean-
up equipment, for the Improve the ergonomics of current
collection of nurdle pollution designs to reduce injury and increase
from sandy shorelines efficiency
in immediate response to

nurdle spill incidents. Minimise the negative environmental
impact on the local ecosystem and global

\ / environment
Make the design simple to manufacture
and globally accessible




1. Context and Research : Current Solution Testing

Speed- 0.19 g/s
Purity- 1.28 %
Energy- 0.03 (g/kJ)

|

Effectiveness Measures

Overton
Backpack
Cleaner Speed - mass of nurdles collected per

second (g/s)

collected to the mass of total matter
collected (%)

Energy - mass of nurdles collected per

oy Sy v

[Pu_rity - ratio of the mass of nurdles

kJ of energy used (g/kJ)

Speed- 0.43 g/s
Purity- 2.11 %
Energy- 0.11 (g/kJ)




1. Context and Research : Current Solution Testing
Collection Separation

Paddock Cleaner Electronic Trommel

—_— "
e

,,,,,,,,

Limitations Limitations
» Large total mass pickup * Mesh still allowed broken
* Unergonomic handle nurdles to pass
* Large tube area « Gaps in the fittings of the mesh
* Requires a second * Mechanical rotation too quick
separation stage * Sand clumps still passed

* Noisy engine through



1. Context and Research : Design Requirements

manufacturing-ease

reliability . weight |
lifespan >12€ labour-intensity
manufacturing-costs
running-costs j>
. energy-consumption
ergonomics
repairability
disposability

Top Six Design Requirements

Effectiveness

Reliability

Transportability

Low Environmental Impact

Easy to Manufacture

Ergonomic
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2.Testing and Design : Proof of Concept

Bernoulli’s Principle

T-Junction

Delivery tube

Air Currents

&

Faster Rir
Less Pressure on Wing

Side Wiew of dirplane Wing
L

L2 4 &
|
F T
Slower fir
More Pressure on Wing

1201

The Venturi Effect

3
h

—

. Suction inlet
Compressed air inlet

[21]


https://www.pcmag.com/encyclopedia/term/bernoullis-principle
https://www.engineersedge.com/fluid_flow/venturi_flow_equation_and_calculator_14001.htm

2.Testing and Design : Air Operated Conveyor

1) Compressed air enters the 2) Air is compressed and
component injected into the throat

Compressed air inlet

Pick up nozzle

'~ (Thin)

Air Conveyor

Circular pipe (Venturi device)
3) A vacuum is created at the
inlet by jets of compressed air  4) Material is drawn through the

unit

10


https://www.google.com/search?q=air+operated+conveyor+air+masters&tbm=isch&ved=2ahUKEwj6ko6O_ur-AhWtsCcCHTQYC2MQ2-cCegQIABAA&oq=air+operated+conveyor+air+masters&gs_lcp=CgNpbWcQAzoECCMQJzoECAAQHlDNA1iHHmDnHmgEcAB4AIABTYgB9waSAQIxN5gBAKABAaoBC2d3cy13aXotaW1nwAEB&sclient=img&ei=V61bZLqLO63hnsEPtLCsmAY&bih=943&biw=1666&rlz=1C1CHBF_enGB861GB861#imgrc=jiVfPQ_BwosdUM

2.Testing and Design : Final Collection System

Leaf Blower

Limitations
- Not compatible with air-operated conveyor

- Weaker suction created with alternative
Venturi set-up

Leaf Blower with Optimised Venturi Nozzle
Limitations
- Rigid hose reduces controllability
- No handle for Y-junction
- Suction angle of Y-junction in relation to
surface

-

11

Leaf Blower with Optimised Venturi Nozzle

- Air speeds from 140-581m/s
- Largest pressure differential of 2.01 bar from

atmospheric

Rigid hose =——wou,

Worx Leaf
Blower

50mm
: diameter
3D Printed
Nozzle SVC Y
50mmx20mm unction



2.Testing and Design : Mesh Size

55
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1.18 mm mesh

Coarseness of

Ratio of nurdles to
Sand

sand
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2.Testing and Design : Mesh Size

