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1 Introduction

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

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

UNIT 324 & 325: 
TRIPS, ALARMS & INTERLOCKS: 
C1192 NT 117

UNIT 324 & 325: 
USER MANUAL
C1192 PR 114
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2 General

WARNING

WARNING: Before G200 – LIQUEFIER PRESSURIZATION, Helium in UNITS 323, 324 and 325 shall be clean:

· Impurities: 
N2, O2, Ne: <50 ppmv.

· Moisture: 
Dew Point < -60°C

WARNING: POSITION OF ALL MANUAL VALVES SHALL BE VERIFIED.
LIQUEFIER: Reference Document

The Following documents are related:

· C1192 NT 114 – He2-V-007-A-015: 
Units 323 
Cycle Compressors Functional Analysis
· C1192 NT 116 – He2-V-007-A-014: 
Units 324 & 325
Loading Procedures

· C1192 NT 117 – He2-V-007-A-095: 
Units 324 & 325 
Tips & Alarm Lists

· [image: image95.emf]325 HV 821
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FE: 811, 812, 813: ~ 40g/s

Pulling or Cool-Down Flow From containers.

Use: Pulling / Cooling Speed Control.

FE: 821: ~ up to 105g/s

Loading of up to 3 Containers.

Use: Check Liquefier Balance.

FE: 049: up-to 280g/s

Use: Check Liquefier Balance.

FE: 121: up-to 250g/s

Use: Loading Speed Control.

Note: 

Each FE will be designed for

~35 mbar

at full flow.

C1192 NT 124 – He2-V-007-A-XXX:
Units 324 & 325 
INVENSYS Blocks: For CFC & SFC.

LIQUEFIER: Pre-Requisites
To be verified by the operator:

	
	· COMPRESSORS: STABLE OPERATION: 
LP ~1.05 Bara / MP ~5.0 Bara / HP ~20 Bara

	
	· LIQUEFIER: NO ACTIVE DEFAULTS

	
	· LIQUEFIER: AUTOMATIC VALVES: 
IN AUTO MODE

	
	· LIQUEFIER: MANUAL VALVE: 
IN NORMAL POSITION

	
	· WARNING: 
CHECK TURBINES VALVES CAREFULLY!


LIQUEFIER: Status
[image: image96.png]


The Liquefier can either be READY or NOT READY.

· When the Liquefier is READY: Gas from PSA can be admitted to the Liquefier.

· When the Liquefier is NOT READY: Gas from PSA shall be vented.

The Valve 322 PV 196A from PSA to
	LIQUEFIER READY
	- AND
	· G300 – LIQUEFIER COOL-DOWN - NOT IN STEP 0
· ADS_730 CONNECTED-FULL OR ADS_740 CONNECTED-FULL

· ADS_710 CONNECTED-FULL OR ADS_720 CONNECTED-FULL


[image: image97.png]ﬂAIR LIQUIDE



LIQUEFIER: Sequences
2.1.1 LIQUEFIER SEQUENCES: SFC CHART
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GENERAL G NAME DCS OPERATOR REMARK

SEQUENCE G100 STOP

X

SEQUENCE G200 PRESSU

X

SEQUENCE G210 PRESSU: Adsorbres

X X

SEQUENCE G300 COOL-DOWN

X

SEQUENCE G301 COOL-DOWN: Dewars X F

TURBINES

SEQUENCE G310 Turbines 1&2

X

SEQUENCE G330 Turbine 3

X

SEQUENCE G340 Turbine 4

X

SEQUENCE G350 Turbine 5

X

SEQUENCE G360 Turbine 6 X

ADSORBERS

SEQUENCE G701 Adsorbers 80K

X F

SEQUENCE G702 Adsorbers 20K

X F

SEQUENCE G711 Regen Adsorber 710

X X

Operator Start Available if 701 & 702 in Step 0

SEQUENCE G721 Regen Adsorber 720

X X

Operator Start Available if 701 & 702 in Step 0

SEQUENCE G731 Regen Adsorber 730

X X

Operator Start Available if 701 & 702 in Step 0

SEQUENCE G741 Regen Adsorber 740

X X

Operator Start Available if 701 & 702 in Step 0

SEQUENCE G712 Connect Adsorber 710

X X

Operator Start Available if 701 & 702 in Step 0

SEQUENCE G722 Connect Adsorber 720

X X

Operator Start Available if 701 & 702 in Step 0

SEQUENCE G732 Connect Adsorber 730

X X

Operator Start Available if 701 & 702 in Step 0

SEQUENCE G742 Connect Adsorber 740 X X Operator Start Available if 701 & 702 in Step 0

ADSORBERS

SEQUENCE G810 Vapors: Cool-Down

X

SEQUENCE G820 Vapors: Loading

X

SEQUENCE G121 Loading: Bay 1

X X

SEQUENCE G221 Loading: Bay 2

X X

SEQUENCE G321 Loading: Bay 3

X X

SEQUENCE G421 Loading: Bay 4 X X

ADSORBERS

SEQUENCE G900 VACUUM X

ADSORBERS

SEQUENCE G000 TRIP X


Note: “F” stands for Force Start, only accessible by ENGINEER, proceed with care.
Note: Operator Start Order will only be maintained if Initial Transition Conditions are OK.

2.1.2 LIQUEFIER SEQUENCES: Operation

1. [image: image98.png]


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
· G810 & G820: VAPORS RETURN: 
This will return vapors to the proper connection port in the liquefier during loading.
· G900 – LIQUEFIER VACUUM: G900 shall be initiated by the operator. It is independent from the other Liquefier sequences.

· GX21 – TARGET WEIGHT: GX21 are independent sequences, which can be used to control the mass of LHe Loaded in Trucks.
2.1.3 LIQUEFIER SEQUENCES: SFC (( UY Equivalence Chart

The Logic is described on PID as UY, this UY are related to SFC described in the present documents. UY and G relate as Follows:
	UNIT
	UY
	#
	(
	UNIT
	G
	#
	

	324
	UY
	001
	(
	
	
	
	Covers Liquefier General Sequences

	
	
	
	(
	324
	G
	000
	Liquefier Trip

	
	
	
	(
	324
	G
	100
	Liquefier Stop

	
	
	
	(
	324
	G
	200
	Liquefier Pressurization

	
	
	
	(
	324
	G
	300
	Liquefier Cool-Down

	
	
	
	(
	324
	G
	G301
	LHe Storages Connection

	
	
	
	(
	324
	G
	G900
	Vacuum Group

	324
	UY
	002
	(
	324
	G
	800
	Vapors Return Lines: General

	
	
	
	(
	324
	G
	810
	Vapors Return Line: For Cool-Down

	
	
	
	(
	324
	G
	820
	Vapors Return Line: For Loading

	324


	UY


	100

200
	(
	324
	G
	310
	Turbines 1&2 Start & Stop

	
	
	
	(
	324
	G
	311
	Turbines 1&2 Critical Speed

	324
	UY
	300
	(
	324
	G
	330
	Turbine 3 Start & Stop

	
	
	
	(
	324
	G
	331
	Turbine 3 Critical Speed

	324
	UY
	400
	(
	324
	G
	340
	Turbine 4 Start & Stop

	
	
