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Introduction

This document described the AUTOMATIC of the UNIT 324: LIQUEFIER and of the UNIT 325: LOADING BAY.
Note: UNIT 323: CYCLE COMPRESSORS is described in a dedicated document: 
C1192 NT 114

Note: UNIT 324 & 325: LIQUEFIER & LOADING BAYS is described in a dedicated document: 
C1192 NT 114

Note: UNIT 325: LOADING BAYS Procedures are described in a dedicated document: 
C1192 NT 116

Note: UNIT 324 & 325: Alarms / Trips / Interlocks are described in this document: 
C1192 NT 117

1 SAFETY
1.1 SAFETY: Personal Safety
1.1.1 SAFETY: OPERATION: Operators Qualification
WARNING: READ & UNDERSTAND C1192 NT 115 prior to Commissioning or Operation.

The following Safety Instructions apply to all helium refrigerators/liquefiers manufactured by AIR LIQUIDE ADVANCED TECHNOLOGIES. It is the responsibility of the customers to implement these safety rules in their safety management system, and to make sure they are well understood and applied by all operators in charge of operation and maintenance of the equipment.

The Helium Refrigerator System and associated Distribution and Recovery System are based on highly technical components. 
WARNING: Operators Shall Be Qualified by Air Liquide Advanced Technologies For Operation of the System.
1.1.2 SAFETY: OPERATION: Main Risks
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The main risks are detailed in the following chapter!

WARNING: FOLLOW COMPANY SAFETY POLICY!
WARNING: ALL OPERATORS SHALL BE TRAINED TO THE ABOVE RISKS!
1.1.3 SAFETY: OPERATION: PPE
[image: image6.emf]
WARNING: Wear PPE: Hard Hat, Hear Protection, Safety Glasses, Coverall, Gloves, Safety Shoes, O2 Monitor.
1.1.4 RISKS: Asphyxiation
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WARNING: Oxygen impoverishment can be lethal if elementary rules are not respected.
· The approximate volumetric composition of air is:

· Oxygen 
O2
21%

· Nitrogen 
N2
78%

· Argon
Ar
1%

The air we breathe must contain sufficient oxygen level. Nitrogen and Helium are inert gases, however, they can decrease the oxygen concentration in the air in enclosed spaces, thus causing asphyxiation.
· CAUSES OF OXYGEN IMPOVERISHMENT 

The following can be the cause of oxygen impoverishment and asphyxiation:
· Confined Space: Gas shall be analyzed prior to entering a confined space.
· LN2 & LHe Vaporization: Small volumes of liquid (LHe or LN2) can evaporate into large quantities of gas - nominally 700:1 ratio for He - and consequently
· Leaks & Vent line: can create a risk of oxygen impoverishment.

· Flushing and Purging procedure: an oxygen impoverishment is created in equipments when they are purged with nitrogen or another inert gas for repair purposes.
· ASPHYXIATION PREVENTIVE MEASURES

· Wear Oxygen Monitoring System (Check: Calibration and Battery)

· During Operation, Flush or Purge: Vent shall be directed to designated areas.

· FIRST AID

· No rescue in an oxygen-poor atmosphere without the use of appropriate breathing equipment.
· The victim should be brought immediately into the open air and kept warm. Make the victim breathe oxygen with the aid of dedicated breathing equipment – if there is any – or by conventional artificial respiration. A physician should be called.

WARNING: Oxygen Detector to be Used!
1.1.5 RISKS: Cold Burns

[image: image8]WARNING: Cold Parts can cause Cold Burns.
· CAUSES

Cryogenic liquefied gases can cause severe cold burns if the liquid is allowed to come into contact with bare skin, delicate tissues such as eyes, or even clothes which can absorbed liquefied gases.
It should be remembered that the temperature of liquefied gases are very low (less than 
-196°C at atmospheric pressure). This makes materials such as carbon steel fragile enough to break. Therefore, any abnormal shock or effort must be avoided on a component which is covered with frost.

· PREVENTIVE MEASURES
· Avoid Contact with Cold Parts or Cold Fluids

· Wear protective clothing; wear warm dry non-absorbent gloves (such as leather).
· Wear eye protection-glasses, goggles or face screen. 

· FIRST AID
Flush the affected areas of skin with copious quantities of tepid water, but do not apply any form of direct heat, e.g. hot water, room heaters…

Move victim to a warm place (about 22°C). If medical attention is not immediately available, arrange for the victim to be transported to hospital without delay.
While waiting for transport:

· Loosen any restrictive clothing.

· Continue to flush the affected areas of skin with copious quantities of tepid water.

· Protect frozen parts with bulky, dry, sterile dressings. Do not apply too tightly so as to cause restriction of blood circulation.

· Keep the victim warm and at rest.

· Ensure ambulance crew or hospital is advised of details of accident and first aid treatment already administered.

· Smoking or alcoholic beverages reduce the blood supply to the affected part and should be avoided.
WARNING: Cryogenic Gloves shall be used while manipulated cold equipments!
1.1.6 RISKS: Electrocution
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WARNING: Cold Parts can cause Cold Burns.
· CAUSES

Cryogenic liquefied gases can cause severe cold burns if the liquid is allowed to come into contact with bare skin, delicate tissues such as eyes, or even clothes which can absorbed liquefied gases.
It should be remembered that the temperature of liquefied gases are very low (less than 
-196°C at atmospheric pressure). This makes materials such as carbon steel fragile enough to break. Therefore, any abnormal shock or effort must be avoided on a component which is covered with frost.

· PREVENTIVE MEASURES
· Trained or specialized personnel with valid electrical accreditation may only carry out work on electrical cabinet, power control cabinet or electrical equipment (Motors on Pump and Compressors, Heaters…)

· Work on the electrical cabinet equipment must be carried out by trained electrician or trained personnel under the supervision of a trained electrician according to the local electrical engineering regulations.
· Do not Work on Live Electrical Circuits!
Before work is carried out on electrical systems, follow the measures below:
1. OFF: 
Switch off the main switch

2. LOCK: 
Ensure main switch cannot be switched on again

3. CHECK: 
Check no voltage is present

· FIRST AID

· Turn Off All Power Sources before rescue.

· Call Safety Department.

WARNING: No Training / Habilitation ( No intervention on electrical systems!
1.1.7 RISKS: Oil
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 WARNING: OIL is TOXIC.
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 WARNING: OIL can be HOT.
· CAUSES

· Oil is Toxic: 
Vapors when manipulated, especially under hot conditions.

· Oil is Hot: 
Oil used on Compressors, Blowers and Pumps is Hot.
· PREVENTIVE MEASURES
· Use safety glasses, PVC-gloves and protecting clothes

· Avoid contact with skin and eyes
· Avoid formation of Oil Mist

· Do not smoke

· When oil temperature rises above 50°C, the most volatile components evaporate, and it is necessary to use forced ventilation or wear a protective mask
· READ MSDS: Material Safety Data Sheet
· FIRST AID

· Wash affected abundantly with Cold water.

· Call Safety Department.

· READ MSDS: Material Safety Data Sheet
When operations are undertaken in the compressor room, the following recommendations must be applied in order to protect individuals from BREOX oil B35 associated risks:

WARNING: Use Protection while handling Oil!
1.2 SAFETY: Equipment Important for Safety

1.2.1 EIS: Pressure Relief Valves

Pressure Relief Valves Shall be tested following Local Regulation.

WARNING: ISOLATION VALVES TO PSV SHALL REMAIN OPEN WHILE IN OPERATION!
1.2.2 EIS: Purge Group: 324 UZ 900

WARNING: Purge Group shall only be used for sub-atmospheric operation!
WARNING: PROCEED CAREFULLY DURING CONDITIONING!

To protect 324 P 003 from overpressure, an isolation valve controlled by a pressure transmitter are installed. These instruments are part of the loop: 324 UZ 900:

· 324 SDV 900: Isolate the Purge Group from the process.

· 324 PT 900: Measure the process pressure upstream 324 SDV 900.

( These instruments are connected to the TMR and the loop shall be tested at least once per year.

In addition, to this protection, an additional loop composed of one Pressure Transmitter and one Isolation Valve are provided:

· 324 XV 753: Isolate the Purge Group from the process.

