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About Corrosion

IRETITUTLE OF CORRBROSION

Humber Estuary Killingholme UK — April 16, 2001 (Erosion Corrosion, Refinery, USD 82,400,000)
The Health and Safety Executive report http://www.hse.gov.uk/comah/conocophillips.pdf



About Corrosion

IRETITUTE OF CORRBOSIO

F

Corrosion costs (general):

e 276 billion USD per year for total direct cost of corrosion in the
United States; equivalent to 3.1% of GDP.

(Source: NACE — The Worldwide Corrosion Authority.) ‘
e Corrosion cost to the UK is about 4% of GDP %

(Source: Institute of Corrosion, ICorr, U.K.)

Corrosion costs (Oil and Gas industry):
e 7 billion USD per year for gas and liquid transmission pipelines.

e 1.4 billion USD per year for oil and gas exploration production.



About Corrosion

Consequences of Corrosion:

e Hazards or injuries to people

e Environmental impact due to le
from vessels and pipes

e Loss of mechanical strengthaﬁi N 3
structural failure or breakdown &

* Loss of time in availability of ind
equipment

e Reputational damage



About Corrosion

What is Corrosion?

F

IRETITUTE OF CORRBOSIO

e Corrosion is the deterioration of a substance, usually a metal, or its properties because of a
reaction with its environment. (Source: National Association of Corrosion Engineers )

* Physicochemical interaction between a metal and its environment which results in changes
in the properties of the metal and which may often lead to impairment of the function of
the metal, the environment, or the technical system of which these form a part. (150 8044)

Plant Equipment
A HIGH ENERGY STATE

o WATER

ENERGY

Qo
o 2H20 + 2e-
Corrosion 0 -> H2 + 2(OH)-

—__Fe->Fe2++2e- 7

Corrosion
ENERGY RELEASE

Why Corrosion

Iron Ore

LOW ENERGY STATE ENERGY Takes PIaCE?




About Corrosion

Corrosion Triangle:  WATER q F CORRODENT

Corrosion Control: METAL

METAL + WATER + CORRODENT = CORROSION

THETAL + WATER + CORRODENT = NO CORROSIONA
METAL + \WATER-+ CORRODENT = NO CORROSION -
METAL + WATER + CORREBENT = NO CORROSION

Design the material

Control the environment
Design a barrier
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Corrosion Control Engineering

Factor Controlling Method Barrier Controller
Conductivity Stop/slowdown Non-conducting Coating/Painting
electrons coat/paint Engineer/Inspector
Conductivity Reduce conductivity Keep the process dry Process Engineer
Electrochemical Apply current Cathodic protection CP Engineer/Inspector
reaction
Oxygen Stop/slowdown Oxygen  Barrier coating/paint Coating/Painting
Engineer/Inspector
Anodic reaction Electronegativity Corrosion resistant metal Material/Corrosion
Engineer
Electrochemical Stop/ reduce reaction Corrosion inhibitor Chemical/Corrosion
reaction rate Engineer
Electrochemical Stop/ reduce reaction Passive layer Material/Corrosion

reaction rate Engineer



About Corrosion

IRETITUTLE OF CORRBROSION

Types of corrosion
e There are more than 45 types of failure mechanisms in 5 categories as per
API 571 only in oil and gas industries

e Mechanical and Metallurgical
e Uniform or Localized Loss of Thickness
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About Icorr

IRETITUTLE OF CORRBROSION

ICorr (http://www.icorr.org/) is a learned society and registered charity that has

been serving the corrosion science, technology and engineering community since

- ——— & _ ~ " - _ -

v, 01604 438222 Vicorr.or| ICarr Structure The History of Institute of Corrosion  1Corr Awards MNews Correxltd Souces of Information Members Area

Home  Membership ~ Conferences and Events  Training & Qualifications ~ Contactus O

Welcome to Institute of Corrosion

Wherever you are In your career we can help you develop the latestskills and gain industry relevant qualifications. You will also

learn more about comosion science from the UK’'s biggest community of comosion academics and professionals

Galloway Award

This award was created in 1998 in memory of Jack Galloway, a founder member of the British Association of Corrosion Engineers (BACE) from which the Institute
of Corrosion derived, to encourage contributions from students working in any area of corrosion science and corrosion engineering.