	
	(
	324
	G
	341
	Turbine 4 Critical Speed

	324
	UY
	500
	(
	324
	G
	350
	Turbine 5 Start & Stop

	
	
	
	(
	324
	G
	351
	Turbine 5 Critical Speed

	324
	UY
	600
	(
	324
	G
	360
	Turbine 6 Start & Stop & Trip with By-Pass

	324
	UY
	700
	(
	
	
	
	Covers Adsorbers Sequences

	
	
	
	(
	324
	G
	210
	Adsorbers Pressurization (Relate to 324 G 200)

	
	
	
	(
	324
	G
	701
	80K Adsorbers General Sequence: 710 & 720

	
	
	
	(
	324
	G
	711
	ADS. 710: Regeneration

	
	
	
	(
	324
	G
	712
	ADS. 710: Connection

	
	
	
	(
	324
	G
	721
	ADS. 720: Regeneration

	
	
	
	(
	324
	G
	722
	ADS. 720: Connection

	
	
	
	(
	324
	G
	702
	20K Adsorbers General Sequence: 730 & 740

	
	
	
	(
	324
	G
	731
	ADS. 730: Regeneration

	
	
	
	(
	324
	G
	732
	ADS. 730: Connection

	
	
	
	(
	324
	G
	741
	ADS. 740: Regeneration

	
	
	
	(
	324
	G
	742
	ADS. 740: Connection

	325


	UY
	121

221

321
421
	(
	325
	G
	121
	Target Weight Bay 1

	
	
	
	(
	325
	G
	221
	Target Weight Bay 2

	
	
	
	(
	325
	G
	321
	Target Weight Bay 3

	
	
	
	(
	325
	G
	421
	Target Weight Bay 4


Note: Some UY are as well related to INTERLOCKS: Refer to C1192 NT 117 - He2-V-007-A-014 Interlocks List.
2.2 LIQUEFIER: Valves
2.2.1 VALVES: OPENING / CLOSING RAMPS

For Valves Definition and Animation on DCS refer to C1192 NT 124.

2.2.2 Valves: Characteristics
Two Types of valves are used on the Liquefier: “Equal Percent” and “Linear”: The action of these valves on the process is related to their characteristics, and this shall be considered while operating the valves.
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2.2.3 324 TV 615: T6 By-Pass (Up-stream JT Valves)

While T6 is OFF, all the flow fed to the cold-end is controlled by 324 TV 615 [=%, CV Max = 4.4]. During the first part of the cool-down, 324 TV 615 is open to a fix value (~50%). The following Chart gives the expected flow through 324 TV 615 as a function of the temperature.
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While 324 TV 615 is set in AUTO, its MAXIMUM Opening will be set no higher than 85%
2.2.4 324 PV 101: Flow to LHe Storages (JT Valve)
In operation, the flow processed by T6 (or by 324 TV 615) will then be processed by the JT Valves: 325 PV X01. These valves will:

· Control 324 XT 006 back pressure.
· Distribute the flow to the 4 different storages.

While the total flow to be processed will be about 540 g/s, the flow will not be evenly distributed across the 4 Valves. The flow distribution will be adjusted to maintain an even level across the four LHe Storages.

Thus, in normal operation, the flow to be processed by the JT Valves will range from a few g/s up to about 540 g/s.
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While 324 PV X01 are set in AUTO, their MAXIMUM Opening will be set no higher than 80%.
2.2.5 324 PV 049: GHe from Fixed LHe Storages

· Normal Operation

In normal Operation, 324 PV 049 is dedicated to control the pressure in the LHe Storage Tanks. This will help to maintain a constant over head pressure to load Lhe to the mobile containers.

· LHe Storages Connection

During LHe storage connection to the liquefier, 324 PV 049 shall be open slowly to avoid overloading the Compressor station. Indeed, while depressurizing the LHe storages into the Liquefier during connection, 1 mbar of over pressure in the LHe storage tank can account for as much as:

0.001Bar/1Bar * 20kg/m3 * 4 * 30 000US Gal * 0.0038 US.Gal/m3 = 10kg of He (( 1 mbar

The 400m3 GHe Buffer Tank is designed to store 1,000 kg of Helium, cautious reconnection is thus required.

· 324 PV 049: Characteristics

324 PV 049 is an =% Valve and will allow slow connection to the LHe storages and limited delta P while in normal operation.
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Note: In case of T5 Trip, the pressure drop in the heat exchanger will drop, and the Pressure 324 PT 048, downstream 324 PV 049 will decrease. This will increase the DP across 324 PV 049 allowing more gas from the LHe Storages to return to the compressor station. To avoid excessive cold flow return to the compressor station, the 324 PV 049 shall be throttled. The Maximum Opening of PV049 will be changed if 324 XT 005 is stopped.

2.3 LIQUEFIER: Flow Meters

2.3.1 Flow Meters: Definition

Flow Meters are defined in AIR LIQUIDE DTA Document: C1192 DS 114 (C)
The following flow meters are available on the Units 324 & 325:

[image: image10]
2.3.2 Flow Meters: Density Computation
Ref. to Flowmeter Data Sheet: C1192 DS 114.
For each Flow meter, on the liquefier, the density of Helium is calculated:

· Temperature 
in Kelvin

· Pressure 
in Bar Absolute

· Density
in kg/m3
· Flow 
in g/s

· DP
in mbar
For Gas:
· IF Temperature > 10K THEN 
Density = 0.1762 * 273.15 / Temperature * Pressure
· IF Temperature ≤ 10K THEN
Density = 120.4 * Temperature -1.42 * Pressure 1.4
For Liquid:
· 
Density = - 21.432 * Pressure + 146.74

2.3.3 Flow Meters: Flow Calculation
FLOW [g/s] = Alpha x √ ( DP [mbar] * Density [kg/m3] ) with Density = function (Pressure, Temperature)
	TAG
	LOCATION
	Fluid
	Alpha
	T
	P
	DP

	324 FE 049
	Storages Vapor Return
	Gas
	8.741
	324 TT 048
	324 PT 049
	324 FT 049

	324 FE 750
	Regeneration Circuits
	Gas
	5.297
	324 TT 750
	324 PT 750
+
324 FT 750
	324 FT 750

	324 FE 811
	Vap Return: Port 10K
	Gas
	3.274
	324 TT 810
	324 PT 810
	324 FT 811

	324 FE 812
	Vap Return: Port 20K
	Gas
	4.706
	
	
	324 FT 812

	324 FE 813
	Vap Return: Port 100K
	Gas
	12.31
	
	
	324 FT 813

	324 FE 821
	Vap Return: Port 10K Load
	Gas
	6.397
	324 TT 820
	324 PT 820
	324 FT 821

	325 FE X21
	Truck Loading: Bay 1 to 4
	Liquid
	5.059
	-
	325 PT 111
	325 FT X21

	TAG
	LOCATION
	Fluid
	FORMULA

	324 FE 810
	Vap Return: Port 10K
	Gas
	= FE 811 + FE 812 + FE 813


Note: For 325 FE X21: reading will not be accurate until, the fluid is liquid in the pipe. (No temperature Measurement Up-stream FE).
3 Control Loops
NOTE: For Control Loops related to Turbines, refer to chapter: Turbines.
3.1 324 PIC 029: JT Valves
	324 PC 029
	Object :
	Turbine 6 Back Pressure

