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Agenda EFC WP15 Spring meeting 17-18 March 2005

17 March
10h  Welcome by Statoil
10h15 Report on EFC and WP15 activites
Finalisation of the agenda
11h  Preparation of the CUI guideline
All together dinner
18 March
Sh Open subjects of discussion from the particpants
Continuation of the CUI guideline
14h  Closing of the meeting

WP 15 meeting March 17-18t" 2005

Presentation of the activities of WP15

European Federation of Corrosion (EFC)

* Federation of 32 National Associations

» 19 Working Parties (WP) + 1 Task Force

» Annual Corrosion congress « Eurocorr »

» Thematic workshops and symposiums

» Working Party meetings (for WP15 twice a year)
» Publications

» EFC - NACE agreement

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

WP 15 meeting March 17-18t" 2005




European Federation of Corrosion (EFC)
http://www.efcweb.org
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EFC Working Parties

: Corrosion Inhibition
: High Temperature
: Nuclear Corrosion
: Environmental Sensitive Fracture
: Surface Science and Mechanisms of corrosion and protection
: Education
i Testing
: Marine Corrosion
: Microbial Corrosion
: Corrosion of reinforcement in concrete
: Computer based information systems
: Corrosion in oil and gas production
: Coatings
i Corrosion in| the refinery industry
: Cathodic protection
i Automotive
: Tribocorrosion
: Corrosion of polymer materials

» Task Force 2: Corrosion and Protection of steel structures

WP
WP
WP
WP
WP
WP
WP
WP

I
$O VO

WP’ 15 was createdi in sept. 96 with| J. Harston as first chairman
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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

Publications

WP 15 meeting March 17-18t" 2005

EFC Working Party 15 <« Corrosion in Refinery » Activities

WP Meetings
-One WP 15 working party meeting in Spring,
(this one on 17-18 March 2005 in Trondheim)

-One meeting at Eurocorr in conjunction with the conference,
(next one during Eurocorr 2005 4-8 September in Lisbon)

Eurocorr Conference sessions (September)
Refinery Corrosion Session
+ Workshops or Joint Session with other EFC WP parties
(as decided in 2003 spring meeting)
WP 3: High-Temperature Corrosion
WP 1: Corrosion Inhibition
WP 13: Corrosion in Oil and Gas Production

WP15 page in EFC Web site
http://www.efcweb.org/WP_on_Corrosion_in_the_Refinery_Industry.html
WP 15 meeting March 17-18t" 2005 .




° EFC Working Party 15 <« Corrosion in Refinery » Activities
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° EFC Working Party 15 <« Corrosion in Refinery » Activities
h'r'rpz/ /www.efcweb.org/WP_on_Corrosion_in_the_Refinery_Industry.html
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Eurocorr 2005 Refinery sessions

Workshop 7 " Corrosion and remedies to fight naphtenic acid corrosion
(with WP1 "inhibitors")

Session N " Refinery corrosion and failure cases"

Key note lecture due to the EFC 50t Anniversery (by the WP Chairman)
50 years of progress in the management of corrosion in the refinery industry
Volonteers to review my paper and to give comments ... 2?2?

WP 15 meeting March 17-18t" 2005

Eurocorr 2006 Refinery sessions topics ?

EUROCORR |

Reliability management of technical systems

September 25 - 28 2006, Maastricht, The Netherlands

http://www.corrosiecentrum.nl/eurocorr2006/

Workshops and thematics for refinery corrosion dealing sessions ?

WP 15 meeting March 17-18t" 2005



Publications EFC Guideline n°40
« Prevention of corrosion by cooling waters » available from Maney Editor
http://www.maney.co.uk/search?fwaction=show&fwid=623
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Publications

« EFC Guideline n°40 « Prevention of corrosion by cooling waters » available
from Maney Editor http://www.maney.co.uk/search?fwaction=show&fwid=623

*EFC Guideline n°® 42 Collection of selected papers (available spring 2005)
*EFC Guideline on corrosion in amine units (John Haston finalises the review)
*EFC Guideline on Corrosion Under insulation (we are working on it)

*Future publications
* Collection of papers of Eurocorr 2004 joint session WP 3 + 15
* Typical refinery failure cases booklet ?

* other suggestions ?