Students are invited to submit a short technical article discussing their work for consideration for the award. This should be 3000-5000 words in length and may
include figures as appropriate. The winning article will be published in Corrosion Management, and the prize consists of a certificate and a cheque for £250. The
Institute does not retain copyright of the material, so this does not prevent subsequent publication of the work in a scientific journal if students wish to offer a
snapshot of an ongoing project, or work towards a thesis.

The winner is also invited to present their work at the annual Corrosion Science Symposium. Submissions should be sent via email at any time to the CSD Chair.

Membership

11U
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About ICorr
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Technical questions

Technical divisions:

Back to Forums : Redister © Login

TORC TITLE LAST POST REPLIES WIEWS

316 Ti Stai corrosion due to chlorine

z . : G i = £ 099
any information on the exposure limits of 316 Ti to chlorine residue before causing [l

e Corrosion Science Division

v' Corrosion Symposium (10/11 | |
September 2018- 59th Corrosion Science Savieaite Jahinte T by: mekh

Will a corrasion Inhiblor offer sultable comoslon protection on Its own in a carbon steel Thu 17th Sep 20156 4 4707

Syl I l posi u I l I ) corrasion inhibitor tank or would additional protection be required,” internal lining?”

TSA vs Protective Coatings

by dgfigh
Wed 24th Aug 2016

by jithkriz
Thu 16th Jul 2015

All, I challenged with; “what is the most cost effective

Lutween 154 and other protective coating systems aporating in an ofishor
what would your answer be?

C [ E ' - D ' ' '

orrosion engineering DIVISION ... ..o

Hi all, | was wondering if anyone could recommend a good article on corrosion by

/ groundwaters, specifically some estimated limits of composition as regards, sulphate,
O r u I I I S nitrate, pH, alkalinity, hardness, elc. 1o be wary of when making a conosivity assessme

1 . . cathodic shieldin
/ WO r k I n g g ro u p S (Cat h Od I C p rOteCt I O n - m:l-l any one il meﬂwnlcn swndards specially are about cathodic shielding and [rlrjengilllliélgkogrﬂr;?]!! 1 4727
Nuclear - Coatings - Oilfield chemicals - Water
. . cathodic shieldin by ’
treatment - Corrosion in Concrete) o g s imonoma |

by: winnienie
Thu 9th Jul 2015

preventng methods?

Microbiologically Induced Corrosion by henry tan
s Y SN S S SO Tue 23rd Jul 2013

2

Regional Branches:

Aberdeen, London, Midlands, Northeast, Northwest, and Yorkshire.
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About ICorr
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Continued Professional Development (CPD) ....w. on.. 2

» CPD refers to the process of tracking and documenting the skills,

knowledge and experience that you gain both formally and informally in
order to help you in your professional career progression.

—  Self-study

—  Work experience

— professional mentoring of colleagues or others
— Academic study

— Training courses

—  Events and seminar

» CPD Requirements for Chartered Engineers/ scientists in UK

All Engineering Council registrants make a commitment to maintain and enhance their
competence. In practice, this means undertaking Continuing Professional Development (CPD).

— Chartered Scientist or
— Chartered Engineer

» The Institute of Corrosion has developed a mentoring program to assist
its members to achieve their Chartered Status.

» mycareerpath® (CPD record database)
An online professional development system.

1
LIC
A

CONTINUING PROFESSIONAL DEVELOPMENT
ICORR ABERDEEN BRANCH

COURSE BY THE INSTITUTE OF CORROSION
ON THE 147 AUGUST 2018, 8:45-16:30

1. Principles and Costs of Corrosion Dr Odagboyi Philip Enegela (REPSOL)
2. Corrosion Rate Modeling Dr Muhammad Ejaz (PIM)

3. Chemistry and Microbiology — Analysis and Data Trending Dr Carol Devine (ICR Integrity)

4. Corrosion Mitigation by Cathodiic Protection Dr Nigsl Owen (Aberdeen Foundries)
5. Corrosion Mitigation by Coatings and Materials Selection Alistair Seton (JAS Consulting UK Ltd)
6. Corrosion Management and Risk Based Inspection Hooman Takhtechian (Oceaneering)
7. The Role of Advanced Instrumentation in PIM Chris Burke (Emerson)

8. Emerson Process Equipment Demonstrations Chris Burke & Fiona Butters
John Thompson & Steven Healy
(Emerson)

ATTENDEE: Joseph McCabe

STEPHEN TATE (ICORR ABERDEEN CAD CHAIRMAN)
VERIFIED BY: Stethen ? 7@&’,

The British Assodiation of Corosion Engineers, now the Institute of Conosion was founded in 1859 to
promote the dissemination of technical information about corresion matters and to develop by means of
social activities, the free interchange of information among members, establish suitable qualifications for
conosion enginesrs, and promote of standardisation in the teminology and techniques of corrosion
control.