	
	Actuator :
	325 PV 101, 201, 301 & 401

	
	Process Value:
	324 PT 029

	
	Set Point :
	~3.0 Bara* 

	
	Action :
	Direct


* Indicative Values.
3.1.1 324 PIC 029: Principle

The Pressure downstream T6 shall remain above 2.25 Bara (Critical Pressure) in order to eliminate any risk of biphasic flow. It is controlled by the JT-valves downstream T6, which will build-up pressure to keep supercritical conditions (>2.25 Bar) downstream T6. 324 XT 006 Discharge Pressure is controlled by 4 JT Valves. These 4x JT Valves are connected to 4x LHe Storage:
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As the consumption of LHe from the 4 storage tanks is not even (some bay will see more trucks than others), the flow feeding the 4 storage tank shall compensate in order to maintain an even level across the 4 storages. Therefore valves opening coefficient are attributed to all 4 JT Valves.
3.1.2 324 PIC 029: Control Value: Min / Max
While 324 PC 049 is ON, 324 PV X01 will have boundaries:
	MIN 
324 PV 101
	15% *

	MAX 
324 PV 101
	70% *


* Indicative Values.
325 PV X01 are 1’’ =% Control Valve with a Max CV of 17.4. Ref. C1192 DS 110.
In nominal Operating Conditions:
· Opening: 15% 
( 30 g/s, which could be considered as the minimal flow.

· Opening: 50% 
( 140 g/s, which is the Nominal Flow.
· Opening: 70% 
( 540 g/s, which is T6 Max Flow.
3.1.3 324 PIC 029: Valve Opening Coefficient
To adjust the JT-Valves opening and to maintain the level in the LHe Storages, the USER has the opportunity to change the following two parameters:

· FLOW:  When flow is drained from the Storage (325 FT X21), flow is required for compensation. Thus 325 FT X21 will affect 325 PV X01 Coefficient. (325 FT X21 ( Then 325 PV 101 Coefficient ().
· LEVEL: When the storage Level (mass) is less (325 WT X11), flow is required for compensation. Thus 325 WT X11 will affect 325 PV X01 Coefficient. (325 WT X11 ( Then 325 PV 101 Coefficient ().
· BAY:  The USER can give weight to each parameter, plus weight to each bay. A total of 6 weighting parameters are then available (Flow & Level + Bay 1, 2, 3, 4).

For BAY 1, The JT Valves Opening Coefficient are calculated as Follows:

FLOW_1 
=  MAX ( 325 FT 121, 25 g/s * )
FLOW_1 Coefficient 
=  4 x FLOW_1 / Σ FLOW_i 
LEVEL_1 (3)
=  MAX ( 325 WT 111 / 
14,500kg ** , 10% * )
LEVEL_1 Coefficient 
=  4 x 1 / LEVEL_1 / Σ (1 / LEVEL_i )
BAY_1
=  For each Bay, the user can force a coefficient, called Bay from 1 to 10.

BAY_1_Coefficient 
=  BAY_1 / Σ BAY_i 
Note: * 
The Max Function will keep Level_1 and Flow_1 between 10% and 100% of their full scale.
Note: ** 
The Maximum Weight (Net Weight) is 14,500kg for one fixed dewar.
Note: 
A Ramp applies to any changes to the coefficient. The Ramp is less than 0.2%/Sec.
Note: 
For Level, 325 WT X11 are used: Mass measurement being more accurate.
Once the three coefficients are calculated, the JT valves opening behave as follows:

JT_1_Coefficient
= 
+
FLOW_1_Coefficient 
x USER FLOW Coeff (1)


+  
LEVEL_1_Coefficient
x USER LEVEL Coeff (1)


+  
BAY_1_Coefficient 
x USER BAY Coeff (1)
JT_1
= 4 x JT_1_Coefficient / Σ JT_i_Coefficient
324 PV 101 OPENING
= JT_1 x 324 PC 029 OutPut (2) 
WITH RAMP 2.0%/Sec.
Note (1): 
The Operator gives a priority using coefficient for each of the three coefficients:

· For Flow: 
Priority from 0 to 10.
· For Level: 
Priority from 0 to 10.
· For User: 
Priority from 1 to 10.

Note (2): 
A MINIMUM opening applies to each of the JT Valves in order to have a continuous flow.

A MAXIMUM opening applies to each JT Valves in order to limit the flow (low pressure downstream T6)

Note (3) : 
LEVEL_X is displayed on HMI as 325 LI X21 ( 325 LI X21 is calculated from the weight 325 WT X11).
3.1.4 324 PIC 029: Control Window

The Parameters to control the JT Valves are accessible from a dedicated window:
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Note: The Values in Blue are accessible with Engineer Access.

Note: The Values in Green are accessible with the Operator Access.

324 PIC 049 & 809: LHe Storages Pressure Control

Two Control Valves are dedicated to LHe Storage Tanks Pressure control:

· 324 PIC 049: used in Normal Operation to maintain a constant P in the LHe Storages: ~1.30 Bara.

· 324 PIC 809: used in when Liquefier is down to avoid Pressure increase in the LHe Storages.
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3.1.5 324 PIC 049: LHe Storages Pressure Control (Liquefier ON)

	324 PC 049
	Object :
	LHe Storage Pressure (Liquefier ON)

	
	Actuator :
	324 PV 049

	
	Process Value:
	324 PT 049

	
	Set Point :
	~1.3 Bara* 

	
	Action :
	Direct


324 PC 049 CV (Control Value) will have boundaries: (Only active in Auto Mode)
	MIN OPENING
	
	15%*

	MAX OPENING
	324 XT 005: ON
	80%* 
Move Clamp with Ramp +1%/s*

	
	324 XT 005: OFF
	50%*
Move Clamp with No Ramp


* Indicative Values.
Note: When T5 is in operation, the pressure 324 PT 048 downstream 324 PV 049 is low (Less Flow through LP, Heat Exchangers, Less DP). The flow drained through 324 PV 049 is increased and large quantity of cold gas can be returned to the compressor station. Therefore, the Maximum opening of 324 PV 049 is limited when T5 is OFF.
3.1.6 324 PIC 809: LHe Storages Pressure Control (Liquefier OFF)

	324 PC 809
	Object :
	LHe Storage Pressure (Liquefier OFF)

	
	Actuator :
	324 PV 809

	
	Process Value:
	324 PT 049

	
	Set Point :
	~1.15 Bara* 

	
	Action :
	Direct


* Indicative Values.
324 FIC 750: Adsorber Depressurization & Cool-Down

	324 TC 750
	Object :
	Depressurization & Cool-Down Flow 

	
	Actuator :
	· 324 FV 713

· 324 FV 723

· 324 FV 733

· 324 FV 743

Note: 1 Valve at the time selected by the DCS

	
	Process Value:
	324 FT 750

	
	Set Point :
	5g/s to 20g/s*

Note: Will vary depending on Adsorber and Operation.

	
	Action :
	Indirect


* Indicative Values: Accessible from DCS.

324 DPIC 759: Adsorber Warm-Up
	324 DPIC 759
	Object :
	Adsorbers warm-up regeneration flow 

	
	Actuator :
	324 K 001M Regeneration Blower VFD [Rotation Speed Hz]

	
	Process Value:
	324 PDT 759

	
	Set Point :
	SP = ATT 324 TT 759 (Calculated from 324 TT 759 )

	
	Action :
	Indirect


An attenuator set the set point of the Control Loop 324 DPIC 759. This attenuator is based on the Blower discharge pressure. Indeed, the Discharge Temperature is a direct consequence of the Pressure Rise.

