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Participants EFC WP15 meeting 13" September 2007 Freiburg

Name Surname Company Country
Claesen Chris J Nalco BELGIUM
de Bruyn Hennie Borealis AS NORWAY
Gonzalez-Barba Maria Luisa Baker Petrolite SPAIN
Groysman Alec Oil Refineries Ltd ISRAEL
Hofmeister Martin Bayernoil Raffineriegesellschaft mbH GERMANY
Hucinska Joanna Gdansk Technical University POLAND
Invernizzi Andrea University of Milan ITALY
Isaak Gyorgy MOL Hungarian Oil & Gas Co HUNGARY
Lorenz Maarten Shell Global Solutions International B.V. NETHERLANDS
Loukachenko Natalia Industeel FRANCE
Maffert Joerg Dillinger Huttenwerke GERMANY
Michvocik Miroslav SLOVNAFT SLOVAKIA
Munier Michel IFP Technology Group - AXENS FRANCE
Ropital Francois IFP FRANCE
Scanlan Rob Conoco UK

Surbled Antoine Couronnaise de Raffinage FRANCE
Trasatti Stefano University of Milan ITALY
Turnbull Alan National Physical Laboratory UK
Visgaard Nielsen Anni Statoil Refinery, Kalundborg, DENMARK
Volden Lars Statoi ASA NORWAY
Winnik Stefan Exxon Mobil Chemical UK
Zetlmeisl Mike Baker Petrolite SPAIN
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Excuses received for the EFC WP15 meeting 13" September 2007 Freiburg

Name Surname Company Country
Aiello Carmelo Eni ITALY
Christensen Curt Force Institutes DENMARK
Davies Michael CARIAD Consultants GREECE
Holmquist Martin AB Sandvik Steel SWEDEN
Lanfant Mathieu SOFRAP FRANCE
MeLampy Michael Hi-Temp Coatings Technology USA
Peultier Jerome Industeel FRANCE
Richez Martin Total FRANCE
Riva Roberto Eni R&M ITALY
Rommerskirchen Iris Butting Edelstahlwerke GmbH&Co KG GERMANY
Saarinen Kari Zerust Oy FINLAND
Surbled Antoine Couronnaise de Raffinage FRANCE
Urke Hildegunn Statoil ASA NORWAY
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Presentation of the activities of WP15

European Federation of Corrosion (EFC)

Federation of 34 National Associations

19 Working Parties (WP)

* Annual Corrosion congress « Eurocorr » in September

* Thematic workshops and symposiums

* Working Party meetings (for WP15 twice a year)

* Publications

* EFC - NACE agreement

+ for more information http://www.efcweb.org

EFC WP15 Annual Meeting 13 September 2007 Freiburg

EFC Working Parties

» WP 1: Corrosion Inhibition

- WP 3:
- WP 4.
- WP 5:
- WP 6:
- WP 7:
- WP 8:
+- WP 9:
- WP 10

- WP 11:

- WP 12
* WP 13
- WP 14
* WP 15
* WP 16
- WP 17
+ WP 18
- WP 19

High Temperature

Nuclear Corrosion

Environmental Sensitive Fracture
Surface Science and Mechanisms of corrosion and protection
Education

Testing

Marine Corrosion

i Microbial Corrosion

Corrosion of reinforcement in concrete
i Computer based information systems

i Corrosion in oil and gas production

: Coatings

i Corrosion in the refinery industry

: Cathodic protection

: Automotive

: Tribocorrosion

: Corrosion of polymer materials

* WP 20: Corrosion and corrosion protection of drinking water systems

WP 15 was created in sept. 96 with J. Harston as first chairman

EFC WP15 Annual Meeting 13 September 2007 Freiburg




EFC Working Party 15 « Corrosion in Refinery » Activities

The following are the main areas being pursued by the Working Party:

Information Exchange
- Sharing of refinery materials /corrosion experiences by operating company

representatives.

Forum for Technology
- Sharing materials/ corrosion/ protection/ monitoring information by

providers

Eurocorr Conferences

WP Meetings
One WP 15 working party meeting in Spring,

One meeting at Eurocorr in September in conjunction with the conference,
Publications - Guidelines

Web site actually minutes of the last WP meetings
(developments fo be proposed)

http://www.efcweb.org/WP_on_Corrosion_in_the_Refinery_Industry.html

EFC WP15 Annual Meeting 13 September 2007 Freiburg

EFC Working Party 15 plan work 2007-2009

. Appointment of a WP15 Deputy Chairman

-Task force an Corrosion Under Insulation lead by Stefan Winnik:
Document EFC 55

- Failure cases atlas : living data base

- Cooling water treatment:

Creation of a task group of WP15 members to cooperate with EFC WP1 and
NACE on publication of update or new documents

. Stress relaxation cracking: proposal of a guideline o prevent these failures

. Possible session with NACE at Eurocorr 2008 in Edinburgh "Detailed case
study on RBI" contact with De Yuan Fan STG34 ?