· 324 PT 750: Measure the process pressure upstream 324 XV 753.
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1.3 SAFETY: Equipment

1.3.1 SAFETY: Equipment: Heat Exchangers
WARNING: FOLLOW ALPEMA REQUIREMENTS!
1. Cool-Down Rate:
< 2K / Minute

2. Adjacent Flow Temperature Difference:
< 50 K

· Cool-Down Rate:
TURBINES Sequences are such that, upon start-up, the Discharge Temperature Set point will be ramped from the actual PV (Process Value) to the Final Set-Point following a ramp of 2K / Minute.
· Adjacent Flow Temperature Difference:
ALARMS (NO TRIPS) have been implemented based on TDI (Temperature Difference). It is the operator Responsibility to make sure that this TDI remains within acceptable values at all time.
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1.3.2 SAFETY: Equipment: Turbines

WARNING: DO NOT ATTEMPT TO TAKE TURBINES IN MANUAL OR LOCAL WHILE IN OPERATION!
2 Description: UNITS 324, 325
2.1 UNIT 324: Liquefier

The Liquefier is divided in 6 Main Units:

· The Liquefier Cold Box: 
Large Vacuum Vessel (L = 17m x D = 4.2m)

· The Liquefier Turbine:
Mounted on the Liquefier Vessel: 2xTC7, 3xTC6, 1xTC4

· The Interface Panel: 
All Process Interconnection: HP: 8’’ & 10’’, MP: 18’’, LP: 16’’

· The Instrumentation Panel:
All, Thermal Expansion PSV, PT, Conditioning MV and Pump.
· The Blower: 
Adsorber Regeneration Blower
· The Vacuum Group:
1 Primary & 1 Secondary Vacuum Group
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The 6 Turbines are installed as follows:
· Turbines Casings: The 6 Liquefier Turbines Casing are Welded on the Liquefier Vacuum Vessel. Turbines are arranged from turbines 1 to 6.
· Turbines Heat Exchangers: Turbines 1 to 5 are equipped with Tube and Shell Heat Exchangers. The Heat Exchangers are installed under the plat form. Turbine 6 is equipped with a Heat Exchanger directly mounted on the break side.
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2.2 UNIT 325: Loading Bays
The Helium Recovery Unit is equipped with 5 Loading Bays:
- 4x Loading Bays allow LHe & LN2 Loading.
- 1x Loading Bay allow LN2 Loading only.
2.2.1 LOADING BAY: Nitrogen
The interface with the LN2 from the ASU Unit 326, is directly on the Liquefier cold box Unit 324. The LN2 is then conveyed to Unit 325 through cryogenic lines.
· Upper Level: The Upper Level is dedicated to the LHe Dewars Thermal Shield. (Refer to CRYO AB Manual Operator). It is equipped with phase separator which allows providing the LHe Storages with 100% Liquid LN2.
· Lower Level: The Lower Level is dedicated to Mobile Container LN2 Shield Loading.
· Shielding: In the Upper and Lower Line, the LN2 is used as shield to maintain the Lines under cold operating conditions. This decreases the heat loads on each of the lines and avoid Cryo Line warm-up between to consecutive mobile container loading.

[image: image16]
NOTE: The 5th LN2 Bay shall be used to reduce the Occupancy Rate in the LHe & LN2 Loading Bay..
2.2.2 LOADING BAY: Helium
The Liquefier cold box Unit 324 is connected to the Loading Bays Unit 325 via 2 Cryogenic Lines:
· Upper Level: The Upper Level is dedicated to the LHe Dewars. It includes all Dewars Isolation Valves and the JT Valves. They allow providing LHe and recovering GHe from the Dewars. 
· Lower Level: The Lower Level is dedicated to Mobile Container Vapor Recovery. It includes 1x Line to Gas Bag (for Dirty Mobile Container), 1x Warm Vapor Recovery Line (for Mobile Container cool-down) and 1x Cold Vapor Recovery Line (for Mobile Container Loading) It consequently consists in 3x LHe Lines (to & from Dewars) + 1x LN2 Line used for shielding.
· Valves Boxes: the Valves Boxes are located at the lower level and include all valves allowing Mobile Container Filling and Vapor Recovery.
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2.2.3 LOADING BAY: Vacuum

The Loading Bay Unit 325 and the Liquefier Cold Box Unit 324 share a common Dynamic Vacuum.

2.3 UNIT 324 & 325: DCS Overview

· UNIT 324: 
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· UNIT 325: 
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3 PREPARATION: for UNITS 323, 324, 325
3.1 PREPARATION: Flushing

WARNING: Follow recommendation related to RISKS: Asphyxiation.
3.1.1 FLUSH: Air Instrument Lines

Prior to actuating any valves:

· Purge Air Instrument Line upstream actuators and positioners
· Purge Air Instrument Line Upstream Electro Valve

WARNING: Debris and Dust can damage actuators, positioners and EV.
3.1.2 FLUSH: Compressors to Liquefier

Prior to connecting the Liquefier to the Compressor Station:

· Line from PSA Final Filter, FORS Final Filters

· Lines to Liquefiers Filters: F

Note: Liquefier is protected with 10µm Filters for all filters except Turbines.

3.1.3 FLUSH: Bay to Liquefier
Lines from Bay to Liquefier shall be flushed using:
· 324 PSV 810 port: for Cool-Down Line

· 324 PSV 820 port: for Loading Line

Lines from Bay to Liquefier shall be flushed using:

· 324 HV 805 internals can be removed for flushing.

3.1.4 FLUSH: To PSV

Prior to start-up Lines from process to PSV shall be flushed.
WARNING: Debris and Dust can damage PSV, which will not reseal properly.
3.1.5 FLUSH: To Turbines

Prior to start-up Lines to Turbines shall be flushed, using the dummy cartridge.

[image: image20] WARNING: Debris and Dust can damage Turbines Wheels and Bearings.
3.2 PREPARATION: Adsorber Drying
3.2.1 ADSORBER DRYING: Gas and Equipment

· Nitrogen: Large Quantities of GN2 will be required for Adsorbers Drying. (Required GN2 for Unit 324 will be in the range of 300,000 Nm3).

· Vaporizers: The best solution is to use LN2 and Large Vaporizer. The Vaporizers capacity shall exceed the heaters capacity. Vaporizers for LN2 are not provided.
WARNING: The LN2 Vaporizer shall be equipped with Thermal Switch, which will shut-down the flow if the produce temperature is below 0°C, to protect the Equipments.

· Heaters: Heaters for GN2 are not provided and shall be prepared for Pre-Commissioning and Maintenance. The Heaters shall be able to process about 1000 Nm3/h
WARNING: The GN2 Heater shall be equipped with Thermal Switch, which will turn off the heater to protect the Heater and the Equipments from overheating.
· Flexibles: Flexibles 3’’ and 1’’ shall be provided for connection from the GN2 Heater
· Dew point Meter: Dew Point Meters shall be available to monitor the Nitrogen Dew Point at the discharge of the adsorber during dry-out.
3.2.2 ADSORBER DRYING: FORS
Unit 323 Final Oil Removal System (FORS) Charcoal Adsorbers shall be thoroughly dried. The procedure shall consist in:
0. Isolate Adsorbers

1. Warm-up of the adsorbers to 125°C with hot GN2.

2. Drying of the adsorbers with 125°C GN2 until the Dew-Point < -65°C.

3. Pumping to 10 mbar for 24 hours, while the adsorber temperature is still warm, using 323 P 003.

4. Filling GHe.
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WARNING: Moisture remaining in the FORS Adsorers will slowly migrate to the Liquefier, resulting in Heat Exchanger and Turbine Filters Plugging. Eventually, Turbines Failures can result from ice formation on wheels, labyrinth seals or bearings.
3.2.3 ADSORBER DRYING: LIQUEFIER
Unit 324 Liquefier Adsorbers shall be thoroughly dried. The procedure shall consist in:

0. Isolate Adsorbers (In / Out Valves Closed: 324 HV 710, 719, 720, 729, 730, 739, 740, 749)

1. Warm-up of the adsorbers to 125°C with hot GN2.

2. Drying of the adsorbers with 125°C GN2 until the Dew-Point < -65°C.

3. Pumping to 10 mbar for 24 hours, while the adsorber temperature is still warm, using 324 P 003.

4. Filling GHe. (Using 324 XV 754)
Note: 80K Adsorbers are filled with Molecular Sieves, which will require more / longer drying than the 20K Adsorbers, which are filled with Charcoal.
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Refer to PID: Ref. C1192 A 414 / He2-V-007-A-244
WARNING: Moisture remaining in the Liquefier Adsorers can result in Heat Exchanger and Turbine Filters Plugging. Eventually, Turbines Failures can result from ice formation on wheels, labyrinth seals or bearings.
3.3 PREPARATION: Conditioning

3.3.1 CONDITIONING: Pump Type
SOGEVAC SV 65: Vane Type Pump: Refer to USER MANUAL. FLOW: 65m3/h
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WARNING: CHECK OIL LEVEL PRIOR TO START-UP. CHECK OIL LEVEL WEEKLY.
3.3.2 CONDITIONING: Pump Operation

· OPERATION: 
324 MV 901 shall be Open (Adsorber Regeneration), 324 MV 905 shall be Closed.

· CONDITIONNING: 
Operator shall close 324 MV 901 and use 324 MV 905 for Purging.
WARNING: DO NOT OPEN 324 MV 905 IF 324 PI 915 > 1atm.
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3.3.3 CONDITIONING: Gas & Philosophy
· Philosophy: The Conditioning aims at removing all gaseous impurities (including moisture, nitrogen and air) present in the helium circuits. It consists in 3 cycles of Pumping/Filling:
· Venting shall be performed before Pumping: Circuits Pressure shall be ~1 atm to protect the Purging Group.

· Pumping shall be performed using purging groups: Circuits Pressure shall be brought to 10mbara or less.

· Filling shall be performed with pure He: Circuits Pressure shall be brought to ~1 atm.
WARNING: Do not open the Vent Valve if the circuit pressure is below 1 atm.
Note: Each Cycle from (1000 to 10 to 1000 mbara) divides the Impurities concentration by 100. Thus, 3 cycles allow dividing the impurities concentration down to 10-6, i.e. down to ppm level.

