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COKE DRUMS ISSUES

ACoke drums are special pressure vessels subjected to strong and varied transien
loads.

AThey are expensive items with a long manufacturing cycle, therefore a realistic
and accurate life prediction can save a lot of time and money.

Alt is vital to know as much as possible their actual condition.

AThe owner must have plans for:
- Long term operation, Inspection, Repair and Replacement

AUsual questions:

A How many cycles are there left?
- To crack
- To through wall crack
AWhat is to repair and when?
A How can we extend the lifetime of the drum?
- Structural modifications
- Operational optimizations




MAIN DAMAGE MECHANISMS

A Low-cycle fatigue from thermal transient
A Large cyclic stress sources:
A Thermal distributions generated by: coke bed interactions, random
local flows through coke bed and around it near wall
A Thermal heating and cooling rates
A Embrittlement due to the long term exposure to high temperatures

FATIGUE ASSESSMENT PROBLEMS

A Low-cycle fatigue is the most important damage factadow number of
high value stress range cycles add more fatigue than a high number of low
value stress range cycles.

A Hard to assess the stress range over a cycle due to tmifiam and
continuously changing temperature map of the walls.




STRESS ASSESSMENT

In order to address these problems we developed a stress assessment method bas
on temperature monitoring using thermocouples.

A Thermocouples advantages
I Able to provide a complete image of the temperature field on the entire coke drum surface

I Through the mapping of the temperature on the drum surface we may:

A Assess the stressa@very point with a fair accuracy

Aé even in the points where a strain gaug
A Assess the intensity of thermal shocks

A Study the coking process and the possibilities to optimize it

A Classical method- Strain gauge
I Precise, in a single point on the outer face of the drum

I No information about the stress state around the measuring point. On the other face it
depends on the curvature of the wall, i.e. the temperature map i

I Impossible to set in some locations
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DATA ANALYSIS

The recorded data are processed in order to estimate the temperatures in any
point of the coke drum, using specsalftware developed by Nuclear NDT
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Atypical cooling cycla the cooling fluid touches the wall at level +14




Total time with temperatures over 450 [hours]

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000 I
o | TSN il HESS BB 2SS L_|

Cone Cone Skirt -Skirt - Level Level Level Level Level Level Level Level
“45m -30m 1,7m 10m Om 2,5m 5m 75m 10 m 14 m 18 m 22 m

EMinimum  @@@Maximum e=Medium value

Temperature gradients, horizontal plané&€{m]

200
180
160
140
120
100
80
60
40
20
0
Cone Cone Skirt - Skirt
45 3,0 1,7 1,0

1evel OLevel 2,3 evel bBevel 7,9 evel 10Level 14Level 18Level 22

B Minimum B Maximum = Medium value

Total time at
temperatures
greater than 454,
extrapolated from
the temperatures
measured over the
monitored period.

The highest
temperature
gradients are on the
cone area, followed
by the lower half of
the coke drum.
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COKE DRUM DISPLACEMENT

Maximum top displacement [mm]

120.0

U Measured top
displacement:
800 13,9+ 131,6 mm.

U Maximum design
value is152,5 mm.

U In 3% of the
monitored cycles
the top
displacement went
over 100 mm.

40.0

MO0

U Thereis a
preference for the
directions N (55%)
and V (59%).
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HOT SPOTS
Skirt attachments,

Tri-metal joint seams,

Circumference seams in shell,

Nozzles, Miscellaneous, attachments, Bulge peaks and valleys