. Session with WP1 (inhibitors) at Eurocorr 2008 in Edinburgh "Naphthenic

acid corrosion" (proposal of WP1 group) partly dedicated to investigation and
testing methods

EFC WP15 Annual Meeting 13 September 2007 Freiburg




Publications

* EFC Guideline n°40 « Prevention of corrosion by cooling waters » available from
http://www.woodheadpublishing.com/en/book.aspx?bookID=1193

Update in relation with Nace documents by a task group from WP1 + WP15 + Nace
11106 "Monitoring and adjustment of cooling water treatment czfer‘a‘ring
parameters" from Task Group 152 on cooling water systems an

24230 "Biocide monitoring and control in cooling towers" from Task Group 151 on
biocide monitoring and control techniques

- EFC Guideline n° 46 on corrosion in amine units
http://www.woodheadpublishing.com/en/book.aspx?bookID=1299

EFC Guideline n° 42 Collection of selected papers
http://www.woodheadpublishing.com/en/book.aspx?bookID=1295

*EFC Guideline n° 55 Corrosion Under insulation

*Future publications
+ compilation of papers from Workshops (naphtenic acid corrosion ?)
* other suggestions ?

EFC WP15 Annual Meeting 13 September 2007 Freiburg

EFC Working Party 15: Future objectives of the group
How to manage our working party meetings / Eurocorr sessions

- Eurocorr Sessions
v'Implements of Eurocorr sessions or workshops with other WP and NACE
(a workshop can be on a topic without formal presentation)

v'Implication of young corrosion students, PhD
at Eurocorr session with a dedicated poster session

. Working Party Meetings
v'Future topics of task forces

v'Facilitating student trainings outside their countries in our companies
v'Presentation of UE funding projects in our area (if they are)
v'Collaboration on Standard

Increase the collaboration with NACE
Presentation of EFC WP15 activities by Rob S. during Nace STG meetings
New proposal: Presentation of STG activities during WP15 meetings

EFC WP15 Annual Meeting 13 September 2007 Freiburg




Appendix 3
External corrosion control program at the

Humber Refinery

Rob Scanlan (Conoco Phillips)
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External Corrosion Control Program

By
Rob Scanlan

EFC Conference - 13t September 2007

External Corrosion Control Program

» CUI & external corrosion is a major issue for the
Humber Refinery.

* In recent years, the refinery has experienced
several failures.
« External Corrosion Control Program instigated;

» Thorough review of the equipment history.
» Field survey of all areas in the refineries.

» Consultation with experienced operational personnel.




External Corrosion Control Program

e The outcome of the assessment was a list of
vessels and areas of piping most prone to
CUI/External Corrosion.

» The areas of piping have included the following:
» Priority list of vessels.
» Whole piping units in critical areas.
» Pipe-rack sections within a unit or across units.

External Corrosion Control Program

Refurbishment work included the following;

 100% removal of the insulation on the priority
vessels.

* 100% removal of insulation on piping to allow for
CUI inspection and repair in critical areas.

* Inspection of painted lines in piperack, inspection
includes lifting of lines to inspect for corrosion
under the pipe supports.

« Sample inspection of less critical areas.




Sour Water Stripper




Aromatics Extraction Unit — Recovery
Unit

3" Benzene Export Line




Naptha Vent Line

3" Hydrogen High Pressure Line




ECCP - Findings

Description G;tpiilitst R\é\;e;ﬁs Replaced | Total
Vessels 89 24 5 118
Piping 12 0 11 23
Total 2006 74 20 9 103
Total 2007 27 4 7 38
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How to use http://project.ifp.fr/cui-efc-wpl5

for collecting and consulting the corrosion failure cases atlas

Version 1 Revision 0 date 31 August 2007

Summary
SUIMIMIBIY .t b bbbt b bt e st b e e bt e bt a b e et e e e e b e et e e nnenneene s 1
1 Objectives Of the WED @rea...........ccvieiieie e 1
P 010 ] 110 T=)q o] [PPSR 1
3 Access to the corrosion failure atlas folder: ... 2
4 How to incorporate Your failUre CASES. ........ccoiiieiiieeiese e 4
5 Change of YOUr OWN PASSWOIT..........ccueiuiiieireie et eiesteesie e sra e e sreeseeeee e e seeeneesnaeneeas 6
IO 0] | =T OSSPSR 8

1 Objectives of the web area

The aim of this web area is to collect and consult typical corrosion failure cases of the
refinery industry in order to share experiences . If you want to be a member of the group
you should send a email to Francois Ropital (francois.ropital@ifp) : a username and password
will then be sent to you (see section 6).

The members can consult the database and add their own typical cases. Documents can be
downloaded and incorporated

2 Connexion
The address is: http://project.ifp.fr/cui-efc-wp15

The following window appears:

ICuickPlace /cui-efc-wpls

Marm d'ukilisatewr | | 5§ - |

Mat de passe | |

[ ]Mémoriser mon mot de passe

[ oK H Annuley ]

You have to enter the username that has been sent to you and your password.
The following window appears that give you the content of the web pages:
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mailto:francois.ropital@ifp
http://project.ifp.fr/cui-efc-wp15

3 Wakoma - cul-afc-wpl 5 - Micrasalt Intarnet Explarer faurnl par IFP

Oreen - Q- [{ @ ) Preoweer Sorer @3- 5 8 - L)