The Institute of Corrosion is recognised by the Institute of Materials, Minerals and Mining (TOM'), British
Institute of NOT (BINDT) and by the Institute of Marine Engineering, Science and Technology (IMarEST) as
offering technical presentations that contribute to an individual member's Professional Development
requirements

http: //www.icorr.org/branches/aberdeen.phtml

12



About ICorr

Training and Qualification

e |Corr Certification Scheme

e (Cathodic Protection (CP) Certification Scheme,
— Cathodic Protection Technician (Level 1/2/3)
— professional mentoring of colleagues or others,

Painting Inspector (Level 1/2/3)
Coating Inspector (Level 1/2)
Pipeline Coatings Inspector
Insulation Inspector

Fire Proofing Inspector

attendance at conferences.

Supportihtg you
at every stage
- of your career

13



ICorr (Aberdeen Section)

2018-2019 Session Commiittee

Chair: Dr. Yunnan Gao

Vice Chair and Secretary (External): Stephen Tate

Secretary (Internal) : Dr. Nigel Owen
Finance Officer: Alistair Seton

Event Co-ordinator: Amir Attarchi

University Liaison and CPD Officer: Zahra Lotfi
Committee Member: Bryn Roberts, Dr. Muhammad Ejaz,

and Hooman Takhtechian.

14



ICorr (Aberdeen Section)
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https://sites.google.com/site/icorrabz/home A 4

Institute of Corrosion

Search this site

Aberdeen Branch

Institute of Corrosion website

Visit the Institute of Corrosion

website to find out more about
Conferences and

Events, Education and Training
as well as the Technical Ferums
at http: / fwww icorr.org.

Home

Aberdeen Branch Sponsars
Local Technical Programme
Location Map

Aberdeen Committee Members
Announcements

GCallery

Downloads

Sitemap

ICorr Aberdeen

Welcome to the Aberdeen branch of the Institute
of Corrosion

Thanks to our branch sponsors, the Aberdeen branch of the Institute of Corrosion is able to host a technical
programme of monthly presentations from September through to may.

Institute of Corrosion Aberdeen branch meetings begin at 18:00 with a complimentary light buffet and the
opportunity to network with other corrosion professionals, followed by the technical presentation at 18:30.
The exception this year is the April meeting which begins at 17:30 for a 18:00 start, after the Marine
Corrosion Forum.

Our meetings are typically held on the last Tuesday of the month at the Palm Court Hotel, 81 Seafield Road,
Aberdeen, AB1S 7Yx.

The Institute of Corrosion is recognised by the Institute of Materials, Minerals and Mining (IOM3), British
Institute of NDT (BINDT) and by the Institute of Marine Engineering, Science and Technology (IMarEST) as
offering technical presentations that contribute to an individual member’s Professional Development
reguirements.

Details of local Aberdeen events from the Institute of Corrosion (ICorr) are shown in our Technical
Programme.

Subscribe to the Institute of Corrosion
Aberdeen Branch event email reminders

Email: Subscribe

=1



https://sites.google.com/site/icorrabz/home

ICorr (Aberdeen Section) '
https://sites.google.com/site/icorrabz/resource-center