Note: Pumping Duration: The first pumping shall be long (> 30 minutes @ < 10 mbara) to evaporate traces of water. Other pumping shall be shorter to limit the amount of air ingress.
Note: Leak Search: After The first Pumping, the Purge Group shall be stopped and isolated. The pressure in the circuits shall be monitored over 5 minutes. A pressure increase indicates that a leak is present and leak search shall be carried out.

WARNING: Pressure at the Suction of Purging Group 323 and 324 P 003 shall be ≤ 1 atm.
· He Gas: for Conditioning shall be clean, i.e. Dew Point < -60°C and Total Impurity Concentration < 50 ppmv.

Note: Helium Gas from PSA can be used for conditioning if within specification.

WARNING: Moisture and Impurities contained in the first charge of Helium can result in Heat Exchanger and Turbine Filters Plugging. Eventually, Turbines Failures can result from ice formation on wheels, labyrinth seals or bearings.
3.3.4 CONDITIONING: Unit 323

· Surge Drum / Buffer Tank:

The Conditioning of the Surge Drum shall be performed first, so that Gas from the Surge Drum can be used for the conditioning of other units. After Conditioning, the Surge Drum can be filled with Helium up-to 10.0 Bara to allow for conditioning of the Units 323, 324 and 325. Gas Quality must be checked.
WARNING: The Surge Drum will be used for the conditioning of UNITS 232, 324 & 325. Check Gas Cleanliness.
· Compressor Station and Final Oil Removal System:
Prior to conditioning, the FORS Adsorbent must be dry (Ref. Section Adsorber Drying). The Compressors and FORS Skids are equipped with separated Filling and Pumping Circuits in order to avoid oil migration. Connection for Venting, Pumping and Filling are provided.
WARNING: Large quantities of oil will be required for the Compressors. This oil may contain moisture and light hydrocarbons. It is important to treat the oil and to preserve it (Storage and Handling).
3.3.5 CONDITIONING: Unit 324
WARNING: ISOLATE ALL TURBINES prior to Liquefier Conditioning: 324 SV 110, 310, 410, 510, 610 CLOSED and 324 MV 219, 319, 419, 519 and HV 619 CLOSED.
WARNING: Pressure at the Suction of 324 P 003 shall be ≤ 1 atm.

WARNING: The Conditioning system Connect LP (Rated @ 10 Barg) and HP Circuits (Rated @ 25 Barg, Lines and Turbines). PROCEED WITH CARE, ACTUATE ALL VALVES SLOWLY, CHECK324 PI 911, 912 and PI 915.
· TURBINES CIRCUITS: 
To be Conditioned independently. Refer to dedicated Chapter.
· HP & LP CIRCUITS:
0. Default Position: 
CLOSE 324 MV 901, 905, 909, 910, 911, 912, 913
1. Vent: 
OPEN 323 MV 909: VENT, Collector is depressurized.

2. Connect HP: 
Circuits to be conditioned: Open Corresponding 324 MV XXX P

OPEN 324 MV 911: VENT, HP Circuits are depressurized: 324 PI 911 ~1 atm
3. Connect LP: 
Circuits to be conditioned: Open Corresponding 324 MV XXX P

OPEN 324 MV 912: VENT, LP Circuits are depressurized: 324 PI 912 ~1 atm
4. Vent Completed: 
324 PI 911, 912  and PI 915 ~1 atm THEN CLOSE MV 909.

5. Pumping: 
OPEN MV 905, START PUMP P 003 AND OPEN SDV 900.
Pumping Completed: 
324 PI 911, 912  and PI 915 ~ 0 Bara and PT 900 ~10 mbara

THEN: CLOSE MV 905, STOP PUMP P 003 AND CLOSE SDV 900.

6. Filling: 
OPEN SLOWLY 324 MV 913, CHECK PI 915.
Filling Completed:
CLOSE 324 MV 913.

7. Default Position: 
CLOSE 324 MV 901, 905, 909, 910, 911, 912, 913 and All 324 MV XXX P

Note: Repeat 3 Times to obtain Satisfactory Gas Purity: Target is Dew Point < -60°C and Impurity < 50 ppmv.
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Refer to PID: Ref. C1192 A 423 / He2-V-007-A-243

3.3.6 CONDITIONING: Unit 325

· UNIT 325: CIRCUITS

Unit 325 Circuits shall be conditioned along with UNIT 324, using the Liquefier Valve Panel.
· UNIT 325: LHe DEWARS
The LHe Dewars have a volume of 120m3 each, and will require thorough pumping. While Conditioning can be performed using the Liquefier Valve Panel, additional pumping group can be used for conditioning. The Pumping Group can be connected to the valves: 325 MV 101, 201, 301 and 401.
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Refer to PID: Ref. C1192 A 501, 2, 3, 4 / He2-V-007-A-261, 2, 3, 4

Note : Additional Mobile Vacuum Pumps are Provided by DTA, but connections and flexible are not provided.

3.3.7 CONDITIONING: Verification

· Before Start-Up:
PID shall be fully marked-up showing that all circuits having properly conditioned prior to start up.
· After Maintenance:

All Circuits Open to Atmosphere shall marked-up on PID and conditioned.
· Helium Purity:

In UNITS 323, 324 and 325, the Gas in all Helium Circuits shall be clean, i.e. Dew Point < -60°C and Total Impurity Concentration < 50 ppmv. Gas Analysis is required prior to start-up.

WARNING: Moisture and Impurities contained in the first charge of Helium can result in Heat Exchanger and Turbine Filters Plugging. Eventually, Turbines Failures can result from ice formation on wheels, labyrinth seals or bearings.
WARNING: The total Volume of the Helium Circuits of Units 323, 324, 325 is about 1,000m3. At 1 atm., 0.1% of Air would then represent 1 Nm3. This would result in an Air Ice Ball of 1.2kg, i.e. about 1.5L, which could plug Heat Exchangers, Turbines Filters. This could eventually result in Turbines Failures.
4 OPERATION: HOW DO DCS SEQUENCES WORK?
Note: For details refer to C1192 NT 115.

SEQUENCES: Overview
4.1.1 SEQUENCE OVERVIEW: Chart
The Liquefier Sequences are articulated as follows:
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4.1.2 SEQUENCE OVERVIEW: Chart
( ACCESS: 
SEQUENCES directly by clicking on the sequence Name.
( STATUS: 
SEQUENCES in Green are not in step 0.
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 SEQUENCES: Operation

· Each sequence can be accessed from the SEQUENCE OVERVIEW Window:
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4.1.3 SEQUENCES OPERATION: Control & Status

The Sequence can be started in by the ENGINEER or by other sequence using the control button.

· START: to Start the Sequence.

· MODE: MANUAL OR AUTO MODE

- AUTO: 
- The sequence will move with no action from the Operator.

- MANUAL: 
- NEXT STEP: 
to move to Next Step once all conditions are OK.

- FORCE NEXT STEP: 
to move to Next Step if conditions are not OK.

( WARNING: With Force Next Step, Safety related to Transitions are ignored!
· INITIALIZE: 
to RESET Sequence, No action in the Field, Sequence only returns to Step 0.

( WARNING: All valves will remain in their previous positions.
Note: For details refer to C1192 NT 124.
WARNING: MANUAL MODE, NEXT STEP, FORCE NEXT STEP and INITIALIZE only accessible to ENGINEER.
4.1.4 SEQUENCES OPERATION: Step & Transition

Note: Liquefier Functional Analysis Ref. to C1119 NT 115.

· STEPS: 
Correspond to Actions: The exact description of the Actions is given in the Functional Analysis.


Brief Description of the step is given at the bottom of the page. (Step Name)

· TRANSITION:
The Transition is a condition that will allow continuing to the next step once OK.
The Transition conditions can be accessed by clicking on the Step just before the transition. The Transition is normally composed of various conditions, which is based on the following logic:
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The Following show is an example of conditions being OK or NOK 
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5 OPERATION: HOW DOES THE VACUUM WORKS?

VACUUM: General
5.1.1 VACUUM Circuits

The following volume share a common vacuum: (DYBAMIC VACUUM: 324 P 001 & 2)

· LIQUEFIER Vacuum directly connected to 324 P 001 & 2

· UPPER Vacuum Line (to Dewars) connected to LIQUEFIER Vacuum via 325 MV 960: 325 PT 960

· LOWER Vacuum Line (to Trailers) connected to LIQUEFIER Vacuum via 325 MV 970: 325 PT 970
Note: LN2 is used for shielding the He Cryogenic Lines. This further improves vacuum insulation.
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NOTE: To Check the Integrity of the UPPER & LOWER Vacuum Line, Close 325 MV 960 & 970, and Check 325 PT 960 & 970. If the Pressure Rises above 1mbar in 24hour, Leak Search and repair is required. Contact AIR LIQUIDE after sales services.
5.1.2 VACUUM Technics
The Vacuum Group uses 2 pumps in Series: Rotary Piston & Oil Diffusion Pump.
Vacuum Gauges are ADIXEN ACC 2009.