) o f . A TOROZSA I FOF | 204 PopenDocumert: v BYok e ™ -
e+

cui-efe-wpls

(] [Exie] et o] (9] 5] (2]
R V/clcome
Wk Frangolt ROPITAL (repital), ORFFII00T - 0544 PM
“cm' 'm Welcome to the share common zone
i sion for the Working Party 15 "Corrosion in refinery” of the European Federation of

Corrosion

In the Failire Cases Atlas Indax you will find sl the nformation to Enchude your own fallure cases and 10 cansult the data base

I the EFC CUI Final Verslan Index you will find infarmation on the Corrotian Undar Ineulation document that has besn £eel 10 the
pubilisher and that will be soon availsble as EFC guldeline "S5,

In the Library Index you will find
1) Relevant and helphull documents on CUI- pleasa do net hasitste to comglete &

!m aoi I'I‘ 2) The Interature dats baze on corosion in refinsry slaboratad by Hennis de Bruyn (Access fils) - plesse use i and complete &
advitrasod seoich 3) Al the minutes of W15 Working party (without appendices)

ity | ek | butoiad | ey i the Members Index you will find the sddress of the members (suthors and readers) of this comman Tone {email, phone, mailing)

For any uther question contact
Francars Ropital
email Irancois. roptakgiifp fr

g new.. | et | check ok | copy [ move | defess

3 Quicki?lace Errer Keport - Microsoft Internat Dxplorer fourni par 1N

x
Febier Bl Alichogn Fawen Ouls T L
Drwteie - ) - (8] B @0 Onewon rrees @ @) (3- 5 w3

Advossn Pags H o ens

/ QuickPlace Warning
e

Problem: - Lo o= been deleted
solution: Chck hare o refresh Jur brawser.

] termné
"4 démarrer - 0

Merisalt W - Gasd,

To access to the welcome page , clicks as indicated on

3

O 1mE

this py of the screen.

3 Access to the corrosion failure atlas folder:

cui-efc-wp1l5

When you click on "Refinery failure atlas™
CE— Ve

you access to the folder: o Lo
iary Failure
C CUI Final Yersi )
_Dismu
Library
Calendar
Tasks
Index In the
Customize o
Members anL ‘1:
In the
Y 1) Re
2] Th
e 3 al
nofify | print | utarial | help In the
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] Refiery Failure Aths - cui-efcwpi5 - Microssft Internet Explarer fourni par IFP

Fichir  [dtion  Affichage Favoris Outle 7

i
Qomcscerre - () [x] (@] 0 )0 vectmorer rreens ) (20 1 -
= 4] efcwp | 5{Man rafih S v Bl ees * e
omessefinerp ke atiar ® nest il
cui-efc-wpls

(] | o s

Weleten
Reefinery Failure Allss
EFC CUIFingt Verskn
Discussion

Ubrany

Calandar Pages 1« 1 getof | {inclusing hiddan pages)
Tasks
Index
Customize
Memminars.

Banthor * Mot =

Q
e ol | vieidy
adianced seach

ratdy | prk | honal | et

et |t
reew._ | cheanup | fokder aptions

gelabon

L] B irernet

To consult the failure files and to download them (and also some reference documents) you
click on "Instruction Corrosion Failure Atlas" line:

2 Instruction Corrosion Failure Atlas - cui-efc-wp15 - Microsoft Internet Explorer, fourni par, IFP |:HE\E\
Fichier Edition  Affichage  Faworis  Outils 2 lf'

Qreconts - () [x] [F] (D O rechercher 5z Ravors €20 (- - L)

icesse [ {€] httprjjproject JFp. friQuickPlace/cu-efc-p15jMainnsfih_IDE9D1 CEE4BE647CA0

11EB0257 perDocumentiFo V‘ oK | Liens ¥ @~

home>tefinery e allas » folder
cui-efc-wpl5

E Instruction Corrosion Failure Atlas
Welcome Frangois ROPITAL (ropital), 08/28/2007 - 04:43 PM
Refinery Failure Aflas

YWP15 has decided to elaborate a typical refinery failure cases atlas.
EFC CUIFinal Version

Discussion Everyone is welcamed to put its own contributions. You can download the "Form_EFC_WP15Atlas doc®, complete it , rename it as
Library "EFC_\WP15Atlas . doc” and attache it by editing your own page.
Calendar
Tasks To numerate your file, please take the following available nurmber fram the file : "List EFC_WWP15Atlas_August 2007 xls"
Index
Customize If you prefer you can email your failure cases files to :
Members
francoig. fr weho will I it on this web page
:::v;gsgyslev;ej:«‘y You can downlaad o [aunch any of the files below by clicking on them
ity | print | tutorial | help Form_EFC_WP15Atlas.doc

List EFC_WP15Atlas_August_2007.xls
Classification APl 571.pdf
EFC_WP15Atlas_1.pdf
EFC_WP15Atlas_2.pdf

folder
new.. | new revision | edi | check out... | copy | move | delete

a0 totop

&

 Internet

You can download the following document:

"Form_EFC_WP15Atlas.doc"” that an empty form to be completed if you want to include
another failure cases in the data base (1 failure case / file)

— 3
P

Form _EFC_WP15Atla
s.doc

"List EFC_WP15Atlaus date.xIs" is an Excel file with the list of the failure cases. If you want

to include another failure case, name it with the next free file number (the file will be
regularly updated by Francois Ropital).
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"Classification APl 571.pdf" to help you to find the proper API classification number for your
failure(s) case(s).

e
Classification API
571.pdf

"EFC_WP15Atlas_x.pdf": the file for failure case n°x.