THETITUTLE OF CORRBROSION

Search this site

Institute of Corrosion

Aberdeen Branch

Institute of Corrosion website

Visit the Institute of Corrosicn

website to find out more about
Conferences and

Ewvents, Educaticon and Training
as well as the Technical Forums

Downloads

- S 201 82019 ICormr Aberndeen Presentatsons

at http: / fwwwe icorr.org. 2018-08-14 CAD O1 2018 ICaorr Aberdeen an hour ago Aberdeen
ICorr Aberdeen Branch CAD on 14,/08/2018 - ICarr
Home 2018 CAD _ All All Lectures
Aberdeen Branch Sponsors Lectures Presentation Fresentaticons
Local Technical Programme Slides.pdf
Location Map Wiews
Aberdeen Committee Members
P 2018-08-14 CAD O2 2018 ICorr Aberdeen an hour ago Aberdeen
ICorr Aberdeen Branch CAD on 14,/08/2018 - ICarr
Gallery 2018 CAD _ Emerson Emerscn
D_ownloads Permasense Equipment Demonstration
Sitemap Demonstration.pdf Fresentations Slides
Wiewr
2018-08-14 CAD O3 2018 ICorr Aberdeen an hour ago Aberdeen
ICorr Aberdeen Branch CAD on 14,/08/2018 — ICorr
2018 CAD _ Emerson Emerscn
Rosemount Equipment Demonstration
Demonstration.pdf Fresentations Slides
Views
2018-08-14 CAD O4 2018 ICorr Aberdeen an hour ago Aberdeen
ICorr Aberdeen Branch CAD on 14,/08/2018 - ICarr
2018 CAD _ Emerson Emerscn
Roxar Equipment Demonstration
Demonstration.pdf Fresentations Slides
Views
2018-08-14 CAD O35 2018 ICorr Aberdeen an hour ago Aberdeen
ICorr Aberdeen Branch CAD on 14,/08/2018 - ICarr

—d

INSETITUTE OF COREOGSION

ICorr Aberdeen

2018 CAD _ Emerson
The Role of Advanced
Instrumentation in
FProces=s Integrity
Management.pdf
Views

Emerson
Demonstration
Fresentations Slides

- T 201772018 orr Aberdeen PresenTanions
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ICorr (Aberdeen Section)

https://sites.google.com/site/icorrabz/calendar
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Institute of Corrosion
Aberdeen Branch

Institute of Corrosion website

Visit the Institute of Corrosion
website to find ocut more about

Conferences and

Events, Education and Training
as well as the Technical Forums
at http: / ‘'www . icorr.org.

Haome

Aberdeen Branch Sponsors
Local Technmical Programme
Location Map

Aberdeen Committee Members
Announcements

Callery

Downloads

Sitemap

Local Technical Programme

ICorr Aberdeen Branch Programme of Events
Today | JEMN B Tuesday, 27 March 2018 ~

18:00 ICorr Aberdeen Branch Meeting

Tuesday, 27 March 2018

18:00 ICorr Aberdeen Industrial Visit - BOOKING REQUIRED
When Tue, 27 March 2018, 18:00 — 19:30

Where TBC {map)

Description TBC
more detailse copy to my calendar

Displaying events until 31/7. Look for more

Search this site

ZHPrint Week Month

Agenda

-

17
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ICorr Aberdeen Events

9 IRETITUTLE OF CORRBROSION

Local Branch News

Discover what is K :

happening in your - Find out about all the
area with Local a8 latest industry news
Branch News - ay

wwwejeate.arg July/fugust 2008 9




ICorr Aberdeen Events
2018-2019
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Company [ .
Date Event Type Sponsor Topic (s)
. Wide Range of Corrosion Topics and Equipment
Tue 14/08/18 Camosion Awareness Day (2018), | EMERSON - Key Demonstrations from the Aberdeen Corrosion

at Emerson, Dyce, (g-4 pm).

Sponsor

Awareness Team.

Joint ICorr/TWI Joint Technical

Preferential Weld Corrosion (PWC) for Subsea and

Tue 25/0g/28 Event, at RGU 6pm. ROSEN Topsides Systems.
Tue 30/10/28 ICorr Technical Event, at RGU Emerson - Optimising Plant Integrity and Solids Control through
3 6pm. Permasense continuous Non-Intrusive Wall Thickness Monitoring

Tue 27/11/28

Joint ICarr/lOM3 Joint Technical
Event, at RGU &pm.

Metal Ecosse

Downhole Metallurgy and Corrosion Control.

Tue 2g/o1/19

ICorr Technical Event, at RGU
bpm.

Plant Integrity
Management
(PIM)

Integrity Issues and Planned Production Losses — How to
Break the Cycle.

