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Coke Drums Self Destruct

Coke Drums are pressure vessels in batched,
thermal cyclic service.

Operated for maximum production goals.

Cyclic wear and tear from thermal expansion self
constraint is seen as metal fatigue and defect
crack growths.

Eventually leaks happen.
And cracks are repaired.
And sometimes they are prevented.
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Thermal Issue

Fast Quench creates problems at internal
tri-metal joint seams and skirt attachment.

Local flows of hot vapor and local flows of
cold water create self constraint problems
In drum wall and skirt — hot metal opposing
cold metal displacement

Hot-Cold sides of drum create leaning —
panana

_eaking of flanges
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FATIGUE LIFE CALCULATION FOR A SKIRT — FEA

Improved Prediction Using Actual Thermal Transients

*Design (by others) predicted

152 years Finite Element Model vs Reality

*SES Transient analysis
performed prior to T/A

Maximum stress intensity
range during transient =
143,430 psi

» Using ASME code Section
VIII Division 2 fatigue design
Table 5-110.1, UTS < 80 ksi,

a fatigue life of 1228 cycles
was obtained.

B — STRESS
s == ENGINEERING

——dl SERVICES INC.



Economic End of Service Life

Low Cycle Fatigue from thermal cycling and self
constraints has acted on all areas of the drum, especially
at places that have highest stress due to geometry.

Fatigue Damage accumulates exponentially.

Crack growth begins in Second Stage of Service Life
and completes in a short Third and final stage.

Through wall cracking leaks steam and/or self igniting
hydrocarbon vapor depending when in the batch cycle.

Continuous damage repair costs and lost production
time exceed the profitability of the unit and other related
operations of the refinery.

B — STRESS
s == ENGINEERING

——dl SERVICES INC.



Summary of Fatigue Problem

Coke drums suffer fatigue damage from several causes which can be
accelerated if not managed properly and these can lead to premature
and repetitive cracking.

Solutions focused on a single cause may overlook the other
contributors today or tomorrow.

Severe thermal gradients are the result of other conditions such as
global flow channeling along drum walls.

Fast quenching can create severe gradients.
Severe thermal rates create multiple problems.

Hard or Soft coke create different problems and these can change
with feed stocks and recipes.

Skirt is stressed during Fill and Quench, and the drum Cylinder/Cone
IS stressed during Quench.

Knowing your problem lets you solve your problem and
extend drum cyclic life.

Awareness starts with appropriate Equipment Health Monitoring

System.
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Typical Client Life Assessment

Questions

How long will it last?
When is the economic end of life?
How many cycles are left?

When will we have a through wall crack?
Which repair is best and when to repair?

How can we extend the end of life?
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Why are there Questions?

* Drums were not designed/fabricated for this
cyclic service
= Not Just a pressure vessel

= Service conditions were not fully understood or they
have changed

= Being operated for maximum economic return not
maximum life (in most cases)

* The game changes as the vessel changes
= Bulges and corrugations

* Conseguences — Safety, Environment, and

Financial
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Integrated Approach for
Coke Drum Life Extension Practice

Search for bulging and evaluate it. Reinforce to
reduce growth of Severity and accelerated Cracking.

Search for cracking and document size and growth.
Repair the cracks before they reach critical size.
Determine actual cyclic stress in shell and skirt.

Perform structural, mechanical and metallurgical
evaluation of the drum.

Develop Long Term Operation, Inspection, Repair and
Replacement Plans.
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Low Cycle Fatigue
Destroys Coke Drums

Fatigue damage will be present almost
everywhere in a delayed coke drum in cyclic
service.

Failures are created from Low Cycle Fatigue In
which the nominal yield strength of the material
IS exceeded repeatedly from thermal self-
constraints.

Fatigue damage accumulates with every cycle.
Cracking completes the fatigue life experience.
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A Design Fatigue Curve to Calculate Damage Per Histogram

Low Cycle Fatigue < 10,000 cycles

_

High Cycle Fatigue

—
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why, Where, How, and When do

Coke Drums Crack

Why ?

= Fabrication defects
Low Cycle Fatigue from thermal transient
Thermal Transients are becoming more Severe & Faster
Design details, materials, and weld procedures not adequate
Long term exposure to high temperature : Embrittlement

Where ?
= Circumference seams in shell
= Skirt attachments
= Nozzles (and repads)
= Miscellaneous attachments (rings, lugs)
= Bulge Peaks and Valleys
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why, Where, How, and When do
Coke Drums Crack

* How ?
= Fatigue cracking in 3 Stages for

Membrane and Bending Cyclic
Stress

= Clad initiation to base metal

= Peak Stress at gouges and
undercuts

o When ?