4 How to incorporate your failure cases.

To incorporate your failure case file you have to edit a new page by clicking on "Edit"

2 Instruction Corrosion Failure Atlas - cui-efc-wp15 - Microsoft Internet Explorer fourni par IFP.

Fichier ~ Edition  Affichage  Favoris  Outls 7

Qrecseens - () - (%] @] D /._‘J Rechercher 57 Fevars %) [.?'_\'v & - [

Adresse | ] http: fiproject.ifp.fr/QuickPlacscu-sfc-wp15 Main.nsfh_I DEID1 CEE4B6647CB0257 4600562324 4 CFIB957AZIF1 11EB025734400544FA3? CpenCocumentFe ¥

Box e > &

efinery falure atlas  folder

cui-efc-wpl5

NeWgevision| [Edit| [Check oud 1] ]
Instruction Corrosion Failure Atlas
e — Frangais ROPITAL (roitah, 0812812007 - 04:43 P

Refinery Failure Atlas

WR15 has decided 1o elaborate a typical refinery failure cases atlas
EFC CUI Final Yersion

Dlisewsslan Everyone is welsomed to put its own contributions. You can download the "Form_EFC_WP18Atlas doc”, complete it | rename it as
Likarary "EFC_WP1BAtlas_xx.doc" and attache it by editing your own page.

Calendar

Tasks To numerate your file, please take the following available number from the file : "List EFC_WP15Atlas_August 2007 xls"

Index

Customize If you prefer you can email your failure cases files to

Memmbers

francais. r wrho will I it on this web page

news: daily | weskly
advanced seaich

You can download or launch any of the files below by elicking on them:

natify | print | tutorial | help Form_EFC_WP15Atlas.doc
R gy T (AP ey ! List EFC_WP15Atlas_August_2007.xls
Classification APl 571.pdf
EFC_WP15Atlas_1.pdf
EFC_WP15Atlas_2.pdf

folder
gototop new | new revision | edit | check out . | copy [mave | delete

£ & Internet

The following page will appear and file it as mentioned:

3 Hew.... - cuirelcwp15 - Microsoll Internel Explorer fourni par IFP
Fibier Edion Alfchage Fevors  Oulls 7

Qricitenie = () - (%] &) @ D necbercher e @) (- 00 B -

& o i el reffh_10GS01CEE AT IS T h § sdsut v | B 08 Lo -

cui-efc-wpl5s

MNew... back | resmt

IR vt v you lie 10 create?
() Page. Create a new page that can include formatted text, images, and file attachments.
O Imported Page. Create a new page using the contents of an existing file on your computer.
) Calendar Page. Create a niw et on the calindar
() Task Page. Create 3 new task that can you can assign and track on the Tasks page.
) Link Page. Create a link to another web page.
) Falder. Craste 3 naw fsldar in which you can put eversl pages

BB ik the Net buttum below when you i finished fillng ot ths form

gotaten ok ture whiat 10 do nest? cick here for hety
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You have to create a page.

3 Edit Page - cui-efc-wp15 - Microsoft Internet Explorer fourni par IFP

Fichier ~ Edition  Affichage  Favoris  Outils 7 'l

Qrrecesente - () [#] [F] (0 O reshercher Spravons &) (- 1L L

Ackesse ] hetpsfiproject. Fp.FriQuickPlacefcu-efc-wp15 itain, st/ 1 dsad 1 cossbed DocumertaFarm=h, v | EJ ok Lens ? & -
chep &

cui-efc-wp15
Edit Page cancel | save 35 diaft | publish as | publish

npaga Title.
Failure case 3 Show the title, auther and date on page?

nCuntems (type the contents of the page below:)
b (i) (u) (M) (= s G0 H B @ g [10 =] [Hebetica ~|

Indicate your name and email adress =

and comrments ifyou Wisﬂ

Vnu can add attachme v clicking the Browse: tton and selecting the desired file
Parcourir
Emal\ Natification. The following m will be notified when this page ig published.
Mo notification 4
EWhen you have finished editing this page, click Publish to put it away so others can see it. Click Publish As... for more options. To safeguard your wark in o
&] Terming ® Internet

Then you have to complete your page:

1-Title: "Failure Case n°x"

2-Content: indicate your name, email address and any comment you like.

3-Attache your file "EFC_WP15Atlas_x.doc" (a Word file is preferred if further editing
processing is required) by clicking on "Parcourir".