5.1.3 VACUUM Maintenance
NOTE: Every 3 Years, complete check of the Vacuum Pumps, Transmitters and Circuits. It is Strongly advised to contract Air Liquide Services for complete maintenance.
VACUUM: Primary Vacuum Pump
OERLIKON DK200 Rotary Piston Type: Refer to USER MANUAL. FLOW: 200m3/h.
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WARNING: CHECK OIL LEVEL PRIOR TO START-UP. CHECK OIL LEVEL WEEKLY.
VACUUM: Secondary Vacuum Pump

OERLIKON DIP300 Oil Diffusion Pump: Refer to USER MANUAL. FLOW: 3000 l/s.
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WARNING: CHECK OIL LEVEL PRIOR TO START-UP. CHECK OIL LEVEL WEEKLY.
 VACUUM: Sequence
· STEP 100: PRIMARY VACUUM
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· STEP 200: SECONDARY VACUUM
[image: image37.wmf]
· STEP 300: NOMINAL: Primary & Secondary Vacuum Pump Running

6 OPERATION: HOW DOES THE LIQUEFIER START?
LIQUEFIER: General
NOTE:  To Start Sequences, go to the Sequence page and press the Start Button. Ref. Dedicated Section.
1. G100 - LIQUEFIER STOP: G100 shall be initiated by the operator. G100 will set all valves to their default position allowing starting the following sequences from a well defined state.

2. G200 – LIQUEFIER PRESSURIZATION: G200 can only be started when G100 is in its final step. G200 shall be initiated by the operator. It will connect the Liquefier to the compressor station: All circuits are connected, ready for cool-down. G200 will start automatically, the Adsorbers pressurization:

· G210 – Adsorbers Depressurization: G210 will release the excess of pressure, which could be trapped in the Adsorber, especially after a trip.
3. G300 – LIQUEFIER COOL-DOWN: G300 can only be started when G200 is in its final step. 

( G300 will automatically start:

· G301 – Lhe Storage Connection: G301 connects slowly the LHe storages to the Liquefier.
G301 shall be completed prior to starting Turbine 6.

· G701 - Adsorbers 80K: G701 is the 80K adsorbers MASTER Sequence which drives the regeneration (G711, G721) and the connection (G712, G722) of the two 80K adsorbers.

· G702 - Adsorbers 20K: G702 is the 20K adsorbers MASTER Sequence which drives the regeneration (G731, G741) and the connection (G732, G742) of the two 20K adsorbers.

( From G300, the following Sequences can be initiated by the operator:

· G310, G330, G340, G350, G360 – TURBINES 1 to 6:
G3X0 can be initiated by the operator, based on G300 Status.
· G810 & G820: VAPORS RETURN:
This will return vapors to the proper connection port in the liquefier during loading.
4. G100 - LIQUEFIER STOP: G100 allows stopping the Liquefier. This can be request from any Opearting Mode.  All valves will be closed except 324 XV 050, which will only close if the compressor station is stopped (NO LP or NO HP).

LIQUEFIER: G100 – Stop [Initialisation]
G100 – STOP is used to close all Liquefier Valves, to INITIALISE the Liquefier before Pressurization.

In G100 – Step 700, i.e. STOP – Final Step, all LIQUEFIER valves are closed (except 324 XV 050)

WARNING:  G100 – STOP does not stop the G900 - VACUUM.
WARNING:  324 HV 701 & 702 (Adsorbers 80K By-Pass & 20K By-Pass) Open and Close in G100.
LIQUEFIER: G200 – Pressurization
The pressurization will allow connecting the Liquefier (Unit 324 & 325) to the Compressor Station (Unit 323):

· To prepare the Liquefier for G300 – LIQUEFIER COOL-DOWN. 
· To avoid Pressure increase related to thermal expansion of the fluids.

To Start G200, G100 shall be in Final Step, i.e. Step 700.

· STEP 010:
In G200 - Pressurization, only the adsorbers will not be connected. To avoid Pressure rise related to thermal expansion, the Sequence G210 – Adsorbers Depressurization is started to avoid overpressure in the adsorbers. 

As depicted below, based on the Pressure 324 PT 712, 722, 732 & 742, the Valves 324 FV 713, 723, 733 & 743, will open to evacuate the overpressure through 324 XV 751:

[image: image38]
Note: G210 will only be started if all valves related to Adsorbers are closed (i.e. Adsorbers in/out & Pressurisation Valves, Blower in/out valves, Purge Valve etc…)

· STEP 100 to 500:

In Steps 100 to 500, the Liquefier Circuits (Unit 324): Turbines Bearings, LP, MP, HP T1&2 and HP T3,4,5,6 are successively connected to the compressor station (Unit 323).
· 324 XV 010, 020, 030, 040, 050: On the Warm Panel the Turbines Bearings are pressurized first. Then the small valves are open to equalize the pressure across large valves. Finally, Large Valves are open, and small valves are closed.
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· 324 HV 814 & 824: Open. The Vapors Return Line are connected to the LP for depressurization.

· 324 HV 701: The 80K Adsorbers by-Pass is open to allow full connection of the HP Line.
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· 324 HV 702: The 20K Adsorbers by-Pass is open to allow full connection of the HP Line.

· 324 HV 803: The Cold By-Pass is open to depressurize the line up-stream the JT Valve

Note: T6 is OFF and 324 TV 615 is closed: No flow through 324 HV 803.
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· 324 PV 809: will open to depressurize the Dewars to the gas bags.
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LIQUEFIER: G300 - Cool-Down & G301 - LHe Storages Connection
WARNING:  During Cool-Down and Operation, according to ALPEMA, the Aluminum Brazed Heat Exchangers Temperatures shall be carefully monitored. Cool-Down rate shall be about 1K/min and DT across two adjacent channels shall not be more than 50°C. DT are computed between each block for HX monitoring. Check for ALARMS: 324 DT 030, 040, 032, 042, 045 and 048.
To Start G300, the INSULATION VACUUM shall be sufficient (324 PT 950, 325 PT 960 & 970 < 10-3 mbara).

The cool-down will start the Liquefier (Unit 324 & 325):

· Connect the LHe Storages using G301.

· Connect the Adsorbers using G701 and G702.

· Prepare for Turbine: G310, G330, G340, G350 and G360.

· G300 STEP 100: He CIRCULATION
In G300 Step 100, Helium Circulation is initiated in the Liquefier:
· 324 TV 615: Turbine 6 By-Pass is Open to allow flow circulation from HP to LP.

· 324 HV 810 and 812: The Cold By-Pass is open to depressurize the line up-stream the JT Valve

· 324 HV 814: is closed. (View HX 1&2)
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Note: 324 HV 810 and 812 allow HX3 By-Pass, to Un-Balance HX3 and to cool-down the cold-end of UNIT 324.

· G300 STEP 110: LHe STORAGES CONNECTION
G300-Stepp 110 will START G301: LHe Storages are automatically connected. Ref. Dedicated Section.

· G301 STEP 100, 110, 120: LHe STORAGES DEPRESSURIZATION

· 324 PV 809: Depressurizes LHe Storages to Gas Bags.

· 324 PV 049: Is open very slowly to connect the LHe Storages to the Liquefier

· Once the LHe Storages are depressurized, 324 PV 809 is Closed.
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· G301 STEP 200, 210: Cool Down Of Lines Up-Stream the JT Valves, for smooth connection

· 324 HV 805: is Open to allow circulation of cold helium up-stream the JT Valves.

· 324 HV 803: is Closed to force more flow through 324 HV 805.
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· G301 STEP 300, 310: JT Valves are Slowly Open and 324 HV 805 is Closed

· 324 PV 101, 201, 301 & 401: are Slowly Open for smooth connection.

· 324 HV 805: is Closed to force all flow through 324 PV 101, 201, 301 & 401.
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· G301 STEP 400: Final Step, will open 324 HV 495 to keep the vapor return line cold.
· 324 HV 495: Open to maintain the cold vapor return line under cold conditionts.
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· G300 STEP 200 to 230: ADSORBERS & TURBINES 1 to 5
· Adsorber 80K & 20K: 
are connected: AUTOMATIC. G701 & G702.
· Turbines 1 to 5: 
can be started: BY THE OPERATOR.
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· G300 STEP 400: End of LHe Storages Connection, Close Cool-Down By Pass
· G301: Cold Storages are connected: 324 HV 803 CLOSED, 324 PV 049 in AUTO, 324 PV 809 CLOSED.
· 324 HV 810 and 812: Cool-Down By-Pass are Closed.
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· STEP 500: JT Valves Control is Started
· 324 PC 029: Is Started.
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· STEP 600: Final Step: T6 can be started
- Turbine 6 can be started by the Operator: G360.
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NOTE: G300 – STEP 600: NOMINAL STEP! Liquefier will remain in G300 – STEP 600 until a STOP is requested.
LIQUEFIER: G300 – Nominal: How does JT-Valves Work?
· JT VALVES have 2 Main Functions:
1- Control the Pressure Down-Stream Turbine 6.


