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1. INTRODUCTION
This control philosophy refers to refrigeration package (Unit BOG-01/2) used to ethylene liquefaction ,to be installed in Stavrolen – Russia, following called “package”. Herein are defined the guidelines of the refrigeration unit control logics.
This document shall be read in conjunction with the followings:

·  “Process Flow diagram” (00994GPFA);

· “Piping & Instrumentation diagrams” (00994GTFA);
· “Cause & Effect diagram” 
1.1. Plant composition 
The refrigeration plant is basically made up of two interconnected circuits as follows:
Propylene Refrigeration Circuit consisting in:
· N. 1 Reciprocating compressor system by BCAG;
· No. 1 Propylene Water Cooled Condenser item E5803A;

· No. 1 Propylene Liquid Receiver item D5802A;
· No. 1 Flash Drum item D5803A
Ethylene Refrigeration Circuit consisting in:
· N. 1 Reciprocating compressor system by BCAG;

· No. 1 Ethylene Condenser item E4805A;

· No. 1 Ethylene De-superheater item E4804A;

· No. 1 Ethylene Liquid Receiver item D4802A
The above mentioned circuits are used one as a cascade cycle : propylene circuit is used to cool down the ethylene circulating in the other circuit in order to:

· Reduce the ethylene temperature between the two compression stages

· Condensing the ethylene after the final compression , in order to feed the ethylene tank (customer scope of supply) item D-4801A.

 The static part of ethylene circuit and propylene circuit has been placed on two different skids, located at every skid edge are installed the main junction boxes of the unit, the main control instruments, all the push buttons and lumps.
The compressor system will regulate its capacity depending on the required process heat load for condensing ethylene.
1.2. Control system Architecture

The control system mainly is composed by:

· N.1 DCS implementing the logic of the ethylene liquefaction plant (customer scope of supply).
Alarms, shutdowns and controls are carried out by Ex-i transmitters, connected to DCS. Separated transmitters for alarms and for shut-downs are used.

All transmitters are supplied with local display for indication.
1.3. Main control loops
Refrigeration unit control is based on the following main control loops:
· Refrigeration unit capacity 
· Flash Drum propylene level : in order to maintain the propylene feeding of ethylene de-super heater and ethylene condenser shell side, the liquid propylene should be laminated by LV-5852. The control of this valve is connected to liquid level in the flush drum, detected by LT-5852.
· Ethylene tank feeding: Ethylene receiver D4802A feeds ethylene to tank D4801A. The ethylene receiver liquid level is detected by level transmitter LT-4847 that acts on LV-4847 level control valve installed on the ethylene outlet line.
2. UNIT CONTROL
See Compressor Control Description overall N°TSP_20040426.

2.1 GENERAL SHUTDOWN
In case of general shutdown, the compressor stops immediately.

General shutdown is performed in the following cases:

· High High level from trasmitters;
· Low Low level from trasmitters;

· General shutdown from DCS;

2.2 GENERAL ALARM
The horn is activated.

The horn will be off only after pressing the “ack” (acknowledge”) push button.
3. PROPYLENE CIRCUIT LOGIC
3.1. FLUSH DRUM D5803A (LIC 5852)
Alarm’s & Control Functions

The refrigeration capacity required to cool down the ethylene to -42°C is provided by the vaporization of liquid propylene at -47°C in the flush drum D5803A. The flushed propylene boiling in the shell side of the Ethylene de-superheater E4804A and Ethylene condenser E4805A, is able to decrease the ethylene temperature till the final condensing value.
The propylene liquid level is indicated by a level gauge LG-5851 for operator information. The liquid level in the Flush Drum is also controlled by level transmitter LT-5852 that acts on the LV-5852 level control valve installed on the propylene inlet line. This control loop allows to keep a constant liquid level in the evaporators E4804A and E4805A (tubes of the bundle are fully immersed in the liquid propylene).

LOCATION
The Level transmitter is installed on D5803A Flush Drum .

PURPOSE
To inform operator of propylene liquid level and to protect the compressor from liquid carry over.