@Prétédenle ) \ﬂ lﬁ 0 /-'Re(herther ‘S"'\T‘"Favnns {4! B2 @ _"

achesse | @] hitp: fiprofect.Fp.FriQuickPlacecui-gfc-wp 5Msinnef/1d65d 1 ceedbe64TaN: dtpocumentaFom=h vI| EJ ok Liens * &~
e Title ¥
Failure case 3 J Showthe titls, author and dat e\ IR TRITH ) T8 @
nCumems (type the contents of the page below:) Regarder dans ]_1 Corision Failure atlas j & EB-
) () () (W) (= e H & 5] gc_wp15Atas_2.dac

% Classification AP1 571.pdf
FC_WR1Sitlas_L.doc
% EFC_WR1Sitlas_L.pdf
and comments if you wish B ;EFCinlsnt\asjdnt

| EFC_wWR1SAks_2.pdf
Bueal  ifiriches GEMER Atlas.xls
orm_EFC_WP15Atlas.doc
rm_Hucinska_WPLS_atlas_Answer.doc
;furm,\ﬂuuw,WPlSJtlas‘duz
Euist_EFC_P15atlas_August_2007.4s

. 5 Mes dacuments
Indicate your name and email adress récents

e
s

Poste de kravai

pe

Favors iéseau

Vou can add attachments by clicking the Browse... b Fetond

ichiers de type : Tous les fichiers [*.

‘ | T s [ Tous les fichiers (1
Ema\\ Notification. The following members will be notified when this page is published

No nafification v

El'When you have finished editing this page, click Publish to put it away so others can see it. Click Publish As... for more options. To safeguard your work in

Mo du fihist [ o [ ow
B

progress while editing this page, click Save
CANCEL | [SAVE AS DRAFT] [PUBLISH AS| ’
e

4- Email notification if you want to inform members of the group that you have include a new
failure case.
5- Click on "Publish" to publish your page
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Your new page appears

then on the screen:

A Failure case 3 - cui-fc wp15 - Microsoft Internet Explorer fourni par IFP
ePrécédente 1 Q m @ ;;j /.7 Rechercher \:ZrFavams & "
Adresse [ﬁ hittpe/ fproject.ifp. fr/QuickPlace/ cuirefc-wpl SiMain.nsf/h_1D69D1 CEE4BE647CE0 DDD70DDYB0257H460056E: uAf?Oper\Document&FV‘ ok Liens ™ @~

cui-efc-wp15

Welcome
Refinery Failure Atlas
CUI Final Vs
Discussion
Library
Calendar
Tasks
Index
Customize
Membets

nevrs: daily | weskly
adyanced seaich

notify | print | uterial | help

homes efinery faikure allas @ previous | older

Failure case 3
Frangais ROFITAL (ropital), 0B(2i2007 - 04:5 Pt

Indicate your name and email adress

and comments if you wish

previous | folder
ot e [ revision | &di | check oot | copy | mave | delete

& Internat

]
To go back to the "Refi

2 Refinery Failure Atlas -

nery Failure Atlas" folder click on the indicated line in the yellow
box. Your failure case is included in the data base

cui-efc-wp15 - Microsoft Internet Explorer fourni par IFP

Fichier  Edition  Affichage  Favoris  Outls 2 "

() precstenee - ()

H ) G Preecher ormos &) - L - )

Adresse @ htp: profect.fp. fr/QuickPlace cui-efewp1 SMain nsfjh_Tor/DED7 326026537 15160257 3460055FC53/POpenDacument v B ok tens ” @

cui-efc-wp15

Welcome

Refinery Failure Atlas
EFC CUIFinal Version
Digeugsion

Library

Calendar

Tasks

Index

Customize

hembers

rews: daly | weekly

advanced search

ity | pint | utorial | help

homexrefineny Faiure atlas » nest | last

Refinery Failure Atlas
Title > Author~ Wodified ~
Instruction Corrosion Failure Atlas Frangois ROPITAL 08/2912007

WP15 has decided to elaborate a typical refinery failure cases atlas, Everyone is welcomed to putits own contributions. You can download the
"Form_EFC_WP13Allas doc’, complete it, rename it as"EFC_WP15Atlas_sdoc” and altache it by editing...

Failure case 3 Frangois ROPITAL 08/292007
Indicate your name and email adress and comments if you wish

Pages 1 -2 out of 2 {including hidden pages)

neat [ last
gototop new...| cleanup | folder options

 Internet

5 Change of your own password

We advise you to change the password that has been

you have to open the "members" page:

How to use http://project.ifp.fr/cui-efc-wpl5 Version 1.0 31 August 2007

attributed by the webmaster.

For this



cui-efc-wp15

E— V'

Welcome . Frang
Refinery Failure Atlas
EFC CUI Final Wersion
Digeussian
Likrary
Calendar
Tasks i
- - nthe
By clicking on Members
In
you have access to the Members page bl
In the
Q 1) Re
A 2) Th
it s 3) Al
notify | print | utorial | el Inthe

The following screen appears:

Remark: the list of all the members is on several pages. To access to the other pages click on
next or previous or last .