WP 15 meeting March 17-18t" 2005




Appendix 3
Proposal of future topic on FCCU

Nicholas Dowling Shell Global Solutions
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@ Shell Global Solutions

PROPOSAL FOR EFC FCCU
MATERIALS AND CORROSION REVIEW

WP 15: Refinery corrosion group

Outline

- Reason for review: Development of new resources
« Goals: Exchange of experience in European refining

- Distribution of work among oil companies &
contractors

- Development of ideas and new technology
- Adoption of new methods, technology

- Become more competitive globally

Shell Global Solutions




Why the FCCU?

- Fluid catalytic cracking technology provides gasoline
and diesel for Europe’s transport needs

« The FCCU frequently has the highest margin

« FCCU technology is complex involving many
materials

- Small improvements can produce big gains

- Exchange of experiences will improve Europe’s
technical position (less weak)

- Technical licensors are not impartial! (End users self

Shell Global Solutions

Proposal for EFC 15

+ A general exchange of FCCU end-user information

« The exchange should begin by a series of
presentations by the main end-users and their
contractors

- The exchange should take the form of open
presentations -Materials selection (replacement)

-Welding, erosion, corrosion, hardfacing
-Erosion-resistant refractory (methods)

General units should be divided into segments with
h segment adopted by an end-user.

Shell Global Solutions




FCCU Segments

SECTOR

POSSIBLE ADHERANTS*

Reactor

Regenerator

Light ends (fractionation)

Slurry lines and bellows

Y/V piece area (injectors)

Flue gas system (tertiary, CO
boiler, precipitator etc.)

mm{o|O|®m|>

PRT Expanders and blowers

®

Slide valves

Shell Global Solutions

Reactor

- Cladding?

- Diplegs

- Steam strippers
- Riser

- Reactor shell: 1.25Cr-0.5Mo
« Cyclones (CS, 1.25Cr, 2.25Cr) coupled/non

- Refractory (hexmesh, s-mesh, anchors)

- Main issues: Creep embrittlement, cyclones
replacement, operating temperature

Shell Global Solutions




Regenerator

+ Regenerator shell (CS)
« Plenum

« Cyclones 304H (welding)
- Refractory

« Air grid technology

« Torch oil lines

. Catalyst entry

- Mains issues: High temperature, erosion, thermal
ansion, embrittlement

Shell Global Solutions

Light ends

- Main fractionator: Packed or not?
« Internal corrosion?

- Water wash?

- Packing metallurgy?

- Overhead temperature?

- Effect of Chlorides, cyanides, sulfides, water:
Corrosion

bonate cracking (low sulphur)

Shell Global Solutions




Catalyst systems

- Slide valves: Erosion (nitrogen flushed?)

. Catalyst lines (refractory), dissimilar welds
« Charge injectors

- Steam injectors

« Spent catalyst lines

+ Risers (internal/external)

- Regenerated catalyst lines (dissimilar welds)

Shell Global Solutions

Specials cases

- Dynamic compensators (Bellows)
« Slurry lines

- Refractory installation (cast, gunite, RESCO and
anchors)

- Flapper valves, Chinese hat valves, birds cage
« Column extensions (problems)

« Reactor extensions (problems)

Shell Global Solutions




Flue gas systems

« CO boilers
- Tertiary separation
- Electrostatic precipitators
« Wet slurry precipitators
- Lobster-backed Mitred bends
« Orifice chamber erosion
« Flue gas duct metallurgical problems

Shell Global Solutions

Rotating equipment

- Blowers

- Power recovery trains (expanders)

+ Pumps

Shell Global Solutions




Summary/Conclusions

« Process conditions in a FCCU do encourage repetitive
forms of material degradation

- Materials and corrosion problems have many potential
solutions

- Experience of specific problems in end-users and
contractors is very useful during unexpected
shutdowns

« No one company is the source of all information

- Collaboration on degradation issues improves plant
2ty for all plants!

Shell Global Solutions
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Fin fan tube failure

Andrew Kettle Chevron Texaco
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ChevronTexaco

FIN FAN TUBE FAILURE AT
PEMBROKE REFINERY

Dave Hawkins — Inspection Engineer
March 2005

© ChevronTexaco 2002

The Failure

On Monday 21st Feb 2005 a carbon steel fin fan tube failed on
1-E-22 diesel cooler. The tube was located on the top row 1m
from the outlet end. Initially, it was thought that the tube failure
was due to over pressure, the fins had split for a length of
200mm. After removal of the damaged fins it was evident that the
failure had been caused by external corrosion that had developed
underneath the L-fin type design.

