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| ntroduction
The design criteria of liquid distributor are weltablished for packed columns. However,

liquid distributor selections and design are stihallenging even for reputable vendors.
Overlooking the basics often result in costly opieral problems.

Case Study #1: Firein Ammonia Absorber Column

An intermediate petrochemical product is manufadtuusing ammonia as the main
feedstock. Unconverted ammonia is removed fromgdseous product by sulfuric acid absorption
in the absorber column. Ammonia absorber columatiso stage absorber equipped with two beds
of structured packing with high quality channel ugh type distributors and two cooled
pumparound circuits. Sulfuric acid is injected anédically to both sections, controlling pH in the
pumparound loops.

Gas outlet
T
)
r i < 1 H;SO4
Srro o
—>
. cwW
Ammonia
absorber EEEEEN
oo
—
e
Gas inlet —

—— | Excess liquid

Figure 1: Ammonia absor ber



Problem Description

Shortly after the shutdown for cleaning, the absprtolumn performance deteriorated.
Sulfuric acid consumption in the bottom loop drogypehile the acid consumption rose in the top
loop. In order to prevent ammonia break-througteramrs manually increased acid dosing to the
bottom loop and started the investigation to idgrhe root cause.

Column behavior indicated a problem with bottomtisec absorption efficiency. Tower
internals vendor was consulted but the companyuebed such problem could be caused by the
new tower internals (namely liquid distributor).h@t potential causes were investigated as well:

- sulfuric acid quality (low concentration)
- wrong control system readings (pH probes, acid wopgion measurements)

Various troubleshooting actions were performedhaydlient, including cross-check of lab analyses
for various streams, pH probes replacement and raaiérial balances; however, no abnormality
was identified. The client ultimately decided tdl @a an independent troubleshooter to identify the
root cause and to develop possible solutions.

Problem analysis

Field survey and observation indicated liquid ditror as a probable cause with possible
plugging, damage and/or tower upset that may h#ted the liquid distributor. As no improvement
was expected unless the liquid distributor probleas resolved, a short shutdown was planned for
column inspection and repair of the liquid disttidou

When the absorber column was opened we discovered:

- bottom section liquid distributor plugged and tilt@s expected)
- massive damage of bottom section structured padkisgrprise)

To make matters even worse, after removal of dathggeking, it was found that the
column shell was deformed in the bottom sectionewthermal insulation was removed it was
clear that the damage was caused by internal fireehe bottom structured packing bed,
a consequence of pyrophoric compounds self-igndiaing the shutdown operations.

What started as a small shutdown became as magowibh serious safety issues.

Finding the Root Cause

Investigation revealed the following disastrousicltd events:

- Plugged distributor, leading to lower bottom setidficiency.

- Operators’ wrong interpretation of column perform@mand subsequently overdosing of
sulfuric acid.

- Packing damaged by high acid concentration.

- By “design”, distributor was not properly secur@d.a cost saving protocol, the vendor by
default omitted the packing hold-down grid in thesidn. The liquid distributor was simply
supported by the structured packing underneaFBoitthis particular case, liquid
distribution quality deteriorated once the disttdnshifted/tilted due to dissolved packing
underneath it. Out of level liquid distributor lemlocalized dry spots across the packed bed
causing further deterioration in column performance

- Pyrophoric compounds accumulated in dry packing bed

- Fire during shutdown.



Cause(s) of Distributor Plugging

Absorber column has been revamped some years biickstnuctured packing and new
high quality channel trough type distributors. @ra column design had random packing and
ladder type distributors. Revamped absorber colwmonked well for several years.

Figure 2: Typical channel through type distributor

Figure 3: Typical ladder typedistributor

Problem started shortly after the shutdown formileg During the shutdown, pumparound
coolers were cleaned; column packing and distriisuteere washed but piping was not washed nor
flushed. It was postulated that liquid distributeas plugged by scale deposits released from piping
and column shell walls after unit startup.



Rust and scale deposits formation is commonly se®hreported in column operations.
This specific problem and design criteria were ubsed with the tower internals vendor before the
revamp took place. For unknown reasons, a distiibptone to plugging was selected but no
preventive measures were applied (no filter reqa)stThe design approach made plugging
problem practically inevitable.

Previously, operators had never encountered distnibplugging because of different
distributor type: ladder distributor did not suffeom plugging as its open construction allowed the
packing underneath to be wetted or washed. Thacgepient with a “new and better” channel type
distributor, though may be an optimum choice froracpss point of view but ignoring possible
plugging, resulted in a serious problem.

Causeof Fire

The shutdown time schedule was very tight so treodder column was blown with air
before all the packing was properly cooled. Pyrejgthcompounds formation was underestimated,
this column has never experienced problems assdaoreth pyrophoric material.

The overlooked moment was the wrong distributoecten that had led to fouled and dry
packed bed. As long as the distributor was finegkpd bed below was always wetted and
pyrophoric compounds did not form. The column caalkb be water washed and cooled properly
before opening of tower manhole. Plugged liquidrdiator allowed for pyrophoric compounds
formation and prohibited proper water washing dyshutdown.