Tue 26/o2/19

ICorr Special Coating Event, at

International Paint

Papera, A Novel Approach to Combatting CUI. Paper 2,
MIC-Resistant HDPE Linings for Seawater Applications

RGU 6pm. and AEGION (AEGION).
g . Presentations and Displays of Combined Corrosion
Tue 26fo03/19 Edusltrr:lslr‘:i'ﬁlt.tu ICE' Bridge of ICR Control Capabilities from all five ICR Business Units:
on, FEMISEs, bpm. Walker Technical, NECE, CIU, Quickflange and MOSS.
Tue 30f0s/1 Joint ICorr/MCF Joint Technical SCALED Corrosion Inhibitor Screening: Impacts of Different Test
30104019 Event, at RGU g.3o0pm. SOLUTIONS Approaches.

Tue 28/ogf1g

ICorr/NACE Joint Technical
Event, at AIS 6pm. (N.B This
Meeting will be preceded by the
ICorr AGM).

AlS and Hempel

Agenda 1: NACE Presentation and Demo.
Agenda 2: Evaluating the Effect of Surface Preparation
Standard on Zinc Rich Epoxy Primers (Hempel)

19



ICorr Aberdeen Events

o= ICORR AND NACE JOINT EVENT
SONOMATIC INDUSTRIAL VISIT "“E'"“"ﬁ"-m?oﬂ‘t
18:00 Hrs oN TUESDAY 29™ May, 2018

INDUSTRIAL VISIT TO SONOMATIC — OVERCOMING INSPECTION CHALLENGES
Venue: Sonomatic, The Core Industrial Estate, Berryhill Crescent, Murcar, Aberdeen, AB23 8AN
18:00: Complimentary Light Buffet & Networking, 18:20: Event Starts. PPE is not required.

IRETITUTLE OF CORRBROSION

The Full Agenda for the Event is as follows: Please arrive Promptly.

18:00 - 18:20: Reception and Snacks, 18:20 — 18:30: ICorr AGM
18:30 — 1B:35: Health and Safety Brief and Introductions, 18:35 — 20:00: Tour of Facilities, (in Groups of 10)

The tour of Senematic facilities will include talks on the following 4 topics:

1. Inspection and Evaluation of Pressure Vessels, 2. Inspection through challenging Coatings,
3. Corrosion Under Pipe Supports, 4. Subsea Inspection

Should You Wish To Attend This Event......Please Contact: Amir Attarchi aattarchi®oceaneering.com

Places are very limited. Please ensure that if you reserve a place that you do attend.
Attendance at this ICorr Event is FREE for Pre-registered Members and Non-Members.
CPD Certification will be Available upon Reguest.

q.tas EN I\ KINS COSASCO DOEEPWATER

ENC-Lamslin Dreup

®
ICR. co 2@ (B
fpermcsense R’OSEN a @ CDqurZ:?bEWur

Mew Spansars Wslkcome
emprwered by techealogy ToraL

2017-2018 ICORR GOLD SPONSORS: Corrpro Companies Europe Ltd, Pipeline Technigue Ltd.

2017-2018 ICORR SUSTAINING SPONSORS: CAMN Offshore, North East Corrosion Engineers,
Oceaneering Int. Services, Plant Integrity Management, R&R. Corrosion, Spencer Coatings.

Join our events mailing list at hitps:

20



ICorr Aberdeen Events
Corrosion Awareness Course

e A course comprises a number of lectures (5 to 6), each of which talks about a different
aspect of corrosion and gives basic information on corrosion principles, corrosion mechanisms
and corrosion control

* The objective of this course is to help understand corrosion as process and to raise
awareness regarding corrosion management.

* The lectures are delivered by renowned Corrosion Engineers / Scientists and are provided
on a voluntary basis

 Target audience are graduate engineers and non-corrosion engineers but work closely with
corrosion (e.g. integrity engineers, inspection engineers, etc.), as well as engineering students

e Priority is given to candidates nominated by Sponsors, on a “first-come, first-served” basis

e The course is hosted by ICorr Aberdeen Branch through its sustaining and branch
sponsorships

* Link to lectures from previous meetings:
https://sites.google.com/site/icorrabz/resource-center

21
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ICorr Aberdeen Events
Corrosion Awareness Course

\)

0k
MOARNIYEY WU
" - ;_..' | 8

22
Link to ICorr Photo Gallery: https://picasaweb.google.com/112769365632684634113



https://picasaweb.google.com/112769365632684634113/2013CorrosionAwarenessDay
https://picasaweb.google.com/112769365632684634113/2012CorrosionAwarenessDay
https://picasaweb.google.com/112769365632684634113
https://picasaweb.google.com/112769365632684634113/CorrosionAwarenessDayAugust2014

ICorr Membership

Develop links with business and professional bodies who have similar
interests.