55
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3.35 mm mesh

Mesh Size

2 mm mesh

1.18 mm mesh
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2.Testing and Design : Angled Sieving

)

Angled mesh

Parameter Value for NNV1 Value for NNV2
Angle of mesh 25°

Motor speed 44 rpm

Frequency 4.64 Hz

Spring constant 0.3 N/mm 3 N/mm

13



2.Testing and Design : Nurdle Nabber V1

[ Clear plastic box ] P

B
~
\\

Foam to reduce
velocity of the sand
and nurdles coming

out of the Venturi

[ Springs for vibration ]

[ 6mm mesh ]

[ 1.2 mesh ]

[ Flexibletube |

Larger plastics
collection

[ Venturi nozzle ]

Pivot point ]

[ Nurdle collection ]

[ Leaf blower ] >
B [ deposited

Hole for sand to be J
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3. Field Testing : Shamrock Quay
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https://www.google.com/maps

3. Field Testing : Shamrock Quay
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3. Field Testing : Shamrock Quay

17



3. Field Testing : Shamrock Quay
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3. Field Testing : Shamrock Quay




3. Field Testing : Shamrock Quay

Separation System

~— ¥

Integration of systems
- Nurdles were collected and separated

- Geometry of box

- Fitting
Spring connections

Collection System

- Ergonomics
- Tubing connections
Required two operators

19
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4. Project Output : Nurdle Nabber Version 2

Collection System

- Ergonomics
- Tubing connections
- Required two operators

Separation System

Geometry of box
- Fitting
Spring connections

20



4. Project Output : Nurdle Nabber Version 2 2




4. Project Output : Open Source Instructions

THE NURDLE PROJECT

THE NURDLE PROJECT

Table of Contents

THE NURDLE PROJECT

General Information: Materials List

" som: Materials List . Material/Components Quantity Cast
st . 2440x1220x9mm plywood 2
Required Toals 5 1220x510x8mim plywood 1
122015100 wood 2
Moterial Tesseflation Guide .. 0x620x5mim p)
34x34x180mm smooth pianed Spruce 6
Misnsfachers knsfraciisns: =8 Ex11x800mm pine strip wood a
Instructions for the epraten B ammsainiss el mesh :
fact d ti Murdle and Plastic Box -12- 6mm stainiess steel mesh 1
manuftacture and operation esh Pansis - Steet butt hinges Packof 3
of The Nurdle Project’s g Moust 3m Ukra vl Ducting
Tralley Frame -1 1m Semi Flexible Tobe
Nurdle Nabber v2 f— Vimetan 1
Leaf blowsr mounts 14- Crutch
Seafing or paint 14
Worx 1440W feof Blower 1
Coflectian System -15-
Aventuri powered plastic nurdle pollution collection and St wood Screws frame to Framel
P P P Atematie vl 16+ 30mm woad Screws (Paneia Frome)
separation system. Wood Filler Ttub
Silicon Seatant 1 tube
10mm Steef rod
Rubber wheels a
Compression Springs Pack of §
Thin card 15m
ORACLE i
Environmental Experts Stapies and Staple Gun 1pack
VA glue 1bottle
UHU Adhesive
A _— UK & Ireland Toofhoss :
~S= Oil Spill Response = Spill Association 2amm (D PVC pipe im
A — ITOPF THE voiaE o7 Tag spis ovTEY Jublee cips Packof 10
Knock Down Block Fitting 2
@ University of Fence paint 25/tin
-1 2. 3
Cut List 25 Small mesh ramp 2 350mm Material Tessellation Guide
CN - Component Number 26 Longsides 3 1100mm
Material | CN | Description Quantity _ Dimension Cut Out? e . o 9x1220x2440 mm Plywood
1 | Large outer panel F] 1020x77Bmm
2 Small outer panel 1 AS0xTTEMM ] 28 Wheel ases a 150mm
3 | Boxbase panel 1 450x1000mm E £ 8
4 Smallouter panelwith 1 {50m inlet hole in B
inlet hole and mesh siots centre) 1a 1b
5 | smallouterpanelwith 1
inlet hoke and mesh siots Reguired Tools
6 | Small outer panel with 1 «  Saw [Manual or band saw) 10b
inlet hole and mesh slots iy
+ Hand Dril
7 _|Mpupld 1 A0 o 2.5mmdrill bit
8 | Fixed lid 1 470x360mm o SOmm Hole saw
3 ° :irge[:’:;:[h(lzt:lienmn 2 186x300mm = 20mm dril bt 2 6 10a
ox - short s N
£ 10| Loeplastcscoliection 2 250x300mm * Sorawdriver
E box - long side * Rice —_—e e
E 11 Largeplasucscollection 1 166x432mm + UHU Adhesive 9%1220x2440 mm Plywood
= bax- Base +  Masking Tape
12 | Nurdie collectionbox- 4 450x550mm o Stapler and Staples
- ::'E:bm“m‘mbw n st + il Gun or Nails and hammer 12a 12b 14 n
e o woodfiler
14| Plastic separationwall 1 600x450mm N anl Scraper , -
15 Nurdle separation wall 1 A50x500mm + Paintbrushes or roller
12¢ 12d
16 | Foam panel 1 450x120mm
7 13
17| Mounting Panels 2 $50x100mm
n
‘a’ 18 | Large mesh 2 450xBOOMM !
| 1
i e — ______ !
g 19 | smallmesh 2 A50x350mm 9%610x1220 mm Plywood
£ s ’
20| Frame short side a 450mm 9al9b :
£8 (0 romeiongude + summ " !
EE 2 vemcalfamebatons 4 T00men 6 17a| 170 .
E i 23 | Large mesh Ramp 2 800mm .
TE 21 Nurdieborramp 2 470mm
i B I I
-a- -5 -5