3.1.7 BLOWER: ATT 324 TT 759
324 DPIC 759 controls the blower pressure rise. Nevertheless, as function of the gas composition (He, Ne N2), and of the inlet temperature, the discharge temperature may rise, leading to unsafe operation. Therefore, the pressure rise is limited by ATT 324 TT 759, when the discharge temperature is above 115°C.
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3.1.8 BLOWER: THUTILL® PD Characteristics
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Note: For VFD: 4mA = 25Hz i.e. Mini Speed and 20mA = 60Hz i.e. Maxi Speed.

4 LIQUEFIER: pressuriZation

G200 - PRESSURIZATION: Principle
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4.1  G200 - PRESSURIZATION: SFC

	0
	-

	(010
	- AND
	- AND
	- G100 FINAL STEP 
/ LIQUEFIER STOP
- G200 START ORDER by OPERATOR 
/ PRESSURIZATION

	
	
	- COMPRESSOR STATION:
- In Nominal Operation: 
1 LP and 1 HP Comp. in Operation.

- 323 AT 809 < -60°C
Compressors Moisture Analyzer.
- VALVES: Liquefier: 324
- 324 HV 710, 720, 730, 740: 
CLOSED
Adsorbers Inlet
- 324 HV 719, 729, 739, 749: 
CLOSED
Adsorbers Outlet
- 324 SV 110, 310, 410, 510, 610:
CLOSED
Turbine Inlet
- 324 HV 803, 804, 810: 
CLOSED
Deriming Valves
- 324 MV 802: 
CLOSED
Deriming Valve
- 324 TV 615: 
CLOSED
T6 By-Pass

- VALVES: Distribution 325
- 325 HV X21, X26, X27, X28, X29:
CLOSED 
Trucks Loading (all bays)
- 325 HV 805, 495:
CLOSED
Loading Bays By-Pass

	
	Note: If the conditions are False a warning is displayed and the sequence is stopped.

	010
	DE-PRESSURIZATION: ADSORBERS

	
	· START: G210 - ADSORBER DE-PRESSURIZATION

This sequence will depressurize the absorbers to avoid over pressure.

	(100
	
	- ADSORBER DE-PRESSURIZATION SEQUENCE NOT IN STEP 0

	100
	PRESSURIZATION: TURBINE BEARING

	
	· OPEN 324 XV 050
/ To bearing capacity.

	(200
	AND
	· 324 XV 050 OPEN

· | 324 PT 050 – 323 PT 807 | < 0.3 Bar
/ Bearing Capacity  - WCS HP
· TIMER 100


	200
	PRESSURIZATION: LP

	
	· OPEN 324 XV 040 B
/ LP Pressurization Valve.

	(210
	AND
	- | 324 PT 040 – 323 PT 811 | < 0.1 Bar
/ Liquefier LP - WCS LP
- TIMER 200

	210
	· OPEN 324 XV 040 A
/ LP Isolation Valve.

	(220
	
	- 324 XV 040 A OPEN

	220
	· CLOSE 324 XV 040 B
· OPEN 324 HV 814 WITH RAMP 2.0%/Sec
/ Truck Vapors Cool-Down Line to LP
· OPEN 324 HV 824 WITH RAMP 2.0%/Sec
/ Truck Vapors Load Line to LP
NOTE: 
324 HV 814 & 824 open to avoid thermal expansion in Vapor Return Lines.

· OPEN 324 HV 803 WITH RAMP 2.0%/Sec
/ HP Cold End to LP (T6 Discharge).
NOTE: 
324 HV 803 remains open until the cold storages are connected.

324 HV 803 is closed by the SFC: G-301 “LHe Storages connection”.

	(300
	AND
	- 324 XV 040 B CLOSED

- 324 HV 814 OPEN 100%
- 324 HV 824 OPEN 100%
- 324 HV 803 OPEN 100%

	300
	PRESSURIZATION: MP

	
	· OPEN 324 XV 030 B
/ MP Pressurization Valve.

	(310
	
	- | 324 PT 030 – 323 PT 821 | < 0.2 Bar
/ Liquefier MP - WCS MP 

	310
	· OPEN 324 XV 030 A
/ MP Isolation Valve.
· WHEN 324 XV 030 A OPEN: 
CLOSE 324 XV 030 B

	(400
	AND
	- 324 XV 030 A OPEN

- 324 XV 030 B CLOSED

	400
	PRESSURIZATION: HP T1 & T2

	
	· OPEN 324 XV 010 B
/ HP T1&2 Pressurization Valve.

	(410
	
	- | 324 PT 110 – 323 PT 807 | < 0.2 Bar
/ Liquefier HP - WCS HP

	410
	· OPEN 324 XV 010 A
/ HP T1&2 Isolation Valve.
· WHEN 324 XV 010 A OPEN: 
CLOSE 324 XV 010 B

	(500
	- AND
	- 324 XV 010 A OPEN

- 324 XV 010 B CLOSED


	500
	PRESSURIZATION: HP T3, T4, T5, T6

	
	· OPEN 324 XV 020 B
/ HP Pressurization Valve.

	(510
	
	- | 324 PT 020 – 323 PT 807 | < 0.2 Bar
/ Liquefier HP - WCS HP

	510
	· OPEN 324 HV 701 WITH RAMP 2.0%/Sec
· OPEN 324 HV 702 WITH RAMP 2.0%/Sec
- Adsorber 20K and 80K By-Pass: Complete HP Line Pressurization.

	(520
	- AND
	- 324 HV 701 OPEN 100%
/ 80K Adsorbers By-Pass Valve
- 324 HV 702 OPEN 100%
/ 20K Adsorbers By-Pass Valve
- | 324 PT 020 – 323 PT 807 | < 0.2 Bar
/ Liquefier HP 020
- | 324 PT 702 – 323 PT 807 | < 0.2 Bar
/ Pressure Downstream Ads. 20K.

	520
	· OPEN 324 XV 020 A
/ HP Isolation Valve.
· WHEN 324 XV 020 A OPEN: 
CLOSE 324 XV 020 B

	(700
	- AND
	- 324 XV 020 A OPEN

- 324 XV 020 B CLOSED

	700
	DEPRESSURIZATION: LHe STORAGES

	
	· START 324 PC 809 WITH SET-POINT = 1.15 Bara.
/ LHe Storages P Control to Gas Bag

	(800
	
	- 1

	800
	PRESSURIZATION: FINAL STEP

	
	· All Liquefier Circuits are connected to the Compressor Station:

· 324 PT 050 
Turbine Bearings.
· 324 PT 110 
HP to Turbines 1 & 2.
·  324 PT 020
HP to Turbines 3, 4, 5, 6.

· 324 PT 030
MP from Turbines 2, 3, 4.

· 324 LP 040
LP from Turbine 5 and 324 PV 049.