2- Maintain An Even Level across the 4 Storages.
1. Maintain Pressure Downstream Turbine 6: 324 PC 029
It is very important to Maintain the Helium in a Supercritical state downstream Turbine 6. This avoids the formation of dysphasic flow and droplets of liquid, which could damage the blade. The 4 JT Valves: 324 PV 101, 201, 301 and 401, are controlled by 324 PIC 029, 324 PT 029 being the pressure downstream Turbine 6. The Set Point is about 3 Bara.
2. Maintain an even level across the 4 Storages: JT Valves Coefficient

The JT Valves will open based on 324 PC 029, however coefficients will apply. Each JT Valve will have its own coefficient, and Valves opening will be different. The opening coefficients will be based on 3 Parameters:

· FLOW: 
If the Flow (FT 121) from the Dewar to the Container is High, the coefficient will be increased.

· LEVEL: 
If the Level (LT 121) in the Dewar is Low, the Coefficient will be increased.
· USER: 
The OPERATOR will have the possibility to increase BAY COEFFICIENT as desired.

NOTE: The Average Opening of the JT Valves is Equal to 324 PC 029 Control Value.
To Access the JT Valves Parameters, the Operator shall click on the JT Valves Coefficients:
OPERATOR: 
can modify the BAY COEFFICIENT, which will affect opening of the JT Valve.
ENGINEER: 
can access the “weight” of each Coefficient: FLOW, LEVEL, USER (Bay). For instance:

If the “weight” for FLOW is 0, Flow Variation, will not affect the JT Valves.

If the “weight” for FLOW is increased, Flow Variation, will have a stronger effect on the JT Valves.
ENGINEER: 
can access JT Valves MINIMUM & MAXIMUM Opening, which allow avoiding NO or HIGH Flow.
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LIQUEFIER: G300 – Nominal: How the Liquefaction Rate is controlled?

The Liquefaction Rate is controlled by T5 & T6 (or by T6 by-pass when T6 OFF). Ref. to Section TURBINES 5&6.
7 OPERATION: HOW DO ADSORBERs OPERATE?

7.1 ADSORBERS: STATUS
7.1.1 ADSORBERS STATUS: OFF LINE / REGEN / CONNECTED

The Adsorbers can be in one of the following status:

· OFF LINE: 
Inlet / Outlet Valves are closed, and Regeneration Sequence OFF.

· REGEN: 
Regeneration Sequence ON.

· CONN-LTD: 
Connected Limited:
Inlet / Outlet Valves @ 10%, small flow to maintain the Adsorber Cold.
· CONN-FULL: 
Connected Full: 
Inlet / Outlet Valves @ 100%, Adsorber is ON LINE.
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7.1.2 ADSORBERS STATUS: CLEAN & TIMER

- CLEAN: 
- At the end of regeneration, the Adsorber is CLEAN.


- The Adsorber remains CLEAN until it has been CONN.-FULL and cold for more than 2 hours.


Note: If CONN.-FULL and warm, impurities does not accumulate, and the Adsorber remains CLEAN.

- TIMER: 
- The TIMER is reset to 0 at the end of regeneration.


- The timer runs when then adsorber is CONN.-FULL (and freezes otherwise).

- When the Timer is > 2hours, the Adsorbers is not CLEAN anymore.
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NOTE: 
- 80K Adsorbers are designed for 15 Days of Operation: 360 h


- 20K Adsorbers are designed for 10 Days of Operation. 240 h

7.2 ADSORBERS: Sequences
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7.2.1 ADSORBERS SEQUENCES: General
- G300 – Liquefier Cool-Down [START] –will start the Adsorbers General sequences:

· Step 200: Starts G701 – 80K Adsorbers General Sequence
· Step 220: Starts G702 – 20K Adsorbers General Sequence
- G701 will start first: 
If one Adsorber is clean, it will be connected.



If no Adsorber is Clean, the Warmest will be regenerated and then connected.

When one of the 80K Adsorber is CONNECTED-FULL G702 can continue.
- G702 will start first: 
If one Adsorber is clean, it will be connected.



If no Adsorber is Clean, the Warmest will be regenerated and then connected.

- G701 and G702: will then control the Adsorbers Connections and Regenerations. 80K Adsorbers will have priority over the 20K Adsorbers. The Sequences for the Adsorbers are as follows:
	
	80K Adsorbers
	20K Adsorbers

	
	Adsorber 710
	Adsorber 720
	Adsorber 730
	Adsorber 740

	REGENERATION
	G711
	G721
	G731
	G731

	CONNECTION
	G712
	G722
	G732
	G732


NOTE: REGENERATION is requested by the Operator, based on Time or Analysis:


- 80K Adsorbers are designed for 15 Days of Operation.


- 20K Adsorbers are designed for 10 Days of Operation.

ANALYSIS shall be performed daily by the operator at the discharge of CONNECTED-FULL Adsorbers.
Regeneration is required if the Impurity Level rises above normal:
> 3 ppm of N2 or O2 downstream 80K Ads.

> 3 ppm of Ne or H2 downstream 20K Ads.

7.3 ADSORBERS: Regeneration

· G741 START UPON OPERATOR REQUEST
- For 80K Adsorbers chose G701.
- For 20K Adsorbers chose G702.
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- From G701 or G702, request RENERATION using dedicated BUTTONS.
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NOTE: ADSORBERS REGENERATION ARE INITIATED BY OPERATOR ONLY.


* REQUEST 20K ADSORBER REGEN EVERY 240h or Less

* REQUEST 80K ADSORBER REGEN EVERY 330h or Less
WARNING: IN OPERATION, FOR REGENERATION USE G701 & G702 BUTTONS ONLY.

· G741 STEP 100: DEPRESSURIZATION
· 324 HV 743 & 324 XV 744: OPEN
· 324 XV 751: OPEN Depressurize to atmosphere.
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· G741 STEP 200: WARM-UP
· 324 HV 743 & 324 XV 744: OPEN
· 324 K001M: ON with 324 XV 750 & 759 OPEN.
· 324 XV 751: OPEN vent He & Impurities while Thermal Expansion occurs. (Check Valve prevent back flow)
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· G741 STEP 300: PURGING
· 324 HV 743 & 324 XV 744: OPEN
· 324 P003: ON with 324 XV 753 & 324 SDV 900 OPEN.
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· G741 STEP 400: FILLIING

· 324 HV 743 & 324 XV 744: OPEN
· 324 XV 754: OPEN for Gas Filling.
NOTE: FILLING LINE equipped with ORIFICE for Slow Pressurization (Avoid Degradation of Adsorbant). The ORIFICE Plate can be adjusted if Filling Time to long.
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NOTE: PURGING / FILLING (Conditioning) repeated 3 Times, to achieve appropriate gas Purity

NOTE: Regeneration Circuits, Pumped / Filled with Adsorber (324 XV 744 and 324 HV 743 OPEN)

7.4 ADSORBERS: Connection

· G742 STEP 100: PUMPING / FILLING: Ref. G741 STEP 300 & 400
· G742 STEP 200: COOL-DOWN
· 324 HV 740: OPEN @ 10% to Supply Cold Gas

· 324 HV 743 & 324 XV 751: OPEN to return Gas to LP.
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· G742 STEP 200: CONNECTED LIMITED

· 324HV 740 & 749: OPEN @ 10% to provide small cold flow, to maintain cold temperature.
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WARNING: CONN-LTD Adsorbers to be maintained cold: HV 740 & 749 adapted in sequence by ENGINEER.
· G742 STEP 300: CONNECTED FULL

· 324HV 740 & 749: 
OPEN @ 100%
· ADSORBER 730: 
REGENERATION BY G741.
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7.5 ADSORBERS: Temperature Rise [ABNORMAL SITUATION]
· G742 STEP 500: IN CASE OF TEMPERATURE RISE: ADSORBER ISOLATION [ABNORMAL SITUATION]
· 324 HV 740 & 324 XV 749: 
CLOSE.
· 324 HV 702 OPEN: 
OPEN.
[image: image66.wmf]LIMITED

CLEAN

LIMITED

LIMITED

CLEAN

FULL

127:32

FULL

127:32

ATM

740

749

REGEN

REGEN

OFF LINE

OFF LINE

702


WARNING: In case of Adsorber Temperature Rise, Adsorber Is Isolated to avoid releasing trapped Contaminants.

By-Pass Is Open To Maintain Flow Through Liquefier But FEED He FROM PSA IS STOPPED.

8 OPERATION: HOW DO TURBINES OPERATES?

NOTE: FOR DETAILS REFER TO C1192 NT 115 & C1192 NT 117.

8.1 TURBINES: Design

LIQUEFIER TURBINES are Designed and Manufactured by AIR LIQUIDE ADVANCED TECHNOLOGIES.
3 Types of Turbines are mounted on the Liquefier: Refer to appropriate manual.
· TC7 for Turbines 
1 & 2

· TC6 for Turbines 
3, 4, 5

· TC4 for Turbine 
6
· BEARINGS: 
ALL Turbines are STATIC GAS BEARING TURBINES.

· POWER: 
Extracted from the Process Fluid by the Turbine Wheel.

Transferred to Compressor Fluids by Compressor Wheel.