T Mambars - cul-afcwp!5 - Microsaf) Intarnet Explarar fourni par IFP

Qrsars = O [x] @) G Prevwom e @ 35 B - L

Adesse | ) iy wn18Han mdih_ =0
b g b ol el
cui-afc-wpls
]

T cinbers
Welcome: User Homew  TistHames Lot Hames  Phooer Lol v
Fefinary Fallurs Alias " r silp
EFC CUA Final Yersion o
Discussion Aieta Cameln Aiuby 300073 BA24ES camelo alelod el
Litsrary Enl
Caonda
Tasks
Index
Cunstornire
Wembors Altsiet Benoi Altingt 33235 551406 benoi altdsel @ 1otal com
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TOT00 Hartewan
| FRANCE
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“” Barta 2073218580 Lt amcentinme e
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Bond 4812238911 62 a35RT s bord dwd ok

™

raens Park,

Gireat ABinginn, Camidgn, G81 BAL

i

Al Tha Brushaim 40 3461 40 2051 s hrssheamEtotal com

Tals

Fam idautachiand GmbhMssmwag |

e} L

GER -

L] B Ieenet

If you click on your name you can modify your address and change your password

T Mambars - cul-afcwp!5 - Microsaf) Intarnet Explarar fourni par IFP

Qe = ) X (&) @) Presom Srrome @ 3+ B - [
hdesse | ) 1 w33 Han mdh, i Bk e * -

[ e p———T TR
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(| i ' i G
[ 1
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Fefinary Fallurs Alias "
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Discussion Riotis 30 0033 BA2A84 camelo aloBod e
Libraey.
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Tasks
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6 Contact :

For any question contact

Francois Ropital email: francois.ropital@ifp.fr
Phone: 334 78 02 20 16

Fax: 33478022141

How to use http://project.ifp.fr/cui-efc-wpl5 Version 1.0 31 August 2007
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Appendix 5

Cracking on the fireside of a gasoil heater

Anni Visgard Nielsen (Statoil)

Minutes of EFC WP15 Corrosion in the Refinery Industry 13 September 2007



CORROSION IN REFINERY INDUSTRY FAILURE ATLAS

CASE HISTORY n°3 Date 17 September 2007

Hydrodesulfurizer Unit
Gas oil heater

DATE OF INCIDENT AND/OR INFORMATION:
from Anni Visgard Nielsen (Statoil) at EFC WP5 meeting 13/09/2007

NATURE OF THE INCIDENT :
several longitudinal cracks on the fire side of heater tube some of them near HAZ. The ones near HAZ were
penetrating the tube.

CONSEQUENCES : Retubing of both convection and radiant coil.

MATERIAL COMPOSITION and REFERENCES: AISI 304 Stainless Steel

PICTURES AND SCHEMES :

ASPECT : SS304 tubing is fully sensitized. Replica taken on several positions did show intergranular cracks.
Some of them were not very deep. Green deposits containing high amount of sulfur and iron with some nickel
and chromium have been observed.

MEDIA AND OPERATING CONDITIONS: The sulfur content in the fuel gas was 50 — 200 ppm
Poor combustion practices due to wrong measures for oxygen content forming a reducing atmosphere in the
heater.

TIME TO DETERIORATION : near HAZ: during one TA. Others: doubt about if it is from one or two TA




CORROSION IN REFINERY INDUSTRY FAILURE ATLAS

CASE HISTORY n° 3 ANSWER

TYPE OF CORROSION : Polythionic acid corrosion

API 571 CLASSIFICATION: 5.1.2.1

CAUSES:

Polythionic acid corrosion is suspected due to the detection of a sulfur layer on the outside faces of the tubes
and to the highly sensitisation of the 304 stainless steel. Probably because of poor combustion practices
leading to a reducing atmosphere in the heater.

REMEDY :

Retubing to similar material (SS 304) and major repair of heater casing. Oxygen sensor moved from above
convection zone to below convection zone.

PUBLICATION - TECHNICAL REPORT: -

BIBLIOGRAPHIC REFERENCES :

NACE Standard RP 0170-2004 Protection of austenitic stainless steels and other austenitic alloys from
Polythionic Acid Stress Corrosion Cracking during shutdown of refinery equipment.
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Water wash injection point failure in a

saturated gas plant

Rob Scanlan (Conoco Phillips)
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ConocoPhillips

Determination Of The Corrosion Mechanism
For A Water Wash Injection Point Failure
In A Saturate Gas Plant

Rob Scanlan, Ricardo Valbuena & Dave Hughes

ConocoPhillips
&

Dannie Clarida
CorrMat International

J

Agenda

The Saturate Gas Plant (SGP) Incident.

The SGP Design/Operation/inspection Requirements.
Corrosion Mechanism Of Failure.

Rebuilding The SGP.

Corrosion Control Program Development.
Conclusions.
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The Saturate Gas Plant

WATER WASH

SATURATED GAS PLANT

" SIMPLIFIED PROCESS FLOW DIAGRAM
oo o

FUEL GAS

L GASOLINE STORAGE ?.EUTANE STORAGE

The Saturate Gas Plant (SGP) Incident

® On 16th April 2001, an explosion and fire occurred at the
ConocoPhillips Humber Refinery.

* A 6" pipe carrying flammable gases failed just after an
intermittent water wash location on the De-Ethanizer
Overhead system.




The Saturate Gas Plant (SGP) Incident

— —

The SGP Design/Operational Basis

The original design included a water wash for the feed
stream.

Soon after commissioning, an additional water wash was
installed in the De-ethanizer overhead system.

In 1984, a static mixer/quill was installed on the feed stream.

Further modifications to the water wash were made in 1992
& 1994 increasing the water wash rate to 20 usgpm.

The exact operation of the De-ethaniser overhead water
wash could not be confirmed i.e. intermittent or continuous.
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The Saturate Gas Plant Inspection History

The De-ethaniser tower, & overhead equipment had
received extensive inspection with some of the overhead
equipment being replaced.