Enjoy the support of an experienced organisation.
Participate in the advancement of corrosion control in all its forms.
e Participate in Branch and Divisional activities.

e Leads to professional qualification (FICorr,
MICorr, TICorr) or certification as
technicians and inspectors (Technician 1,
Inspector levels 1 to 3).

More Knowledge
More Connections
More Development

 Corrosion Awareness course free spaces
offered to students every year.

e Keep up to date with corrosion and

corrosion control activities.
23



ICorr Membership

Free Student Membership

Join the largest community of Corrosion professionals in

the UK and access all the resources, skills and
opportunities you need to develop your career

http://www.icorr.org/membership/student-
membership.phtml

e Show proof of full time enrolment at an
approved science or engineering based
study program.

e Submit completed form and proof of
enrolment.

IRETITUTLE OF CORRBOSION

FREE
Membership

N8 Institut
gie' "ty eCorrosmn

Barratt House, Kingsthorpe Road, Northampton NN2 6EZ
TEL: +44 (0) 1604 438222
E-mail: admin@icorr.org  Web site: http:/fwww.icorr.org
APPLICATION FOR STUDENT MEMBERSHIP

{Pleasa TYPE or PRINT in bisck ink as this form will be photocopied)

SURNAME MrMr=/Miss/NMs/DiiProf] [T [FORENAMES {in full) o
[Dsie o7 BN |0
PRIVATE ADDRESS [a]
ingluding posteade o
u]
UNIVERSITY 5] Date Of Joinng
COURSE 5]
QUALIFICATIONS 5]
UNIVERSITY ADDRESS 5]
Ineluding posteode o
u]
o
e LEPHONE Home | 3] [ Busness [0
Wobie | 1] | emel |0
7 you coreei To rcang Trom the Tnstiiute of Conosion: By email Yes/Ng
y post Yes/Noj
Which Address Do You Want To Use For Comespondence And Tha Joumal | Home/Univarsity ]

V56U are welcometo paricinate in the Sctviies of any Branch and Divsion andfor maling pUrmoses, you Wil be slocatad 1o the
Branch covering your home losstion uriess requested :ther\l:e Which Branch and Division do you wish tojoin? (plesse indicate)

Branch |Eme.ueen;|| ﬂ.ondon]‘ Eas‘] [North West] ‘ [Yorkshie] | [Midiands ]

Division|s) mosion Engineerin; mosion Science ‘'oung ICor
) g g '

DECLARATION (to be Sign=d by sll appiicants)

TREreby confimn thel [ e ve anintarastin the prestioe of comasion fechnology sndlar Seence and Underaks fo comply Wik the
Institute’s Articles of Association and Bye-laws.

Please notethat the Institute of Cormosionis GDPR Complisntandwe da not hakd any dsts thatis not required for the running of
the organisstion. The Institute of Comosion Dats Protectan Manusl and data Protection Paiicy canbe found an the ICom website

Signadr, 7 DBt Fen e

FEES: Bone-fidefulltime students are eligible for IComr membership atno cost

To qualify for the ICorr student membership rate and benefits, you must:

1. Show proaf (2.g. course sehaduie and student D) of enrolmentas s full-time student at an approvad seience or
enginesring based study programme

2. Submit proofofstudent eligibiity on anannusl basis st renewsl. (Seven yesrs is the maximum length of time snindividusl
may retsin studentstatus)



http://www.icorr.org/membership/student-membership.phtml
http://www.icorr.org/membership/student-membership.phtml

1
Key Information d ! l

e For further information about the institute, visit the
|Corr website:

WWW.ICOrr.org

e For further information about the activities of the local
section, visit Aberdeen section page on

https://sites.google.com/site/icorrabz/

or send an email to

icorrabz@gmail.com

25
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Thank you.
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