	( 0
	- OR
	- G100 STEP ≠ 0 - LIQUEFIER STOP in Progress
- G300 STEP ≠ 0 - LIQUEFIER COOL-DOWN in Progress


G210 - ADSORBERS DEPRESSURIZATION: Principle
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G210 - ADSORBERS DEPRESSURIZATION: SFC
	0
	-

	(010
	- OR
	- G210 – START ORDER by DCS
/ ADSORBERS DEPRESSU

	
	
	
	

	
	
	- AND
	· G210 – START ORDER by OPERATOR
/ ADSORBERS DEPRESSU 
· G100 - FINAL STEP
/ LIQUEFIER STOP
· VALVES:

- 324 HV 710, 720, 730, 740: 
CLOSED
/ Adsorbers Inlet
- 324 HV 719, 729, 739, 749: 
CLOSED
/ Adsorbers Outlet
- 324 XV 750, 759, 752, 753:
CLOSED
/ Adsorber Regen

- 324 XV 714, 724, 734, 744:
CLOSED
/ Adsorber Regen

- 324 HV 804: 
CLOSED
/ CB to E010

	
	Note: If the conditions are False a warning is displayed and the sequence is stopped.

	010
	· CLOSE 324 XV 751
/ To Atm.

· CLOSE 324 FV 713, 723, 733, 743
/ Adsorber Out Regen Valves.

	(020
	· 324 TT 750 > -5°C
- 324 FV 713, 723, 733, 743: Closed
	( 100
	· G210 STOP REQUEST

	020
	- OPEN 324 XV 751 
To Atmosphere

	(030
	· 324 PT 750 < 1.2 Bara
	( 100
	· G210 STOP REQUEST

	030
	- IF 324 PT 712 > 2.0 Bara 
THEN 
OPEN 324 FV 713 
WITH RAMP* @ 50%**
- IF 324 PT 722 > 2.0 Bara 
THEN 
OPEN 324 FV 723 
WITH RAMP* @ 50%**
- IF 324 PT 732 > 2.0 Bara 
THEN 
OPEN 324 FV 733 
WITH RAMP* @ 50%**
- IF 324 PT 742 > 2.0 Bara 
THEN 
OPEN 324 FV 743 
WITH RAMP* @ 50%**
- IF 324 PT 712 < 1.5 Bara 
THEN 
CLOSE 324 FV 713
- IF 324 PT 722 < 1.5 Bara 
THEN 
CLOSE 324 FV 723

- IF 324 PT 732 < 1.5 Bara 
THEN 
CLOSE 324 FV 733

- IF 324 PT 742 < 1.5 Bara 
THEN 
CLOSE 324 FV 743
Note*  : RAMP: 1.0%/Sec

Note**: Values to be adjusted during Start-Up

	(010
	- OR
	· 324 PT 750 > 1.3 Bara
· 324 TT 750 < -10°C
	( 100
	· G210 STOP REQUEST

	100
	· CLOSE 324 XV 751
/ To Atm.

· CLOSE 324 FV 713, 723, 733, 743
/ Adsorber Regen Out Valves.

	(0
	· 324 XV 713, 723, 733, 743: 
CLOSED

· 324 XV 751: 
CLOSED


5 LIQUEFIER: cool down

G300 - LIQUEFIER COOL-DOWN: Principle
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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.
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5.1 G300 - LIQUEFIER COOL-DOWN: SFC

	0
	

	(100
	- AND
	- AND
	- G300 START ORDER by OPERATOR
/ LIQUEFIER COOL DOWN
- G200 FINAL STEP
/ LIQUEFIER PRESSURIZATION

	
	
	- VACUUM:
- 324 PT 950 < 10-3 mbar
Liquefier Vacuum Enclosure
- 325 PT 960 < 10-3 mbar
Distribution Upper Deck: To Fix Storages
- 325 PT 970 < 10-3 mbar
Distribution Lower Deck: To Trucks.

	
	Note: If the conditions are False a warning is displayed and the sequence is stopped.

	
	*Note: Cool-Down is Started MANUALLY after completion of the PRESSURIZATION Sequence:
- At this Moment LP, MP, HP Circuits are connected to the cold box.

- The Adsorbers are depressurized by a dedicated sequence: G210 - Adsorber Depressurization.

- The LHe Storages Pressure is maintained by sending excess of gas to the Gas Bags.

	100
	CIRCULATION

	
	Circulation is forced through the cold box via 324 TV 615 and 324 HV 803:
- 324 HV 803 is already Open (Ref. G200- Liquefier Pressurization)

- 324 TV 615 set to obtain a circulation flow: 10 ~ 80g/s (flow will increase while temp decreases)

- 324 HV 810 and 324 HV 812 are open to partially by-pass HX3 during cool-down.

· OPEN 324 TV 615 WITH RAMP 1.0%/Sec to 50% (1)
/ T6 By-Pass ( Circulation in Liquefier
· OPEN 324 HV 810 WITH RAMP 1.0%/Sec to 50%
/ HX3 By-Pass Line 4K ( 20K Level
· OPEN 324 HV 812 WITH RAMP 1.0%/Sec to 50%
/ HX3 By-Pass Line 4K ( 20K Level
· CLOSE 324 HV 814
/ From HX By-Pass Line (300K Level

· STOP G210 – ADSORBERS DEPRESSURIZATION
/.G210 Started earlier by G200-Pressu
Note: The Temperature Gradient of the Heat Exchanger is being established. For instance, after a Trip, the Warm End of Heat Exchanger 1 is ~200K and The Temperature Gradient Shall be reestablished smoothly.

Note (1): The Opening Value for 324 TV 615 shall be adjusted during Commissioning. The flow shall be sufficient to establish the HX Gradient, but shall not jeopardize the compressor station stability. 

WARNING: While Helium expands, its temperature increases, which can cause the Temperature 324 TT 029 and 324 TT 048 to rise. As per ALPEMA 65°C is the Maximum allowable temperature. This temperature is out of the sensors range. [4-325K i.e Max = 52°C].

	(110
	- AND
	- TIMER 120 sec.

- 324 TT 040 > 0°C

- G210 – ADSORBERS DEPRESSURIZATION IN STEP 0


	110
	LHe STORAGES CONNECTION

	
	· START: G301 - LHe STORAGES CONNECTION
G301 manages the cold end Valves in parallel of the Cool-Down sequence:

· 324 PV 101, 201, 301, 401:
JT Valves which shall be connected smoothly.

· 324 PV 809:
LHe Storage to Gas Bag for depressurization.

· 324 PV 049: 
LHe Storage to Liquefier for Operation.

· 324 HV 803: 
Cold End By-Pass: on Liquefier

· 325 HV 805:
Cold End By-Pass: on distribution.
· 325 HV 495:
Loading Line Cooling.
At the beginning the Liquefier will run on the Cold End By-Pass 324 HV 803 and the LHe Storages are depressurized to the gas bag. When Pressure & Temperature are OK, the LHe Storages are slowly connected to the liquefier.
Slow LHe storages connection is required to:

· Avoid large amount of cold gas from LHe Storages to the liquefier (Liquefier T & Surge Drum P)

· Avoid fast vaporization of LHe while connecting warm lines to LHe storages.

	(200
	
	· G301 - LHe STORAGES CONNECTION NOT IN STEP 0

	200
	ADSORBERS

	
	· START: G701 – 80K ADSORBERS GENERAL

	(210
	
	· 1

	210
	· DISPLAY: “TURBINES 1&2 READY FOR START-UP”
/ From this Step T1 can be started by Op.
· DISPLAY: “TURBINE 3 READY FOR START-UP” 
/ From this Step T3 can be started by Op.