Transferred to Cooling Water by Heat Exchanger.
· SEAL GAS: 

Used on Turbine side only.
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WARNING: GAS BEARING SHALL BE FED AT ALL TIME WHEN TURBINE IN OPERATION
8.2 TURBINES: Adjustment

WARNING: By QUALIFIED PERSONNEL.
8.2.1 Turbines Adjustment: Seal Gas
The Seal Gas Pressure shall be adjusted using 324 PCV X16. After adjustment, the Bearing Return Temperature 324 TT X14 shall be slightly below (0.5K) the Bearing Feed Temperature. This indicates that a small leak from process to bearing is present. No Leak from Bearing to Process.
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WARNING: Excess of Cold Gas to Bearings could result in Turbine Trip / Failure.
8.2.2 Turbines Adjustment: Brake Pressure

To increase the Turbine Power, the Brake Pressure (324 PT X11, Compressor Side) can be increased. While the Brake Pressure increases, the Fluid Density is increased, resulting in a higher Turbine Power.
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WARNING: TURBINE OVERSPEED could result in Turbine Trip / Failure.
WARNING: BRAKE PRESSURE affects the Turbine Thrust Load, which could result in Turbine Trip / Failure.
8.3 TURBINES: Risks, Alarms & Trips
Note: For details refer to C1192 NT 115 & C1192 NT 117.
Each Turbine is closely monitored to ensure safe operation, and to trip the turbine if operating conditions are unsafe. The parameters which are monitored are as follows:
1. Turbine Speed:
Effective rotation and no over-speed
2. Turbine Bearings Pressure Head: 
Sufficient Bearings Stiffness
3. Turbine Bearings Return Temperature: 
No Cold leak from process to bearing return
4. Turbine Process Discharge Pressure:
Back pressure resulting thrust on bearings
5. Turbine Process Discharge Temperature:
Low discharge temperature and ultimately biphasic flow
6. Turbine Brake Pressure vs Process Discharge Pressure:
Diff Pressure resulting thrust on bearings
7. Turbine Brake temperature:
Lack of cooling on Brake heat exchanger
8. Turbine Inlet Wheel Pressure: 
Turbine wheel clogged and resulting thrust on bearings
8.3.1 Alarms & Trips: Turbine Speed

- OVER SPEED 
can result in destruction of the wheel: Turbine Alarm & Trip.
- NO SPEED 
can result either from a Sensor or a Turbine Failure: Turbine Trip.

8.3.2 Alarms & Trips: Turbine Bearing Pressure Head

Turbine Alarm & Trip L, LL: The Value 324 PDI X00 is the differential pressure between the Bearings FEED and RETURN Gas. This pressure head shall sufficient to maintain the bearing stiffness and to ensure safe operation. Lack of pressure head can result in Turbine Failure. 
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8.3.3 Alarms & Trips: Turbine Bearing Return Temperature

Turbine Alarm & Trip: L, LL: A Labyrinth seal is used to ensure the tightness between the process and the bearing circuits. Seal gas is used to limit the leak. The pressure of the seal gas is adjusted by a pressure regulator, which maintains the labyrinth pressure just below the process gas pressure (turbine wheel inlet pressure), so that a small leak from the process to the bearing circuits can be observed.
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8.3.4 Alarms & Trips: Turbine Discharge Pressure

Turbine Alarm & Trip: LL, L, H, HH: The Turbine Back Pressure has a direct impact on the Turbine Axial Load. Consequently, changes of the back pressure can result is excessive forces and eventually in a turbine failure.
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8.3.5 Alarms & Trips: Turbine Discharge Temperature

Turbine Alarm & Trip: L, LL (LL for T5 & 6 Only): The Discharge Temperature of the Turbine is monitored. Eventually, the Temperature can decrease below the critical temperature, resulting in biphasic flow, which can result in a turbine failure.
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8.3.6 Alarms & Trips: Turbine Brake Pressure vs Discharge Pressure

Turbine Alarm & Trip: H, HH : High Pressure Difference between Brake and Discharge Pressure can result in High Thrust load and eventually in Turbine Failure.
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8.3.7 Alarms & Trips: Turbine Brake Temperature

Turbine Alarm & Trip: H, HH : High Turbine Power and/or Lack of Cooling Water could result in a Brake Temperature Rise. At high temperature (above 100°C) the aluminum mechanical characteristics are decreasing, which can lead to turbine failure.

8.3.8 Alarms & Trips: Turbine Inlet Wheel Pressure

Turbine Alarm & Trip: H, HH : The Wheel Inlet Pressure can increase because of Contaminants accumulating on the turbine wheel. This Pressure rise results in higher thrust load which can lead to turbine failure.
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8.4 TURBINES: Attenuators
8.4.1 ATTENUATORS: Control Window
The Turbine Speed Set Point is corrected by ATTENUATORS, which will slow down the Turbine.
The Attenuators are accessible from the ATTENUATORS BUTTON on each Turbine Screen.

From the ATTENUATOR Window, the following are modifiable:

· BY OPERATOR: 
The ATT OPERATOR is directly accessible to the Operator: 0 to 100%


At 90%, the Turbine Speed is reduced by 10%.

· BY ENGINEER: 
- Each Coefficient Parameter can be adapted.


- Turbine Speed Set point (Internal) can be modified.


- Turbine Inlet Valve Maxi Opening can be adjusted.
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· ATT COEFFICIENT ADJUSTMENT:
To avoid Process Instability Keep Sufficient Difference Between Process Values:
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WARNING: WHILE IN OPERATION, VALUES SHALL BE CHANGED SLOWLY.
8.4.2 ATTENUATORS: Discharge Temperature
Liquefier Temperature can drop quickly and Turbine Temperature Control Loop can be slow to react. For faster action, and in case Temperature Control Loop are not effective, Discharge Temp Att have been implemented.
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8.4.3 ATTENUATORS: Discharge Pressure

LP or MP can increase because of : 
- Turbine Excess Flow

- Compressor Lack of Flow (One LP or HP Compressor Down)

High LP or MP Pressure can result in:
- Turbine High Discharge Pressure and Turbine Trip.

- Compressor High Suction Pressure, High Current and Trip.

To avoid such Situation, LP & MP Attenuators will reduce the Turbine Flow when the LP or MP is High.
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8.4.4 ATTENUATORS: Brake Temperature

Brake Temperature can increase because of: 
- Turbine Over Capacity

- Lack of Cooling Water.
High Brake Temperature can result:
- Brake Wheel failure (Aluminum Characteristics).

- Turbine Trip.
To avoid such situation, a Brake Temp Attenuators will reduce the Turbine Power when the Brake Temp is high.
[image: image81.wmf]EXCESS POWER

TEMPERATURE LOW

EXCESS POWER

TEMPERATURE HIGH


8.4.5 ATTENUATORS: Other Attenuators
Other Attenuators are used on Turbines 5 & 6 Only for Liquefaction Rate Adjustment. 

· (1) Load Valve : 323 PV 810 A: 
Load Valve Widely Open 
( Over Liquefaction Capacity
· (1) Surge Drum: 323 PT 812:
Surge Drum Low Pressure 
( Over Liquefaction Capacity
· (2) Adsorber 80K Temp: 324 TT 701
80K Adsorber High Temp
( Over Liquefaction Capacity
· (2) Adsorber 20K Temp: 324 TT 702
20K Adsorber High Temp
( Over Liquefaction Capacity
( In case of over liquefaction capacity, attenuators apply on Turbine 5 & 6.

Note (1) & (2): (1) Applies to T5 & 6, (2) Applies to T6 Only.

For more information, Refer to Dedicated Section.
8.5  TURBINES: Control Loops: Speed & Temperature
Two control loops in cascade are used to control the Turbines 1&2, 3, 4, 5:

· The Turbine Speed is adjusted using the Turbine Inlet Valve.

· The Turbine Speed Set Point is adjusted in Function of the Turbine discharge temperature.
· SPEED CONTROL LOOP: 
SP: Temperature Control Loop CV x Attenuators *


PV: Turbine Speed 
( For T1&2 = Max (T1, T2 Speed) )


CV: Turbine Inlet Valve

· TEMPERATURE CONTROL LOOP:
SP: By Sequence


PV: Turbine Discharge T
( For T1&2 PV = T2 Discharge T) )


CV: Speed Control Loop SP
Note: SP Set Point / PV Process Value / CV Control Value.

Note*: ATTENUATORS, refer to dedicated Section.
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NOTE: FOR TURBINE 1&2: 
324 SV 110 controls the speed of the fastest turbine.

The discharge temperature of Turbine 2: 324 TT 219 control the speed set point.
NOTE: TURBINE SPEED IS GIVEN IN Hz and %: SPEED [%] = SPEED [Hz] / NOMINAL SPEED [Hz]
8.6 TURBINES: Liquefaction Rate: Turbines 5 & 6
In addition to the attenuators described above which prevent from High Discharge Pressure, Low Discharge Temperature and High Brake Temperature, additional Attenuators apply to Turbine 5 and 6 to adjust the Liquefaction flowrate.
8.6.1 LIQUEFACTION RATE: Attenuators on turbine 5

- MASS BALANCE: Surge Drum Pressure: 324 PT 812: If the Liquefaction Rate exceed the Feed Flow Rate fed to the Liquefier, the Surge drum pressure will decrease: Gas is taken from the surge drum to equilibrate the Mass Balance: Liquefaction Rate = Feed to Liquefier + Gas from Drum. If at some point, the Surge Drum Pressure is Low, the Liquefaction rate shall decrease. To avoid Low Pressure in the Surge Drum an attenuator will apply to Turbine 5 and 6.