The RBI analysis of the SGP piping was completed in Nov
2000.

The system inspection was planned for July 2001.
Unfortunately the pipe failed in April 2001.

For reference, the point of failure had not been identified in
the RBI analysis as an active injection point.

Corrosion Mechanism Of Failure

Physical Evidence

* The corrosion morphology indicated an aqueous phase
running along the bottom of the pipe/outside of bend.

* No sulphide scale was evident at the thinned area of the
pipe downstream of the water injection location.

* Black scale was evident further downstream of the failure
indicating the presence of a protective iron sulphide film.
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Corrosion Mechanism Of Failure

Corrosion Mechanism Of Failure

* The corrosion was caused by ACIDIC SOUR WATER due
to presence of hydrogen sulphide (H,S) in the aqueous
phase.

* High system pressure (380psig) leading to high H,S partial
pressure.

* Low ammonia content in overhead system and sour water.
* H,S content in sour water producing low pH.
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Corrosion Mechanism Of Failure

Initial considerations of Ammonium Bisulphide or Chloride
attack were dismissed due to process conditions.

The feed water wash system removed virtually all the
ammonia and chloride.

These findings were confirmed using specialised laboratory
techniques & commercial software modelling.

This phenomenon is believed to be unique in the refinery
industry.

Industry Perspective

®* Aqueous acidic hydrogen sulphide corrosion was not a
documented issue in the refining industry prior to 2002.

* API 581 notes a concern with sour water at alkaline pH and
below neutral pH and identifies acidic hydrogen chloride (not
H,S) as a corrosion concern.

e APl RP571 now includes an acidic sour water corrosion
mechanism.
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Rebuilding The Saturate Gas Plant

Several actions were implemented to reduce corrosion:

Moving a correctly designed water wash injection location
to the inlet of the OH condenser and making it continuous.

Setting-up an Injection Point Management System.

Installation of a non-intrusive corrosion monitoring system
on the outlet piping of the OH condenser.

Setting-up a Process Corrosion Variables program to
monitor the corrosion performance on the SGP unit.




Corrosion Control Program Development

Metal Loss Data On The SGP De-Ethaniser Overheads
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Corrosion Control Program Development
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Corrosion Control Program Development

To increase the long term integrity of the plant a trial of
switching off the front end water wash was initiated.

This had the effect of:

Allowing the ammonia in the process stream to neutralize the
hydrogen sulphide.

This resulted in the pH and ammonia increasing in the Feed Drum.

The Overhead Drum samples showed an increase in pH with a
corresponding drop in Iron Count.

The FSM data showed a reduction in the corrosion.

However, excessive fouling was found throughout the overhead
system, especially around the vessel bridles.

WATER WASH

SATURATED GAS PLAMT

‘- Q_m SIMPLIFIED PROCESS FLOW DIAGRAM
o

FUEL GAS

WATER WASH

(=)
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SATURATED FEED ! L GASOLINE STORAGE ?‘BUTANE STORAGE
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Corrosion Control Program Development

Water Wash Rate (Red) & pH (Blue) of Sour Water from Feed Drum
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Corrosion Control Program Development

* Following the trial, the next step was to simulate this
ammonia carry over without switching off the front-end
water wash.

* This was achieved by the addition of a neutraliser to the
overheads water wash.

* A neutralizing amine was installed in February 2005.

J

Corrosion Control Program Development

Metal Loss Data From The SGP De-Ethaniser Overheads
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Conclusions

We determined the corrosion mechanism, which wasn'’t
widely recognised within the refining industry.

The mechanism was confirmed using software & laboratory
work in collaboration with Corporate Technology.

The on-going performance of the new SGP was monitored
using a non-intrusive corrosion monitoring system.

Technical solution was provided to reduce the corrosion
without impacting operations.

Installed an neutralizer injection system to reduce the
corrosion to a manageable level.

Thank-You For Your Attention

Any Questions?

12
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Hydrogen embrittlement of

austenitic stainless steel

Hennie de Bruyn (Borealis Group)
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HYDROGEN EMBRITTLEMENT OF
AUSTENITIC STAINLESS STEEL

Hennie de Bruyn
Chief Engineering — Materials Technology
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HE of Austenitic Stainless Steel
Incident & Background

* Cracker product separation

* Methane Pre-Stripper Column

* Incident
* February 2005
* Hydrocarbon leaks detected
¢ Icing detected

* Fugitive emissions were earlier
detected but believed to be leaking
flanges

Delagging of the vessel top

5 Penetrating cracks detected in the
top ellipsoidal head
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HE of Austenitic Stainless Steel
Incident & Background

* Design Code
* ASME Sec. VIl Div. |
 Material of construction
* ASME SA-240 grade 304L
¢ Thickness: 38mm
* Process
* Design: 36.5bar(g) / -150°C
* Actual (top): pH, > 2bar(g) / -108°C
 Column Dimensions
* 29150mm (tangent-to-tangent line)
* 2100mm ID
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HE of Austenitic Stainless Steel
Repair