	(220
	OR
	· ADSORBER 80K: 710 CONNECTED - FULL
· ADSORBER 80K: 720 CONNECTED - FULL

	220
	· START: G702 – 20K ADSORBERS GENERAL

	
	· DISPLAY: “TURBINE 4 READY FOR START-UP”
/ From this Step T4 can be started by Op.

	(230
	OR
	· ADSORBER 20K: 730 CONNECTED - FULL

· ADSORBER 20K: 740 CONNECTED - FULL

	230
	· DISPLAY: “TURBINE 5 READY FOR START-UP” 
/ From this Step T5 can be started by Op.

	(400
	
	- G301 – FINAL STEP
/ LHe STORAGES CONNECTED


	400
	CLOSE COOL-DOWN BY-PASS

	
	· CLOSE 324 HV 810 RAMP 1.0%/Sec
/ HX3 By-Pass Line 4K ( 20K Level
· CLOSE 324 HV 812 RAMP 1.0%/Sec
/ HX3 By-Pass Line 4K ( 20K Level

	(410
	- AND
	· 324 HV 810: CLOSED

· 324 HV 812: CLOSED

	410
	· OPEN 324 HV 814 RAMP 1.0%/Sec

	(500
	- AND
	· 324 HV 814: OPEN @ 100%

· 324 TT 029 < 10K
/ Temperature Up-Stream JT

	500
	TURBINE 6 BY-PASS & JT VALVES
/ 324 TV 615 & 325 PV 101, 201, 301, 401

	
	325 PV 101, 201, 301 and 401 are already open (at a fixed value) by G-301  “LHe Storage Conection”
324 PC 029 Actuator is 325 PV 101, 201, 301, 401 [JT Valves] and Controls T6 Back Pressure.
· START: 324 PC 029 WITH MINI & MAXI OPENING
/ Ref Chap. 324 PC 029
( RAMP ON SET POINT: ACTUAL PV TO NOMINAL SP: 0.5 Bara/min
( OPEN 324 PV 101, 201, 301, 401 WITH APPLICABLE COEFFICIENT
/ Ref Chap. 324 PC 029
Note: Ramp on 324 PC 029 Set Point will continue after Step 500 until it reaches its final value.

	(510
	
	· TIMER 60sec

	510
	· START: 324 TV 615 COMPUTATION WITH MINI & MAXI OPENING & ATTENUATORS
Note: 324 TV 615 Computation is based on Surge Drum Pressure (323 PV 812), Cycle Load Valve (323 PV 810 A) and Adsorbers Temperatures.

	(600
	
	· TIMER 60sec

	600
	TURBINE 6: READY TO START
/ NOMINAL STEP

	
	· DISPLAY: “TURBINE 6 READY FOR START-UP”
/ From this Step T6 can be started by Op.

	
	Note: 
- If T6 is Started, TV615 will close

- If T6 is tripped or stopped, TV615 will open.

Refer to T6 Sequences.

	( 0
	
	· G100 – STEP ≠ 0 - LIQUEFIER STOP IN PROGRESS


G301 - LHe STORAGE CONNECTION: Principle
“ LARGE AMOUNT OF COLD GAS STORED IN LHe STORAGES: PROCEED CAREFULLY ”

TO BE TESTED AND ADJUSTED CAREFULLY DURING COMMISSIONING

5.1.1 LHe Storages Connection: PFD

The Liquefier is equipped with valves dedicated to cool down:

· 324 HV 803: Liquefier by-Pass during cool-down

· 324 HV 810: Allowing HX3 By-Pass while combined with 324 HV 812.
· 325 HV 805: Loading Bay Cool-Down Loop, to cool down lines upstream the bay.

In addition to this valves, the cold end is equipped with:

· 324 PV X01: Four JT Valves dedicated to evenly distribute LHe in the LHe Storages.
· 324 PV 049: allows smooth depressurization and pressure control of the LHe storages.
· 325 HV 495: to maintain the Loading Line under cold connection using LHe from Bay D.

Note: 324 HV 804 is used for Warm-Up and Deriming.
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5.1.2 LHe Storages Connection: Smooth Connection

( SMOOTH CONNECTION:

Smooth Connection is required for the following valves:
· 324 PV 049: allows returning the LHe vapors from the LHe storages to the Liquefier.
During connection, build-up vapors shall be returned slowly to the liquefier. 
[G301 – Step 110]
· 325 HV 805: Bay Cool Down Loop, allows cool down of the lines up-stream the JT Valves.
During connection, the heat stored in the lines, will not be damped into the storages. 
[G301 – Step 200]
· 325 PV X01: JT Valves, allows distributing LHe to the LHe storages 

During connection, the heat stored in the JT Valves, will not be damped into the storages. 
[G301 – Step 300]
Note: 324 HV 803 shall also be slowly closed.

Note: 325 HV 805 shall also be slowly closed.
( CONNECTION CRITERIA:

The criteria used for connection is the compressor station HP: 323 PT 810. Indeed, the cold gas return from the LHe storages to the Liquefier will eventually be returned to the compressor and to the compressor HP. If the HP (323 PC 810 PV) cannot be maintained at its set point (323 PC 810 SP), it is considered that the connection is not smooth. The criteria are defined as follows:

· Very Good: 
| 323 PC 810 SP - 323 PC 810 PV | < 100 mbar*
· Good:
Between Very Good and Bad
· Bad:
| 323 PC 810 SP - 323 PC 810 PV | > 100 mbar*
· Very Bad: 
| 323 PC 810 SP - 323 PC 810 PV | > 250 mbar*
Note* : Parameters can be adapted during start-up.
Note  : If required, the criteria can include additional parameters such as:

· 323 PT 811: Compressor LP Pressure.
· 324 FT 049: Flow from LHe Storages to Liquefier, which shall be kept low during connection.

· 324 TT 040: Liquefier LP Return Temperature, which might get cold.

( CONNECTION ACTION:

The action is based on the above criteria and is as follows:
· Very Good: 
The Valve opens very slowly following a ramp. 
(Ramp can be adapted)
· Good:
The Valve is frozen, the position is maintained.

· Bad:
The Valve closes slowly following a ramp. 
(Ramp can be adapted)
· Very Bad: 
The Valve closes quickly with no ramp. 
(Ramp can be adapted)
( The behavior of the valve will be as follows: (Several Open / Close cycle shall be expected)
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5.1.3 LHe Storages Connection: Depressurization & Vapors Connections
( G301 STEP 100:

- Depressurization to gas bag using 324 PV 809: Until Storages are depressurized. (~1.2 Bara)
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( G300 STEP 110:
- Depressurization to gas bag using 324 PV 809 continues.

- Depressurization to Liquefier using 324 PV 049: Until Storages are depressurized.

WARNING: LARGE QUANTITIES OF GAS CAN BE RETURNED TO LIQUEFIER.
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( G300 STEP 120:
- 324 PV 809 is closed: Gas Bags are disconnected.