- MASS BALANCE: Load Valve: 324 PV 810 B: While gas is taken from the surge drum to equilibrate the mass balance, the Load Valve (from surge drum to LP) will open. To avoid pressure up-sets, if the Opening of the Load Valve is High, an attenuator will apply to Turbines 5 and 6.
· TURBINE 5:
· Attenuator on Low Surge Drum Pressure: 
323 PT 812.

· Attenuator on high Load Valve Opening:
323 PV 810 B
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NOTE: PARAMETERS ACCESSIBLE FROM TURBINE 5 ATTENUATOR WIINDOW.
8.6.2 LIQUEFACTION RATE: Attenuators on turbine 6

- MASS BALANCE: Ref. previous chapter. Attenuators apply if Surge Drum Pressure 324 PT 812 Low or if 324 PV 810 B Opening High.
- LIQUEFIER TEMPERATURE: If the Liquefaction Rate of the Liquefier exceeds the Liquefier Capacity, the Liquefier Temperature will start to rise. Thus, as too much (warm) feed gas is liquefied, the temperature of the 80K and 20K adsorbers rises. To avoid releasing contaminants trapped in the adsorber, the liquefaction rate is reduced when the 80K and 20K Adsorbers Temperatures are High.
NOTE: It is to be noted that, while in operation, if Turbine 6 is stopped, Turbine 6 by-pass is open (and inversely). When Turbine 6 is OFF, the Liquefaction Rate is controlled by Turbine 6 By-Pass: 32

· TURBINE 6 & TURBINE 6 By-Pass:
· Attenuator on Low Surge Drum Pressure: 
323 PT 812.

· Attenuator on High Load Valve Opening:
323 PV 810 B

· Attenuator on High 80K Adsorber Temperature: 
324 TT 701

· Attenuator on High 20K Adsorber Temperature: 
324 TT 702
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NOTE: PARAMETERS ACCESSIBLE FROM TURBINE 6 ATTENUATOR WIINDOW.

WARNING: IN CASE OF HH ALARM ON ADSORBERS TEMPERATURE, TURBINE 6 IS STOPPED.
8.7 TURBINES: G3X0 – Turbines 1&2, 3, 4, 5 Sequences

· G3X0: START REQUEST BY OPERATOR: X = 1, 3, 4, 5
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· G3X0 STEP 100: INLET VALVE OPENING

· 324 SV X10 OPEN UNTIL Turbine Speed > 300Hz

· G3X0 STEP 110: INLET VALVE FREEZES
· The Turbine Cartridge Cools Down, and Stabilizes at Process Temperature.
· G3X0 STEP 200: START CONTROL LOOPS WITH RAMP & ATTENUATORS
· 324 TT X19 will decrease slowly in compliance with Heat Exchangers Manufacturer Instructions.

· G3X0 STEP 300: END OF RAMP: NOMINAL
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· G3X0 STEP 400: STOP REQUEST BY OPERATOR
WARNING: INLET VALVE INTERLOCKED IF TRIP VALVE CLOSED.
WARNING: USE TURBINE SEQUENCE TO START SEQUENCE.
8.8 TURBINES: G360 – Turbine 6 Sequence
NOTE: LIQUEFACTION FLOW RATE CONTROL EITHER BY 324 TV 615 OR 324 XT 006.
· G360: START REQUEST BY OPERATOR
· G360 STEP 300: TURBINE IS ON
· TURBINE SPEED SET POINT = PRODUCT OF ALL ATTENUATORS 
No Cascade Loop.
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· G360: STOP REQUEST BY OPERATOR
· G360 STEP 510: TURBINE IS OFF / BY-PASS IS AUTOMATICALLY ADJUSTED
· 324 TV 615 OPENING = PRODUCT OF ALL ATTENUATORS x MAXI OPENING 
No Cascade Loop.
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Note: At the end of Step 510, G360 returns to Step 0, By-Pass control is maintained.
8.9 TURBINES: Critical Speed

The Liquefier Cryogenic Turbine have Critical Speeds (Zone) in which they shall not be operated. In this speed region, the Turbine Rotor will be in its first or second rigid mode and will start to vibrate. While it is OK to operate in the Critical Speeds for a short time, operation in this region shall be minimized.
· Critical Speed Alarms & Trips: An Alarm will inform the Operator if the Turbine has been in the Critical Zone for more than 30 seconds. The Turbine will automatically Trip if the Turbine has been in the critical speed for more than 180 seconds.
· Critical Speed Sequence: Small sequence (not accessible from Operator Screen), will modify the speed set point if the Turbine has been in the critical speed for more than 30 seconds. This sequence aims at avoiding trip related to Turbine Critical Speed: it will reduce the occurrence but not eliminate such trip.
· Critical Speed Indicator: An indication will appear on the turbine to indicate the operator that the Turbine is in the critical speed.
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The Turbine Critical Speed Zone is included between CS- & CS+: This zone shall be avoided: (Hz & %)
	
	XT 001
	XT 002
	XT 003
	XT 004
	XT 005
	XT 006

	Nominal Speed
	1030 Hz
	1030 Hz
	1420 Hz
	1250 Hz
	1320 Hz
	1080 Hz

	Critical Speed: CS +
	780 Hz
	76%
	780 Hz
	76%
	680 Hz
	48%
	680 Hz
	54%
	660 Hz
	50%
	850 Hz
	79%

	Critical Speed: CS -
	620 Hz
	60%
	620 Hz
	60%
	620 Hz
	44%
	570 Hz
	46%
	560 Hz
	42%
	750 Hz
	69%


WARNING: OPERATOR shall not force the turbine in the critical speed using operator attenuator.
9 OPERATION: HOW DOES THE LIQUEFIER STOP?

10 OPERATION: HOW TO DERIM THE LIQUEFIER?

10.1 DERIMING: When to Perform a Deriming?

A deriming shall be initiated when the 1st Heat Exchanger Blocks gets plugs with Impurities: Water and/or CO2. This can be observed when the Pressure Drop Across the Heat Exchanger or When the Temperature Difference between 2 Adjacent channel is high.
· HIGH TEMPERATURE DIFFERENCES BETWEEN HP & LP OR MP CHANNEL: i.e. > 10K
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· HIGH PRESSURE DROP ACROSS HEAT EXCHANGER: i.e. > 500mbar
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10.2 DERIMING: How to perform a basic deriming?

· DERIMING – BASIC: The PSA shall be running to Provide Gas for deriming.
· The Compressor Station Is ON (At Least: 1xLP + 1HP) & The Liquefier is Stopped: G100 Final Step.

· HP: 
T1&2: 324 XV 010 is Closed to Isolate and 324 MV 010P, 911 & 909: Open to atmosphere.

· HP:
324 XV 020, HV 701, HV 702, TV 615, HV 804 and XV 751are Open to allow warm gas circulation.

· MP & LP: 
324 XV 030 and 040 are open to allow depressurization of Heat Exchanger MP & LP Chanel.
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NOTE: The He Gas used for Deriming is wasted. PSA shall be ON to Maintained Flow.
· CONDITIONING: Refer to Conditioning Procedure in Dedicated Chapter.
· Once the Liquefier is Warm 324 TT 029 > 280K, the Warm-Up is completed.

· Conditioning shall be performed to remove impurities trapped in the HP Channel (T1&2) of Heat Exchanger 1.
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· END:
· Close all Automatic Valves (except 324 XV 050, if is already open).

· Close Manual Valves on Instrumentation Panel: 324 MV 010P, 911, 905.
10.3 DERIMING: How to perform an advanced deriming?

NOTE: FOR ADVANCED USER: Refer to Functional Analysis: C1192 NT 115.
· PRE-REQUIREMENT:

· LIQUEFIER IS STOPPED: 
- G100 – STOP is in Fiunal STEP.

· COMPRESSOR STATION IS ON:
- At least 1xLP and 1xHP Compressors ON.

· DEPRESSURIZATION VALVES:
- 324 MV 909 OPEN (To Atmosphere)


- 324 MV 911 OPEN (HP Circuits Conditionning)


- 324 MV 912 OPEN ( LP Circuits Conditionning)


- HP T1:
324 MV 010P


- HP T2:
324 MV 210P


- HP T3,4,5,6: 
324 MV 020P

- LP: 
324 MV 040P
· DERIMING – ADVANCED: OVERVIEW: (For Details, refer to following pages)
· The flow enters the Liquefier through the 1’’ Valve 324 MV 801 and continues to 324 MV 802 flowing backflow through the 1st and 2nd Heat Exchanger MP Channels to warm up the liquefier. The HP channels of the 1st Heat Exchanger, where most of the Impurities are trapped, are isolated. The Impurities can be evacuated through the valves on the Instrumentation Panel: 324 MV 010P, 210P and 020P.