* Removal of top ellipsoidal head
* Crack removal — grinding

» Weld repair

* Heat treatment

* Solution annealing

* Re-welding of head to vessel

Page 4
17.02.2005

Copyright © 2005
alis AIS

Bore:

Reference SHAPING the FUTURE with PLASTICS




HE of Austenitic Stainless Steel
Investigation

* Removed crack for investigation
* Visual examination

* Hardness measurements

« O-ferrite measurements

* Fractographic examination

* Metallographic examination

» Chemical analyses
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Borealis

HE of Austenitic Stainless Steel
Visual Examination

* Cracking penetrated the shell & weld

¢ Cracks & deformation bands detected
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HE of Austenitic Stainless Steel
Hardness Measurements

Head Knuckle

Brinell (HB) measure on internal surfaces

Weld Head near Weld
: )
Average of 5 readings * Shal
Position North East South West Average
Head Top 313 293 338 368 328
Head Knuckle 440 442 394 374 407
Near weld 345 347 362 339 348
Weld 293 341 273 313 305
Shell 316 240 272 323 287
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HE of Austenitic Stainless Steel
Ferrite Measurements

Head Knuckle

Measured on internal surfaces

Weld Head near Weld
b
B shel
Position North East South West
Head Top 8.5 11.8 9.3 11.3
Head Knuckle 18.5 23.0 18.4 16.6
Near weld 31.9 27.8 30.5 36.7
Weld 10.1 10.2 9.7 8.9
Shell 6.9 6.4 3.3 7.3
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HE of Austenitic Stainless Steel
Fractographic Examination

Figure 10, o

’ R

\

Figure 13 Figure 12 \

Weld = = -
Outer surface of the tank

| I'IIII|IIII|I
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HE of Austenitic Stainless Steel
Fractographic Examination

*Cracking in mixed-mode

eIntergranular &
transgranular cleavage

*Positions 7, 8, 9,10,11,&
12
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HE of Austenitic Stainless Steel
Fractographic Examination

*Ductile fracture near the
weld (position no. 13)
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HE of Austenitic Stainless Steel
Fractographic Examination

: Figure 17
Figure 19

%"

F igure. TRs

Initiation area Inner surface of the tank

Page 12
17.02.2005
Reference SHAPING the FUTURE with PLASTICS




HE of Austenitic Stainless Steel
Fractographic Examination

re Brittle fracture

e Y e

«Brittle to ductile transition at
the heat affected zone
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HE of Austenitic Stainless Steel
Metallographic Examination

*Microstructure of the
base material,
electrolytically etched in
NaOH

*Appr. 10% o-ferrite

*No intermetallic phases
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HE of Austenitic Stainless Steel
Metallographic Examination

*Microstructure of the
base material,
electrolytically etched in
10% oxalic acid

*Note the presence of
martensite in deformed
austenite grains

«d-ferrite noted
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SHAPING the FUTURE with PLASTICS

HE of Austenitic Stainless Steel
Metallographic Examination

*Microstructure of the
base material
electrolytically etched in
10 % oxalic acid

*App. 50% martensite in
deformed austenite
grains.

*Presence of d-ferrite
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HE of Austenitic Stainless Steel
Metallographic Examination

*Bottom - weld metal

*Middle - heat affected
zone

*Top -base material
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HE of Austenitic Stainless Steel
Metallographic Examination

metal

5 —10% O&-ferrite
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*Microstructure of the weld




HE of Austenitic Stainless Steel
Metallographic Examination

«Crack tip area etched
electrolytically in 10%
oxalic acid

*Note that the crack has
propagated through the
heat affected zone (HAZ)
and into the weld.
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SHAPING the FUTURE with PLASTICS

HE of Austenitic Stainless Steel
Metallographic Examination

*Microstructure of the
base material with a
parallel crack to the main
fracture
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HE of Austenitic Stainless Steel
Metallographic Examination

*Base material with a
crack parallel to the
fracture

«Cracking through the
austenitic grains, but
following secondary grain

*Boundaries

«Cracking through the
martensite phase, and
deformation twins also
observed

X 500
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HE of Austenitic Stainless Steel
Conclusions from the investigation

* Presence of martensite
* High level of deformation resulted in the formation of strain-induced martensite

* Heat treatment
* Vessel top head was not heat treated (solution annealed) after forming

* Type 304L is not a stable grade with regards to martensite formation at low
temperatures

¢ Solution annealing could have prevented the formation of martensite
* Cracking mechanism

* Hydrogen is present in the process gas (pH, > 2 bar)

® Cracking was caused by hydrogen embrittlement
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HE of Austenitic Stainless Steel
Remaining questions

* By what mechanism does hydrogen charging occur at very low
temperatures?

* No significant corrosion mechanism to generate atomic hydrogen
* No cathodic couple to charge the martensite bands with hydrogen
» Who should have been responsible to specify solution annealing of
the ellipsoidal heads after forming?
* No clear in ASME Sec. VIII Div. |

* UHA-6 states: “Specific chemical compositions, heat treatment procedures,
fabrication requirements, and supplementary tests may be required to assure
that the vessel will be in its most favorable condition for the intended service”

* Who should have know this? The process licensor, pressure vessel fabricator or
user?
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Naphthenic acids corrosion

A. Invernizzi, S. Trasatti (University of Milan)
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