- 324 PV 049: 324 PV 049 Control Loop Started.
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5.1.4 LHe Storages Connection: Bay Line Connection
( G301 STEP 200:

- 325 HV 805 Located at the end of the loading bays is open to allow cool down of the lines prior to connection.
As for 324 PV 049, the opening of 325 HV 805 is done very slowly, in parallel with 324 HV 803.
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( G300 STEP 210:
- 324 HV 803 is closed to force all cool-down flow through 325 HV 805. 324 HV 803 is closed slowly.
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- 325 HV 805 circulates cold gas upstream the JT Valves, to avoid LHe Vaporization during connection.
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5.1.5 LHe Storages Connection: Bay Line Connection

( G301 STEP 300:

- 325 PV X01 are slowly connected. As the valves might be warm and the LHe Storages might contain liquid, the connection might result in large quantities of cold helium to liquefier and compressor station.
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( G301 STEP 310 & 400:

- 325 HV 805 is slowly closed, while all the flow is forced to the LHe storages, bringing potentially more heat.
- 325 HV 495 is open with ramp to maintain the loading line under cold conditions.
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( FINAL:
- At the end of G301, G300 – Liquefier Cool Down, will move to Step 400, where 324 HV 810 is closed.
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 G301 - LHe STORAGE CONNECTION: SFC

NOTE: The Amount of Gas Contained in the LHe Storages is substantial. 50 mbar of overpressure in the LHe Storages correspond to a Mass of about 500 kg of Helium: i.e. ~50% of the Surge Drum capacity.
Fast connection of the LHe storages could result in:
- Up-Set in Cycle HP control (HP increase and instability)


- Over Pressure on Surge Drum and Compressors


- Freezing of the Liquefier LP Line (LP / MP HX and Lines)

WARNING: Minimum Temperature at Liquefier outlet is - 50°C.
	0
	

	
	- G301 START ORDER by DCS
/LHe STORAGE CONNECTION

	100
	LHe STORAGES: CONNECTION / VAPORS

	
	· SET = 324 PC 809 SP = MAX(1.10 Bara; 324 PT 048)
/324 PC 809 uses PT 049 as a PV

· START = 324 PC 809
/ LHe Storage PC  to GasBags

Note: While connected to Gas Bags via 324 PV 049, the LHe Storage Tank are always kept at 1.1 Bara or higher to avoid backflow.

	(110
	- AND
	· 324 PT 049 < 1.20 Bar

· TURBINES 1&2 ON

	110
	VAPOR RETURN: 324 PV 049
· IF | 323 PC 810 PV – 323 PC 810 SP | < 0.100 mbar THEN
/ Compressor Station HP OK
OPEN 324 PV 049 AT ~10% WITH RAMP ~0.01%/Sec. 
· IF | 323 PC 810 PV – 323 PC 810 SP | > 0.100 mbar THEN

CLOSE 324 PV 049 WITH RAMP ~0.01%/Sec.

/ Compressor Station HP High
· IF | 323 PC 810 PV – 323 PC 810 SP | > 0.250 mbar THEN
/ Compressor Station HP High
CLOSE 324 PV 049 NO RAMP.

Note: The Total Volume of the LHe Storage Tanks is about 480m3 (60 tons of Liquid or 10 tons of Cold Gas), which is significant. While opening 324 PV 049, the cold vapors contained in the LHe Storages will be returned to the compressor station, and this shall be done very carefully. Fast connection could result in Compressor Up-Set, Surge Drum Full, and Liquefier “Freezing”.

( Other Conditions can be added during commissioning to control 324 PV 049 Opening.

	(120
	- AND
	· | 324 PDT 049 | < 0.025 Bar

· 324 PV 049 OPEN AT 10%

	120
	· CLOSE:
324 PV 809

/ LHe Storage Tanks to Gas Bags.

· STOP:  
324 PC 809

/ LHe Storage Pressure Control to Gas Bags.
· START: 
324 PC 049

/ LHe Storage Pressure Control to Liquefier.
- WITH MINIMUM OPENING 
= 10%
- WITH SET POINT 
= 1.30 Bara
/ To be adjusted during commissioning

	
	At this Point, the LHe Storages Vapors are returned to the Liquefier.

	(200
	
	· 324 PV 809 CLOSED


	200
	LHe STORAGES: CONNECTION / LINES

	
	325 HV 805 is a cold by-pass connected up-stream the JT Valves:
- Allow smooth cool down of Lines from Liquefier to JT Valves
- Allow smooth cool-down of Lines from LHe Storages to Liquefier.
(  Avoid sending warm gas to the LHe Storage during connection.

Note: Back flow to storages might occur during the opening of 325 HV 805.
Back Warm Flow to LHe storages could cause significant Liquid Vaporization,
which would impact the gas inventory in the Cycle, and thus the HP Control.

( Other Conditions can be added during commissioning to control 324 HV 805 Opening.

	
	325 HV 805: JT Collector Cool-Down By-Pass

· IF | 323 PC 810 PV – 323 PC 810 SP | < 0.100 mbar THEN
/ Compressor Station HP OK
OPEN 325 HV 805 AT ~50% WITH RAMP ~0.2%/Sec.

· IF | 323 PC 810 PV – 323 PC 810 SP | > 0.100 mbar THEN
/ Compressor Station HP High
CLOSE 325 HV 805 WITH RAMP ~0.2%/Sec.

· IF | 323 PC 810 PV – 323 PC 810 SP | > 0.250 mbar THEN
/ Compressor Station HP High
CLOSE 325 HV 805 NO RAMP

	(210
	- AND
	· 324 TT 029 < MIN (325 TT 101; 201; 301; 401) + 5K

· 325 HV 805 OPEN AT 50%

	210
	Once 325 HV 805 is Open, 324 HV 803 can be closed. As closing 324 HV 803 will force more flow to 325 HV 805, this operation shall also be performed slowly.

	
	324 HV 803: Liquefier Cool-Down By-Pass

· IF | 323 PC 810 PV – 323 PC 810 SP | < 0.100 mbar THEN 

CLOSE 324 HV 803 WITH RAMP ~2%/Sec

	(300
	- AND
	· 324 TT 029 < MIN (325 TT 101; 201; 301; 401) + 5K

· 325 HV 803 CLOSED


	300
	LHe STORAGES: CONNECTION / JT VALVES

	
	NOTE: 325 PV 101, 201, 301, 401: JT Valves can be warm. JT Valves connection can result in LHe Vaporization, which will impact the Cycle gas inventory and thus the HP Control.
( JT Valves shall be connected slowly.

( Other Conditions can be added during commissioning to control 324 PV X01 Opening.

	
	325 HV 101, 201, 301, 401: JT VALVES

· IF | 323 PC 810 PV – 323 PC 810 SP | < 0.100 mbar THEN
/ Compressor Station HP OK
OPEN 325 PV 101, 201, 301, 401 AT 10% WITH RAMP ~0.01%/Sec.

· IF | 323 PC 810 PV – 323 PC 810 SP | > 0.100 mbar THEN
/ Compressor Station HP High
CLOSE 325 PV 101, 201, 301, 401 WITH RAMP ~0.01%/Sec.
· IF | 323 PC 810 PV – 323 PC 810 SP | > 0.250 mbar THEN
/ Compressor Station HP High
CLOSE 325 PV 101, 201, 301, 401 AT 10% RAMP

	(310

	- AND
	· OR
	· 325 PV 101 OPEN AT 10%

· 325 PV 201 OPEN AT 10%

· 325 PV 301 OPEN AT 10%

· 325 PV 401 OPEN AT 10%

	
	
	· 324 TT 048 < 10K

	
	At Least 1 JT Valve must be Open to operate the Liquefier.