Tube material: A214

Design Pressure: 5.3 KG

Design Temperature: 100 deg C
Operating Temperature: 45 Deg C
Service: Light diesel

Length of service: 24 yrs

ChevronTexaco




The Failure

Chevronlexaco

Tube Fin Design

There are generally two different type of fin design and the
way in which they are attached to the tube. The two types are
used for different services. See below

L-FIN TUBE

Used for moderate temperature service, with a maximum
design temperature of 150° C. The fin strip is formed into 'L’
shape and tension wound onto the base tube. The feet of the
fins cover the whole surface between fins.

G-FIN TUBE
This type of tube is designed for a maximum design
temperature of 450° C. A helical groove is cut into the tube, the

fins are peened to push the displaced metal back into the fin
to form a strong mechanical bond.

ChevronTexaco S




Equipment Preservation

L-FIN TUBE

Chevronlexaco

The design of the L-Fin type is a cost effective way of
providing the required contact between fin and tube that
will produce the calculated heat transfer rate. However,
in this particular case the L-fin designh has caused tube
failure by trapping rain water between and under the fin
feet resulting in under fin corrosion.

Tubes with G type fins should not exhibit a similar
corrosion problem as this design will not trap water and
will drain freely.

ChevronTexaco




Inspection

After the failure, random top row tubes were subject to a radiographic survey. This
indicated no material loss beneath the fins. It was decided to carry out a more
comprehensive survey using IRIS (internal rotary inspection system). IRIS is an
ultrasonic tube thickness measuring device, as apposed to Eddy current which
measures volumetric loss. A 100% survey was carried out.

Results from the IRIS survey indicated that instances of external tube corrosion
had occurred predominantly on the top row, as expected the lower 5 rows exhibited
very little external loss. Of the top 48 tubes, 10 exhibited external loss in excess of
50% wall thickness, whilst 3 of these had lost as much as 70%. The areas of
corrosion occurred randomly at the tube sheet ends or intermittently along the full
length of the tubes.

Further radiographs were taken at the corroded locations identified by the IRIS
inspection and it has been concluded that radiography is a suitable method to
detect this type of corrosion. There are however limitations:

Access for placement of radiographic film is only possible on top and bottom row
tubes adjacent to the header boxes.

Tube condition can be measured in one plane only.

ChevronTexaco

Inspection
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Recommended Actions

A full review of all Pembroke Refinery air cooled exchangers is to be
carried out using fin design and design/operating temperature as
conditions to assess integrity risk. An inspection strategy is yet to be
developed but will probably consist of the following:

In-service
random radiography of top row tubes to assess the immediate risk

Visual inspection of the top row tubes — part fins and examine fin feet
for evidence of corrosion products or mechanical distortion/damage.

Turnaround
Internal inspection of top row tubes using the IRIS system

Recommendations

Review all air coolers for susceptibility to top row atmospheric
external corrosion

Stipulate G-Fin design for all new and replacement air cooler tubes

ChevronTexaco S
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Direct fired heater integrity failure

Nicholas Dowling Shell Global Solutions
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DIRECT FIRED HEATER
INTEGRITY F;REVIE‘IW |SSUES

Y

4

1
Shell Global Solutions -t
OGEIl/1 Materials and

I nspection engineering

Introduction

- Heaters are an integral part of modern petrochemical
plants. Reliability and availability is critical to ensure plant
productivity targets are maintained

- Despite design differences, heater materials of
construction and process fluids are often similar allowing
integrity to be managed systematically and effectively.

« This presentation illustrates some of the common heater
integrity issues that must be managed and/or mitigated and
how this can be realised through the application of H-FAIR

Shell Global Solutions 2




Contents
- Introduction to the heater FAIR

« Main areas of concern
- Basic heater geometry
«  Common heater integrity problems
- Radiant section
- Convection section
- Hangers and guides
- Refractory materials

« Inspection and maintenance

Conclusions for the heater FAIR
approach

Shell Global Solutions 3

HEATER-FAIR Allows best practice processes to

be implemented

( Strategic and economic \
targets

| Process conditions |

3 Inspection Strategy (S- 0

7 RBI = Lo

& _) 8 Optimised heater
5‘ < | Maintenance Strategy | >5_ || asset performance
;')) Control and 4]

c Instrumentation Systems @

| FFP-Lifetime management |

Information management
K systems )

Shell Global Solutions 4




Heater equipment subsections

« Process fluid issues: Corrosion, erosion, coking, carburisation

- Process operation issues: Fuel/air ratio, volume flow, cycling operation
(effect on materials)

- Radiant section: Tubes, hangers, piping, guides, refractory spalling,
inspection, welding maintenance, corrosion, age related degradation .