Open-Source Instructions Manuals




4. Project Output

Overview

23

THE NURDLE PROJECT

Instructions for the
manufacture and operation
of The Nurdle Project’s
Nurdle Nabber v2

(82>

A venturi powered plastic nurdle pollution collection and

separation system.

ORACLE

Environmental Experts

UK & Ireland

Oil Spill Response a ‘ Spill Association

University of
@Southampton

01

Using maritime data to predict
the locations of future nurdle
spills

By Amy Kerrison

02
Collection tests

By Jack Searson, Saj Rana, Niru Srthar

PDF

MURDLE PROJm

~

Uni ity of
@Souwteﬁakpton QORQCLEV

n UK & Ireland
~<~ Oil Spill Response Spill Association

Report
FEEGE013 Group Design Project

35
The Nurdle Project

Nearly all pastc products are manufactured from plastc peliets alled rurdles, which are

appronimately Sem in Gameter, and transported by container ship. However, acidents
the ocean,

the water and they enter the food chain when mistaten for food by widife. They

accumuiate on beaches, harming ecosystems 50 fecovering these nurdies without causing

Turther harm to the emronment i crugal.

Cotaboration with Industry stakehalders such as the Plastic Pollution Working Group and

initi research was important in this process ue 1o the fimited mm of tqulpmm
currently avatable.

and separating them from sand and other debris. This mammm.m». aid of CAD,
iterative prototyping and CFD simulations. Testing was undertaken throughout the process
10 ensure the effectiveness of equipment produced.

1t was decided that material would be picked up using the Ventusi effect, Implemented
% nazle ough a

“This novel machine is simple, accessible and outperforms competitors in efoctiveness. &
chieves

efficent response o aurdle spills.

Group Members:
1D Number  Name DNumber  Name

31501613 Sowmiya Aravinthan 31032125 Nirushaan Sathar
30922038 AmyKerrison 30598298 Sajal Rana
30809525 Jack Searson 30852714 Eleanor Winterbum

Slake o (. David White

Subemitted on: 10/05/2023

THE

NURDLE |
PROJECT

WELCOME

03
Separation tests

By Sowmi Aravinthan, Elie Winterburn

04
Angled Sieving Tests

ni Aravinthan

By Amy Kerrison and So




THE NURDLE PROJECT

Thank you for
listening!

Any questions?

Team Members Left to Right:
Sowmiya Aravinthan, Sajal Rana, Amy Kerrison,
Nirushaan Srithar, Eleanor Winterburn, Jack Searson
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