= During Holidays
= During Peak Season Productions

= Before New Drum Replacements
Arrive

= Between 3600 and 8000 cycles is
common

= Too Often

% Length of Crack at Failure
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Fatigue Crack Growth
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% of Cycles to Failure

Stage 1 : Fatigue is creating dislocations in
the metal that cannot be seen (0-50% of
Life).

Stage 2 : Cracks are birthed and grow in
length and depth (50-95% of Life).

Stage 3 : The crack depth reaches a critical
value that does not leave enough thickness
to adequately carry the load (Final 5% of

life).
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Sources of Large Cyclic Stress

Thermal distributions/gradients and self
constraint.

Thermal heating and cooling rates.
Coke bed interactions.

Random local flows through coke bed and
around it near wall.

Bulges amplify bending stress in hoop and axial
directions.
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CDB

—

cb Remote AET data acquisition:

—

A
/ AET system controlled by TC

Switch out CD A readings (Data acquisition when
TC’s from CDA and CDB are above
250-300°F)

Switch in CD

B\ Each time the system is activated, a
half cycle of AE activity for each
drum is captured

Switch out CD B

Switch inCD A

/

Data transfer via Internet or
client’s Intranet

A
v,

__Near real time data analysis v

Acoustic

Emission Testing
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Typical AE
transducer
distribution

In-service
monitoring
of coke
drums
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Equipment Health Monitoring System

1100 F Max

High Temperature
Strain Gage with
Intrinsically Safe

Instrumentation
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Drum Cylinder and Skirt
are Stressed Differently

During Filling, the drum is
stressed like a pressure
vessel.

Drum Shell is transiently
stressed during Quench.

* Local flow paths can
guench one side of drum
before the other.

/ * Drum Skirt is transiently

. stressed during Fill and
L / Quench.
! E °

\ o Middle chart shows Stress
B [ . vs Temperature for the 5

Hoop cycle trend in Top Chart.
v * Top and Bottom Charts are
Stress vs Time trend.
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Bulges Create and Amplify the Bending
Stress on Surface When Tension Applied
to Cylinder During Quench Transient

Pressure
end load PEL

Ring bending
Moment:

* Drum Tension created by internal pressure
end load reaction and local thermal

I
I
I
I
I
I
constraints during quench. M~dxF,_ I 8
* Membrane Forces are not at same diameter — > | ~
for valley and peak of bulge. | @
* This creates an axisymmetric Bending | g
Moment as tension tries to flatten the bulge. I %
* This Creates differential Hoop Stress and 0
Axial Bending Stress with Tension and D
Compression on opposite surfaces. , | %
* Local radius of curvature of bulge peak has C | =
large influence on bending stress. | =
* Unloading once max condition is passed, will Sharpness |
be linear elastic (used for fatigue calculation). ~is related to local |
* Residual plasticity will accumulate and grow FPEL curvature |
the bulge. |
* Cyclic tension stress areas will accelerate |
cracking. I
* Size and Sharpness matter! |
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Bulge Stress Amplification and Fatigue

Drums will resist mechanical and thermal loads by straining in
relation to current state of yield at every point.

Drums will unload elastically through an expanded range if
yield was exceeded.

Low Cycle Fatigue has been historically and usefully calculated
by ASME Code using elastic calculation.

Elastic analysis is economical to perform and uses first
principals of mechanical equilibrium.

Resulting amplification values can be compared globally on
the drum and ranked for severity and areas of inspection.

Bulge Severity Analysis uses Finite Element Methods and is
API1 579 FFS Level Il Analysis
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Weld Overlay for Reinforcement

Bulges create additional bending stress : surface stress
amplification zones.

Structural Weld Overlay creates strategically placed
extra thickness on bulge peaks or valleys.

The extra thickness will re-enforce a bulge and reduce
bending stress.

Bulge growth rate is slowed.

Crack growth is retarded.

Cyclic Life is extended.

Bulge Severity Is Less.

Should be done before severity is a threat if possible.
Benefit is realized with ID or OD designed Weld Overlay.
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Three Headed Problem

1. Fast Quenching can create non-uniform cooling of the
coke matrix and severe temperature gradients
(Thermal Issue, detected by TC and Strain Gage).

= Fast Quench creates problems at internal tri-metal joint seams
and create severe thermal gradients.

= Local flows of hot vapor and local flows of cold water create self
constraint problems in drum wall and skirt — hot metal opposing
cold metal displacement.

= Hot-Cold sides of drum create leaning — banana.
= Leaking of flanges.

2. Coke stiffness can create friction and resistance to
shrinkage of the steel envelope (Coke Issue, detected
by Strain Gage).

3. Bulging can create stress multipliers — bending stress
added to membrane stress (Bulge Severity Issue,
detected by Strain Gage and laser scan).
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Why Is Shot Coke a Problem?

