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Summary:

The objective of this work is to demonstrate the importance of process simulation in the
design and operation of the plants through assessing a case study based on an actual
problem from an existing NGL plant. The problem is that the plant is shut down
whenever it is necessary to switch the gas flow from the turbo expander unit to the
bypass JT valve due to the absence of any information about the process transient
response during this switch. This shutdown and restart up last for three days with an
estimated cost of MM$ 5.91 due to production loss. The steady state and dynamic
simulation tools will be used to study the process transient behavior during the switch
and check if the switch can be done while the plant is running without shutting it down.
A comprehensive detailed steady state model for the whole plant was built using
PRO/II® and a rigorous dynamic simulation model was built for the De-Ethanizer Unit
using DYNSIM™ simulation software. The results from the two process simulation
models were analysed and it was found that the switch could be done without shutting

down the plant.
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ABSTRACT

The objective of this research work is to demonstrate the power and importance of
the process simulation in the design and operation of process plants. The research will
show how the process steady state and dynamic simulation models can be used to
design and optimize a case study from an existing NGL & LPG production plant. The
case study is based on an actual problem in which the plant was designed and built
based on process steady state simulation model only. The problem appeared when the
operation team wanted to switch the gas flow from the turbo expander unit to the
bypass JT valve. The operation team did not have any information about the dynamic
response of the process in case this switch was done while the plant was operating.
Accordingly it was decided to shut down the whole plant then start it up again using the
bypass JT valve. This shutdown lasted for three days corresponding to a loss of
production amounting to MMS$ 5.91.

This work will utilize steady state and dynamic simulation software to study if the
required switch could be done while the plant is running without the need to shut down
the plant and hence saving the cost of the shutdown. A comprehensive detailed steady
state model will be built using PRO/II® simulation software covering all the plant
process units. The PRO/II® model shall be used to predict the operating steady state
conditions of the plant under the turbo expander and JT valve modes of operation and
ensure that these conditions would give the required product market specifications. The
process units were analyzed to define the most critical unit under the JT mode of
operation and it was found to be the De-Ethanizer Unit. Accordingly a rigorous process
dynamic simulation model will be built for the De-Ethanizer Unit using DYNSIM™ to
study the performance of the unit under the new mode of operation.

The results from the PRO/II® steady state and DYNSIM™ dynamic process
simulation models were analyzed and the following main findings were obtained:

1. The operation switch from the turbo expander unit to the bypass JT valve
can be done smoothly and safely without the need to shut down the plant.
Accordingly the shutdown cost of MMS$ 5.91 could have been saved.

2. The operation switch cannot be done while the unit control system is on
Automatic mode. Specific switching procedures have to be followed to
allow the process to reach the new steady state conditions safely and
rapidly.

3. The gas production increased from 152 MMSCFD under the expander
operation to 154 MMSCFD under the JT valve operation. This 1.3%
increase in production flow rate is a result of the lower liquids recovery
achieved in the JT valve mode of operation.

4. The LPG production decreased greatly from 2,832 Std BPD under the
expander operation to 1,414 std BPD under the JT valve operation. This
50% reduction in production flow rate is a result of the changes in operating
conditions in the Turbo Expander Unit (Area-17) as a result of switching
the flow from the expander to the bypass JT valve.

5. The stabilized condensate production did not show any changes under the
JT valve operation. This is because the main source of the stabilized
condensate production is the raw condensate separated in the Three Phase



Production Separators Group which is then sent to the Condensate
Stabilizer Unit directly.

6. The shift in the production slate during the JT valve operation resulted in
reducing the products revenue from MMS$ 1.97/day under the turbo
expander operation to MM$ 1.83/day under the JT valve operation.

The models can be used to study and analyze other different operation and upset

scenarios as desired to predict the process response towards these scenarios and hence
enable proper decisions regarding process design and operation.

Xi