· The flow continues continues through the 3rd Heat Exchanger HP Channels to warm-up the cold end of the Liquefier. It is then fed to the Atmospheric Heat Exchaner 324 E 010, and returned to the compressor station LP through 324 XV 752.
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NOTE: WATCH FOR PRESSURE RISE RELATED TO THERMAL EXPANSION DURING WARM-UP!.
· MANUAL VALVES:
The following valves shall be open:

· Interface Panel: 
The Manual Valve 324 MV 801
· Cold Box Top:
The Manual Valve 324 MV 802
· Instrumentation Panel: 
The Manual Valves 324 MV 909, 911, 912


The Manual Valves 324 MV 010P, 210P 020P & 040P

· 
( The Instrumentation Panel Valves allow
: Depressurization of the circuits



  Evacuation of the impurities.
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· INTERFACE PANEL:

· 324 MV 801 Allow warm Helium from the Compressor Station HP to enter the Cold Box.

· 324 MV 909, 911, 912 and 010P, 210P 020P & 040P: 
- Depressurization of the circuits 



- Evacuation of the impurities.
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· 1st & 2nd HEAT EXCHNAGERS:

· The Flow by-pass HX 1&2 via the Valves 324 MV 801 & 802.

[image: image98.wmf]324 MV 802

CRYO VALVE ON COLD BOX


· 3rd HEAT EXCHANGER:

· 324 HV 702 is open to by-pass the 20K Heat Exchangers.
· 324 TV 615 is open to By-Pass Turbine 6.

· 324 HV 804 is used to adjust the Deriming Flow.
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· 3rd HEAT EXCHANGER:

· 324 XV 752 is open to return the He Gas to the UNIT 323 Compressor Station LP.

[image: image100.wmf]324 XV 752


· END OF DERIMING:

· After Deriming (324 TT 029 > 290K): 
- CLOSE 324 MV 801 SLOWLY

- CLOSE 324 MV 802

- CLOSE 324 HV 702, TV 615, HV 804, XV 752

· CONDITIONNING:

· Using Instrumentation Panel and Purge Group 324 P 003. (Refer to Chapter Conditioning).
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WARNING: Do not send pressure to PURGE GROUP over ATMOSPHERIC Pressure.
11 OPERATION: HOW DO LOADING BAY WORK?

NOTE: For operations in Bay refer to: He2-V-007-A-096 / C1192 NT 116: UNIT 325: loading procedure.
LOADING BAYS: General
· General View: 5 Bays are available and allow loading LHe and LN2 into the Mobile Containers:

[image: image102]
· Individual View: Each Bay can be accessed from an individual window.

[image: image103.emf]
NOTE: LN2 Bay accessible from LN2 Overview.
LOADING BAYS: Mobile Personnel Safety
In each Bay a BUTTON: 325 HS X25 is available: 325 HS X25 can be either in:

- LOADING READY: OK: Loading is allowed, the Operator can operate all valves in the Bay from the DCS.

- LOADING READY: NO: Loading is not allowed; all valves in the Bay are INTERLOCKED.

The Operator shall ensure that:

· 325 HS X25 is in LOADING READY: NO Position before connecting the Mobile Container.
· 325 HS X25 is switched to LOADING READY: OK Position when the Mobile Container is ready for loading.

· 325 HS X25 is switched to LOADING READY: NO Position before the Mobile Container is disconnected.
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WARNING: 325 HS X25 shall only be switched LOADING READY: OK Position when the Mobile Container is fully hooked-up. 325 HS X25 shall be reset to LOADING READY: NO Position, before the Mobile Container is disconnected.
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 WARNING: RISK OF ASPHIXYA WEAR OXYGEN MONITOR.
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 WARNING: AVOID CONTACT WITH COLD PARTS & COLD FLUID.


[image: image107]
WARNING: WEAR APPRORIATE PPE: SAFETY GLACES & CRYOGENIC GLOVES.
LOADING BAYS: Loading Procedure

NOTE: For operations in Bay refer to: He2-V-007-A-096 / C1192 NT 116: UNIT 325: loading procedure.
· OPERATION: Operations in Bay are Manual: Follow the Chart Below.
- Each operation is described in the Section Below.
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LOADING BAYS: Pressure Pulling (Mobile Container Depressurization)
· PRESSURE PULLING: To Gas Bag
· During Depressurization to Gas Bag, Gas Analysis is required, to determine Mobile Container Quality.
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LOADING BAYS: Cool-Down
· COOL DOWN: LOADING BAY: Before Mobile Container Cool-Down, proceed with Loading Bay Cool-Down
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WARNING: Lining-up Container to Loading Bay without prior Loading Bay Cool-Down, would result in large quantities of Helium Vaporization and consequently to Pressure Up-Sets in Unit 325, 324 and 323.
· COOL DOWN: HOSE: Before Mobile Container Cool-Down, proceed with Hose Cool-Down
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WARNING: Lining-up Container to Loading Bay without prior Loading Hose Cool-Down, would result in large quantities of Helium Vaporization and consequently to Pressure Up-Sets in Unit 325, 324 and 323.
· COOL DOWN: MOBILE CONTAINER:
· 325 HV 121: Open to Load He from Dewars to Mobile Containers: Flow Adjusted with 325 HV 121.
· 325 HV 129: Open to Gas Bag to recover Vapors.
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· VAPOR RECOVERY: to GASBAGS via 325 HV 129

· Initially Vapors are return via 325 HV 129 to Gas Bags.
NOTE: COOL-DOWN VAPORS CAN ONLY BE LINED-UP TO LIQUEFIER WHEN IDENTIFIED AS CLEAN.
LOADING BAYS: Vapor Recovery: WARM
WARNING: COOL-DOWN VAPORS CAN ONLY BE LINED-UP TO LIQUEFIER WHEN IDENTIFIED AS CLEAN.
· VAPOR RECOVERY: to WARM RETURN LINE via 325 HV 128

· Once Vapors identified as clean, Vapors can be lined-up to Liquefier Warm Vapor Line.
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· Vapors returned to the Liquefier Warm Recovery Line: 810, are directed to the required port.
This can be done Manually or Automatically: For Automatic Operation, Refer to Dedicated Section.
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WARNING: 
- CHECK 324 TT 810 AND OPEN APPRORIATE PORT: 324 HV 814, 813, 812 OR 811.

- DO NOT IMPOSE TEMPERATUR DIFFERENCE HIGHER THAN 40K ON HEAT EXCAHNGERS.
LOADING BAYS: Vapor Recovery: COLD

· VAPOR RECOVERY: to COLD RETURN LINE via 325 HV 127
· Once Vapors Temperature is below 10K, Vapors can be lined-up to Liquefier Cold Vapor Line.
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· Vapors returned to the Liquefier Warm Recovery Line: 820, are directed to the required port.
This can be done Manually or Automatically: For Automatic Operation, Refer to Dedicated Section.
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WARNING: 
- CHECK 324 TT 820 AND OPEN APPRORIATE PORT: 324 HV 824 OR 821.

- DO NOT IMPOSE TEMPERATUR DIFFERENCE HIGHER THAN 40K ON HEAT EXCAHNGERS.
LOADING BAYS: Vapor Recovery: AUTOMATIC

· VAPOR RECOVERY: UNIT 325

· 324 HV 128 to be used for Mobile Container during Cool-Down
To Warm Vapor Line 810

· 324 HV 127 to be used for Mobile Container during Loading (i.e. Vapors <10K)
To Cold Vapor Line: 820

WARNING: 
-DO NOT CONNECT 324 HV 127 IF VAPORS TEMPERATURE > 10K.
· VAPOR RECOVERY: UNIT 324
· WARM VAPOR LINE: 810: collects Vapors from all 324 HV 128, 228, 328, 428
Sequence: G810
· COLD VAPOR LINE: 820: collects Vapors from all 324 HV 127, 227, 327, 427
Sequence: G820
WARNING: 
-DO NOT CONNECT MORE THAN 1 CONTAINER TO WARM VAPOR RECOVEY LINE: 810.
· VAPOR RECOVERY:
· WARM VAPOR LINE: 810: is connected to Port 324 HV 811, 812, 813, 814
Sequence: G8101

· COLD VAPOR LINE: 820: collects Vapors from all 324 HV 821, 824
Sequence: G820

The Operator can start the sequences G810 and G820, which will automatically adjust the Vapor Return Line Valves positions:
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LOADING BAYS: Mobile Container Loading

· LOADING:
· Loading will naturally follow cool-down. As soon as the Mobile Container Temperature is Low enough, Liquid starts to accumulate and Loading begins. The Flow is adjusted using 325 HV 121.
· As soon as the operator enters the TARGET WEIGHT on MASTER K Weight Scale, the TARGET WEIGHT Sequence is initiated: 
· TARGET WEIGHT:
· G121 starts automatically when the Target Weight is entered.

· G121 closes 325 HV 121 when the Target Weight is reached.
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12 OPERATION: WHAT ARE THE MAIN TRIPS & ALARMS?
12.1 Trip & Alarms: Liquefier Temperature

12.2 Trip & Alarms: Liquefier Pressure

12.3 Trip & Alarms: Liquefier Impurities

WARNING: 
.
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