Shot coke consists of loosely bonded
particles whose aggregate structural
stability is much less than sponge or
needle coke.

Consequently they may pack tighter in
the bottom of the drum due to
hydrostatic pressure of the weight of
the coke bed.

Flow channels will be less stable and
may not endure the full drum cycle.

Coke bed content is less solid, more
fluidized, with shifting masses causing
vibration.

Hence, all flows within the coke bed
will become very random, and

Flows most often found to be nearer
the drum wall rather than centered
and symmetric, especially with side
inlets.

Photos from Foster Wheeler
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Fast Quench Issues

Traditional Analysis methods assume a uniform average flow of water
upwards to remove heat from coke bed and shell at same time, or flows up thru
central primary flow channel.

Coke bed formation determines path of least resistance for water flow.
= Flow channel area and friction.
— Plugging and channel collapse creates new flow paths.
Permeability.
Porosity.
Collapse strength of coke matrix.
Fast Quench means the metal cooled quickly and the coke bed does not.

Temperature measurements suggest fast quench with flow near wall is
common with the use of side feed configured drums making shot coke.

= Generally random but not always aligned with Inlet Nozzle due to a
general swirl effect that often favors one side of drum.

This creates greater stress in shell/cone-cladding bond and at skirt weld.
= Creates greater stress at circ seams tri-metal junction.
This increases likelihood that hot zones remain in coke bed af;

RES.
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Flow Simulation Results - Straight Side-entry Nozzle,
Flow Condition #2 for high flow rate

The simulations represent the beginning of the coking process when VRC vapor is injected into an empty drum

Non-
symmetrical
recirculation

/ regions around

the inlet
Flow
NG impinges
Impingement —— upon the
region d rum
wall and
Close up view of flow in the inlet region goes up
Close up view of flow in the inlet region
Velocity (m/s) (on horizontal plane Velocit / _ ; : :
through the inlet; viewed from Pﬁ’;r:gl i/)(m 9 on Non symm etric reC|_rcu lati O n
above) region beneath the inlet will

encourage non uniform coke

insulation to form on gate and
The feed rate was a furnace feed of components

54,600 BPD (~2.0 API )
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Flow Simulation Results

The simulations represent the beginning of the coking process when VRC vapor is injected into an empty drum

R \b\\\‘t\\\ \\\\\ SRy (Wm T
NONAY - e
Symmetric 0 \\\\\\Q\\ AR \\m: e f,u, )
fIOW Of hot \ ‘:‘\\\\%\\\ \\\:\\‘s:‘: \}\ \\\\?\\:‘1‘“ L '—__-' B ////”/ S FE
Pt // [
\\ \\\\\ \\\\\ \\Q\\\\ 5 "_:-f’ L A f’:\‘ "
vapor \ a \\\ \ \\\\\% N \\l\ : ré N ff?’/,'f’.-
. . \:\\\\\Q:\% N fj /}/5,///;%//{:/ eI
inside the \, ‘\x‘g NN il Y Taa
drum 3 \\ o \-\-{ ‘\ ; __ =7 wrl
Note low circulation !
beneath nozzle on top * Goal is to restore symmetrical flow patterns to drum for hot
of gate will encourage oil feed and water quench, and encourage insulating coke

buildup on gate with minimum pressure loss.

* Encourage a central vertical flow of quench water that
guenches the coke bed and not the drum.

coke insulation to form
above gate and
insulate flanges.

®* Increase remaining cyclic life of the coke drum
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Later Cycles on Operating Drum with CF Device January 2012

Temperature
in the lower
cone section
closely and
suggests
coke
insulation on
cone greatly
reduces
temperature
at quench.

This reduces
stress in
drum and
skirt.
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Quench Water Flow
with Center Feed Device

The highly focused jetting can keep quench flow
centered in coke bed.

This will decrease the likelihood that quench water will
flow along the sides of the cone and drum and quench
steel instead of coke.

Quench stress will be less severe.

Stress measurement on skirt and shell before and after
Installation showed that fatigue damage decreased
37% and this extends the life of the skirt by 60%.
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Project
Coke Drum

Contacts:

281-955-2900
Thank You!

Claudio Allevato
claudio.allevato@stress.com
Richard Boswell
richard.boswell@stress.com
Ron Morrison
ron.morrison@stress.com
Al Hegger
al.heqgger@stress.com
Steve Hoysan
steve.hoysan@stress.com
Julian Bedoya
julian.bedoya@stress.com
Sathish Ramamoorthy
sathish.ramamoorthy@stress.com
Harbi Pordal
harbinder.pordal@stress.com
Brian Lance
brian.lance @stress.com

Kris Wernecke
kris.wernecke@stress.com
Derrick Rogers
derrick.rogers@stress.com
Bobby Wright
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