ACTION
Shift the Level Control Valve plug position toward 0% (unloading) when level signal exceeds set point and vice versa.
The LIC 5852 controller is a standard PID controller, as usual the three constant characteristics of the controller can be modified:

· Kp 
proportional or gain constant;

· Kd 
derivative constant;

· Ki 
integral constant;

Furthermore, the following can be set by the operator:

· The set-point [% or mm/h2o] ( liquid level);

· The dead band [%] (the band around the set-point, in which the controller does not act).

NOTES:

The LIC 5852 controller is reverse type, if the liquid level increase the LV 5852 valve Close. In the fail case the LV 5852 valve closes.
3.2. flash drum D5803a (pt-5850)
Flash Drum pressure is controlled by pressure transmitter PT-5850 that provide High/Low level alarm. Pressure transmitter PT-5850 acts on ON-OFF valve PV-5838A with the orifice FO-5838A. The ON-OFF valve PV-5838A is piloted by solenoid valve             PY-5838A.
In case of Flash Drum pressure is over the High thershold of 3 bara (maximum accetable suction pressure), the ON-OFF valve opens, and it closes when the Low thershold of 0,5 barg is reached. 

LOCATION
The Pressure transmitter is installed on D5803A Flash Drum.
PURPOSE
To monitor Flash Drum pressure and ensure that pressure value does not exceed the maximum accetable suction pressure.
ACTION
Open the ON-OFF valve until flare backpressure is reached.
Safeguarding Functions

Flush Drum liquid propylene level is monitored also by level transmitter LT 5855 that provides High High liquid level alarm through the DCS. 

LOCATION
The level transmitters are installed on D5803A Flush Drum.
PURPOSE
To protect the compressor from liquid carry over

ACTION
In case of the level is over the threshold, DCS logic initiates High High level compressor shutdown.
4. ETHYLENE CIRCUIT LOGIC
4.1. ETHYLENE RECEIVER d4802A
Alarm’s & Control Functions

The liquid ethylene coming from the Ethylene Condenser E4805A flows into the relevant Ethylene Receiver D4802A and feeds ethylene to tank D4801A.
The ethylene liquid level is indicated by a level gauge LG-4849 for operator information. The liquid level is also monitored by the level transmitter LT-4847 that provides high/low level alarms and acts on level control valve LV-4847 installed on ethylene outlet line.
LOCATION
The Level transmitter is installed on Ethylene Receiver D4802A.

PURPOSE
To inform operator of ethylene liquid level and to maintain constant the ethylene liquid level inside the receiver.
ACTION
Opening the level control valve when the level signal exceeds set point and vice versa.
NOTES:
The level control valve LV-5852 is fail close. If the liquid level increase the LV 5852 valve open. In the fail case the LV 5852 valve closes.
5. VARIOUS

5.1. By-passed signals & Check of analogical signals
Some signals are by-passed by the logic during start-up:

· LT (HH) on Flush Drum D5803A (High High propylene liquid level )
The DCS will control the analogic loop of each transmitter (checks of “broken wire” and  “over- or under-range”).

If the transmitter is used for an alarm signal, the effect will be an alarm.

If the transmitter is used for a shut-down signal, the effect will be a shut-down.

Furthermore following visualization are generated:

· Summary analog alarm level loop failure;

· Summary analog alarm temperature loop failure;

· Summary analog alarm pressure loop failure;

· Analog alarm for main motor current loop failure (by BCAG);

· Summary analog shut down level loop failure;

· Summary analog shut down temperature loop failure;

· Summary analog shut down pressure loop failure;

5.2. Limit switches alarms
All the actuated ON/OFF valves installed on the package are equipped with two limit switches. Each valve is controlled by the DCS logic through the relevant solenoid; valve position is showed on DCS. In case of malfunctioning of the valve a discrepancy alarm is showed.
6. COMPRESSOR LOCAL CONTROL PANEL
A Local control panel is installed at the skid edge of the Compressor Package.

Compressor Local Control Panel is by BCAG.
All control instruments belong to each skid are wired to the junction box placed at the    skid edge.
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