- Burners, burner mounting and cones (proprietary technology)

« Convection section: Supports, hangers, piping, stubs/rings, soot
blowers, ash removal, refractory integrity.

- Pipework and ducting: creep, dew point/acidic corrosion, weldment
cracking

- Civil engineering: Concrete support pillars and apron, fire-proofing of I-
beams,

Electrical and control: Earthing, valve insulation, sight glasses, Tl
lacement and monitoring

Shell Global Solutions

Common degradation issues per
subsection

e« Radiant and convection tubes

Sulphidation, Naphthenic acid corrosion, Erosion, Creep,
Carburization/metal dusting

e Refractory
Cracking, spalling, ash/CO deterioration
under refractory dew-point corrosion

e Hangers and guides

Creep, cracking, thermal expansion problems, transformation,
corrosion

e Civil works: Concrete

Deadweight loading, fatigue, under-fireproofing corrosion, cracking,
rebar corrosion

. Dew point corrosion

%\; Shell Global Solutions




Main area of concern: Tube Metal
Degradation

e Embrittlement
e Corrosion
e Metallurgical changes
- creep
- intermetallic phases
- grain growth
sensitisation of SS and Ni alloys
Carburisation/decarburisation
graphitisation
e Deformation
- creep

- distortion

- mechanical

Shell Global Solutions 7

Basic designs: Cylindrical vs rectangular cabin
Scaffolding and access issues for inspection and maintenance

M ain.distinction:, Ver tical versus

hori zonial fur nacéiéﬁcﬂburner location
- RN q
WA

Shell Global Solutions 8




Variation dueto:

CCR..))

Heat-recovery needs =
Firing mode —
Environmental =_@

constraints rl E

Designs:

Licensor (Foster
Wheeler, Huertey
etc..)

Process (eg. CDU, e m i e oo

COMMON HEATER
INTEGRITY ISSUES

Shell Global Solutions 10




Old heaters

Constructed in *60/" 70s
Old technology

Still viable but not efficient
Optimization required

Radiant section
Convection section
Burners

Flue gas ducting

Shell Global Solutions

11

1) RADIANT SECTION

Shell Global Solutions

12




Fire box

* Flame impingement

* Flame shape

* Deposits on tubes
* Haze

* Rubble on floor

* Sagging tubes

* Broken hangers

Horizontal furnace layout

General layout for naptha cracker (ethylene) furnace

(o] T ‘5

7 "Q‘. i
Inspection areas. Hardness, carburization, metal
dusting, erosion depends on time in service (skin

temperature)

Shell Global Solutions 14




Vertical furnace: Creep

Long term — life exhaustion

Short term rupture

Catastrophic overheating

r—
7 'Il_-_uﬂ.-_
Pl el TR

* FFP methodologies can be employed to
| underwrite long term performance

»Operational procedures can be

optimised to prevent upsets

Shell Global Solutions 15

Effect of coking on creep

Temperature excursion
Higher temperature
produces coke

TUBE WALL

rhecokeinlaesthe y R

steel wall from the
cooling effect of the
process oil/gas

The local temperatures
exceedsthe

metallurgical limit:
RUPTURE

Shell Global Solutions 16




Overheating — steam-air decoking of heater with zero flow

» Rapid plastic bulging of
tubes

 Internal coking

* Rupture of bulged pipe

* Internal explosion (in
radiant section)

* Flame impingement,
Massive refractory
spalling
Mechanical shell
failure(vertical loading
with bending moment)

Appropriate procedural guide}.ilr_-l
required -

Shell Global Solutions 17

2) CONVECTION
SECTION

Shell Global Solutions 18




Convection tubes (stubs) |

Sulphur and ash
accumulation

» Accesseasy for
header boxes
* Accesshard for
tubes
* Inefficient air flow
» Safedrainage of
cleaning agent

Shell Global Solutions

Air Preheater — flue gas dew point corrosion

Flue gasside Air siderepair

Corrective action: Better process control and
targeted inspection

Shell Global Solutions 20




3) HANGERS AND
GUIDES

Shell Global Solutions 21

Elbow guide cracking

Vibration and debris
build up
Inspection problems

Gas —fired gas heater
versus oil-fired heater:

Considerable difference

Shell Global Solutions




Thermal expansion cracks in a CDU heater
convection section hanger beam

Alloy 50Cr-50Ni

Shell Global Solutions

23

Cracking and corrosion of heater supports

Materials information:

1) Support: Ni-based alloy
(heated to flue gas
temperature)

2) Materials options

3) Trade off: corrosion
resistance against creep
strength

4) Problem of cost

Shell Global Solutions

24




4) REFRACTORY MATERIALS

Shell Global Solutions 25

-Determine any falls
in refractory

- Plan shell, anchor and
refractory replacement

26




Refractory rubble

* Installation problems

*  Operational problems

» Difficult geometry

» High bridge wall temperature
* Inspection?

* Periodicity?

Shell Global Solutions 27

Burner lining corrosion

Attack of burner lining by fuel ash

Shell Global Solutions 28




Top fired furnaces

Outside

Shrinkage of insulation packs

Burner block material failure

Shell Global Solutions
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Internal loss of refractory material

Loss of internal refractory
leads to burn though

Loca burn-through of steel shell

Shell Global Solutions
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Shrinkage and crack patterns

Excessive shrinkage in cold joint Normal crack pattern in gunnited medium
increased risk for hot spots weight concrete

Not every crack is detrimental

Shell Global Solutions 31

Accumulation of
condensation debris
in duct

Infrared
measurements of
piping external
temperatures

Fluegas duct operated at too low temperatures
(lining overdesigned)

Condensation and attack of steel work

Shell Global Solutions 32




Refractory lining inspection

+ IR & visual inspection during operation

+ Debris on heater floor and loss of material

- Excessive lining cracking

- Refractory spalling (falling off in clumps)

- Crack pattern in relation to material properties
« Glazing and or softening of the lining surface
« Loss of bonding in the lining material

« Lining corrosion (ash — CO damage)

Shell Global Solutions 33

INSPECTION AND MAINTENANCE
STRATEGY
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Metallurgical and refractory inspection

e Degradation e Morphology
mechanlslrgs . Pitting
« Metal dustin . -
o ; « Metal loss/wide pitting
« Sulphidation/naphth.
acids/erosion/Oxid. « Cracks
« Thermal Fatigue « Oval./Bending
» Deformations « (normally no problem,
- Bad refractory cracking if stressed cold
installation during SD)
= ASh/CO effects « Intercrystalline cracking
« Embrittlement .
- Sensitisation = Microstr. Changes
« Metall. Changes « Fineintergranular cracking
PASCC

e Inspection type

« Numerous methods
« Periodicity

o Assessment of heater
« Point system

« Criticality assessment

Shell Global Solutions 35

Optimise Furnace Integrity and Performance

- Furnaces are a BIG potential source of extra revenue
through limiting costs and increasing availability.

« The FAIR project benchmarks current heater asset
management practice and policy

- The FAIR determines principal threats and opportunities for

each furnace

« Provides a GAP analysis between actual individual practice
[furnace availability with that of highest score equipment

« Output shall be used to develop and tune “best practice”

policies and procedures for asset optimization

Shell Global Solutions 36




FAIR Deliverables: Heater optimisation

« Inspection of heater and its performance
Health check of existing equipment
Identifies areas of need and optimisation
e Tuning of process: Firing rate/fuel and hydrocarbon throughput
« Elimination of deleterious practices
e Rating of heater against others: Adopting better operational methods
« Efficient firing operation (hotter product for less gas/fuel burnt)
e Lowering of future inspection and maintenance costs

e Increase in availability

Shell Global Solutions 37

Conclusions for the heater FAIR approach

Division of unit into work zones: 1) Radiant, 2) Convection 3)
Outlet manifold, 4) Stack, 5) Civil works, 6) Electrical and
Control

- Reliable historical inspection data
- Access to good operating data for the past runs

- Accurate as-built and up to date modified engineering
diagrams

- Comparison with a benchmarked data base to provide
future reliability estimates and planned turnarounds

- What does your plant do?

Shell Global Solutions 38




Appendix 6
Corrosion Under Insulation Guideline
Information on

http://project.ifp.fr/cui-efc-wpl5

Minutes of EFC WP15 Corrosion in the Refinery Industry 17-18 March 2005
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