Modifications
- Column shell was repaired in the vessel manufacsus@op.
- New tower internals were provided on an emergerasisb Channel type distributor was
replaced with a proven ladder type.
- Pressure transmitter was installed at distributdetipiping as an indicator of distributor
plugging.
- No filter was installed based on previous succéssfperience with ladder type distributor.

Results
Unit was successfully put into operation after i@éhweeks repair period. Absorber column
is operating well since then.

Morals learned from the Case Study

1) Newer is not always better. High distribution qgtyaldoes not always mean the best
performance in real sense. When selecting packeertonternals, particularly liquid
distributor, it is important to understand the agtion and the operational philosophy.

2) The case study demonstrated the importance of comeation with clients, not only during
design stage but also when clients consult foraden shutdown procedures.

3) Special procedures and precautions shall be impiadefor columns cleaning where
pyrophoric components may form, especially if wateshing efficiency is compromised
by the damaged distributor.



Case Study #2: Atmospheric column vibrations

Atmospheric distillation of crude oil is a core pess of any oil refineries. The technology
is well known for many decades and equipment delsaghbeen standardized, apparently leaving
no room for surprises.
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Figure 4: Crude ail distillation unit

Problem description
After the startup of a grass-root atmospheric lthston unit, a main fractionator column

could not be operated at design conditions. Whex feeater outlet temperature was gradually
increased to design value, column vibration wasentesi because of frequent hydraulic shocks in
pumparound section, and risk of flange gasket pdp{what happened at the first startup).
Hydraulic shocks could only be prevented at theeaegp of downgrading valuable diesel fraction to
atmospheric resids (AR) by keeping heater outlaptrature lower than designed value.

Hydraulic shocks were most audible in column purapad section thus a pumparound
return distributor was suspected as a possiblecaase. Tower internals supplier strictly rejected
this hypothesis, and refused to visit the plarg siaiming that “this behavior is not possible”.
Based on vendor statement, other potential causes ivwestigated:

- pumparound pumps cavitation

- vibration of heat exchangers and air coolers inptin@paround loops
- vibration / cavitation of check-valve at pumparouatiirn nozzle

- liquid flashing at pumparound return nozzle / dosttor

All the above possibilities were thoroughly invgasted but both observation and
calculations ruled out these possibilities. An jpeledent troubleshooting effort was in pursuit to
help resolve the problems.
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Figure 5: Pumparound inlet pipes before modification

Problem Analysis
Atmospheric column was started up in the followsegiuence:

While crude oil is circulated through the unit,efir heater is lit on and atmospheric
column feed is heated to its boiling point and abov

Vapors from the column flash zone were condensethenoverhead system and all
liquid is returned back as total top reflux.

When collector trays are filled with liquid fromehop reflux, top (TPA) and bottom
(BPA) pumparound pumps are switched on. At thet fimeoment liquid in the
pumparound loops is subcooled.

Column is slowly heated up and normal operatinglt@ns are established.

The list below was gathered via interview sessiaitis plant operators:

Operator did not observe column vibration whendbkimn is operated only with top
reflux.

Hydraulic shocks started only when pumparound puaneswitched on (liquid is cold).

Hydraulic shocks can be prevented only if P/A netdemperature is kept high.
High P/A return temperature has limited pumparowwbling duty and consequently
the feed heater outlet temperature. Maintainingadr fired heater outlet temperature
has resulted in loss of diesel to AR.

If P/A return temperature drops below a certairitlitmydraulic shocks started again.

It was difficult to switch from top reflux to pumpaund reflux.

Attempts to keep P/A return temperature as highp@ssible has resulted in longer
column startup and stabilization, up to12 hours.
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Hydraulic shocks are usually induced by unsteady pivase flow, either by liquid flashing
or vapor condensation. Based on field observatibigh, P/A return temperature prevented shocks
while low temperature induces shocks thus liquagting at P/A return nozzle was excluded from
the list. No matter how strange it sounded, thé cease of the problem is an instant vapor
condensation on cold liquid surface inside of th& feturn distributor.

Based on field observations and troubleshootergee&nces, following sequence for
hydraulic shocks was established:

Hydraulic shock (water hammer) mechanism:

- Hot vapor from column enters the distributor pipe @aondenses on cold liquid surface.

- Instant vapor condensation created local vacuuraftjdmside the P/A return pipe,
causing more vapor to be sucked into the pipe.

- High velocity vapor flow reversed the liquid flowrelkction, forming a slug inside of the
pipe.

- The resultant slug flowed in the opposite directagainst the main liquid stream.
Hydraulic shock resulted when the slug struck tleennhiquid stream.

- Once the liquid exited the pipe the vicious cyepeated itself.

Figure 6: Vapor backflow causing water hammer

Modifications

Column internals modifications were performed dgrin short shutdown. Both top and
bottom pumparound return distributors were equippeth hydraulic seals to prevent vapor
backflow.
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Figure 7: Pumparound inlet pipes after modification
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Results
Crude oll distillation unit was successfully startafter the modifications and reached

design capacity and product quality without anynsad hydraulic shocks. Atmospheric column
startup took only one hour, instead of 12 hourgrasiously experienced.

Morals Learned From the Case Study
1) Successful troubleshooting always starts from Eantey.
2) Overlooking the basics in column internal desigtemfresulted in costly operational

problems.