OTHER JT VALVES MIGHT BE LOCKED FOR MAINTENANCE PURPOSES.

	310
	NOTE: Once 325 PV 101, 201, 301, 401 are Open, 324 HV 805 can be closed. As closing 324 HV 805 will force more flow to 325 PV 101, 201, 301, 401. This will result in potential LHe Vaporization, which will impact the Cycle gas inventory and thus the HP Control. 325 HV 805 shall be closed slowly.

	
	325 HV 805: JT Collector Cool-Down By-Pass

· IF | 323 PC 810 PV – 323 PC 810 SP | < 0.100 mbar THEN


CLOSE 325 HV 805 WITH RAMP ~0.2%/Sec.

	(400
	- AND
	· 324 TT 029 < MIN (325 TT 101; 201; 301; 401) + 5K

· 325 HV 805 CLOSED

	400
	LHe STORAGES CONNECTED

	
	325 HV 495 is draining LHe to maintain the Liquefier Truck Loading Vapor Return Line in cold conditions. The line will not warm-up between 2 loadings, which will allow smooth connection.

325 HV 495 is used only when T5 is ON in order to allow for sufficient dilution of the flow.

	
	· IF TURBINE 5 ON 
THEN OPEN 
325 HV 495 WITH RAMP 0.2%/Sec AT 50%

· IF TURBINE 5 OFF 
THEN CLOSE 
325 HV 495 WITH RAMP 0.2%/Sec

	(0
	
	· G100 – LIQUEFIER STOP – NOT IN STEP 0


6 LIQUEFIER: VOLUNTARY stop 

G100 - VOLUNTARY STOP: Philosophy

Stop the Cold Box for Maintenance or Warm-Up. All Valves are closed one by one except for:

· Adsorbers By-Pass: 324 HV 701 & 702
324 HV 701 & 702 open to maintain flow to the turbines. Turbines will be stopped only when the adsorbers are disconnected to avoid Temperature Rise, while adsorbers connected.
· Adsorber Depressurization Valves: 324 FV X13, and 324 XV 751.

Valves will open following G210 for Adsorbers Depressurization.

Ultimately, all valves will be closed except for 324 XV 050 to Turbines Bearings which remains in its previous position. It will only close if the compressor station is stopped (NO LP or NO HP Compressors).

WARNING: The isolated volumes will warm-up, which can lead to safety valves opening.
G100 - VOLUNTARY STOP: Pre-Requisites

ALL AUTO VALVES MUST BE IN AUTO MODE.
ALL MANUAL VALVES SHALL BE IN THEIR NORMAL POSITION.
G100 - VOLUNTARY STOP: Sequence

	0
	

	
	- G100 LIQUEFIER STOP ORDER by OPERTAOR.

	100
	STOP INITIALIZATION

	
	WARNING: FROM THIS STEP, NO OPERATION IN BAY ALLOWED.

	
	· FROM THIS STEP, NO SFC CAN BE INITIATED
/ SFC in step 0 cannot be started.

EXCEPT G210 - ADSORBERS DEPRESSURIZATION
/ G210 Starts in Step 350.

	
	· EXIT SEQUENCES:
/ Reset SFC, Go To Step 0
· G200 - LIQUEFIER PRESSURIZATION
· G300 - LIQUEFIER COOL-DOWN ( FEED FROM PSA is STOPPED [322 PV 196A]
· G301 - STORAGES CONNECTION

· G7X2 - ADSORBERS CONNECTION: 710, 720, 730, 740 
[X=1,2,3,4]

· G70X - ADSORBERS GENERAL 20K & 80K:
[X=1,2]

· G810 - VAPOR RETURN LINE - WARM
· G820 - VAPOR RETURN LINE - COLD

Note: Only the following sequences remain active:

· G3X0: Turbines Sequences: 1&2, 3, 4, 5, 6 
[X=1,3,4,5,6]
· G7X1: Absorbers: Regeneration
[X=1,2,3,4]
· G210 - Adsorbers: 20K, 80K, Depressurization 
· G301 - LHe Storages Connection
· G900 - Vacuum

	(200
	
	- 1


	200
	STOP PRODUCTION:  PSA,  BAY,  TURBINES  T 5  &  T 6

	
	· STOP TURBINE 6
/ Turbine 6 Stopped

	(210
	
	· TURBINE 6 STOPPED

	210
	· CLOSE 324 TV 615 WITH RAMP 0.2%/Sec
/ Turbine 6 By-Pass

· CLOSE 325 HV 495
/ Loading Line Cooling.
· CLOSE 324 HV 804 WITH RAMP 2.0%/Sec
/ Cold End Valve to Atm Heater
· CLOSE 324 HV 810, 811, 812, 813, 814
/ Vapor Return Line is Isolated [810]
· CLOSE 324 HV 821, 824
/ Vapor Return Line is Isolated [820]

	(220
	
	· 324 TV 615 
CLOSED

· 325 HV 495
CLOSED
· 325 HV 804
CLOSED

· 324 HV 810, 811, 812, 813, 814
CLOSED
· 324 HV 821, 824 
CLOSED

	220
	· STOP G350 - TURBINE 5


	(300
	AND
	- TURBINE 5 STOPPED

	
	
	- G711 – ADSORBER 710 REGENERATION Step 0

- G721 – ADSORBER 720 REGENERATION Step 0

- G731 – ADSORBER 730 REGENERATION Step 0

- G741 – ADSORBER 740 REGENERATION Step 0

	300
	STOP: ADSORBER REGENERATION CIRCUIT

	
	· STOP 324 K 001M
/ Regeneration Blower
· CLOSE 324 XV 750, 759
/ Blower Valves

· CLOSE 324 FV 713, 723, 733, 743
/ Regeneration Valves

· CLOSE 324 XV 714, 724, 734, 744
/ Regeneration Valves

· CLOSE 324 XV 752, 753, 754
/ Regeneration Valves
· OPEN 324 XV 751
/ To Atmosphere

	(310
	- AND
	· 324 K 001 
STOPPED
/ Regeneration Blower
· 324 FV 713, 723, 733, 743 
CLOSED
/ Regeneration Valves

· 324 XV 714, 724, 734, 744 
CLOSED
/ Regeneration Valves

· 324 XV 750, 759 
CLOSED
/ Blower Valves

· 324 XV 752, 753, 754
CLOSED
/ Regeneration Valves

· 324 XV 751 
OPEN
/ To Atmosphere


	310
	STOP: ADSORBERS 20K

	
	· OPEN 324 HV 702 WITH RAMP 2.0%/Sec
/ Adsorber 20K By-Pass.
Note: To maintain the flow to XT 4 and 5, Ads. 20K By-Pass is open prior to isolation of the adsorbers.

	(320
	
	- 324 HV 702 OPEN @ 100%
/ Adsorber 20K By-Pass.

	320
	· CLOSE 324 HV 730, 739, 740, 749 WITH RAMP 2.0%/Sec
/ Adsorber 20K Valves In & Out

	(330
	
	· 324 HV 730, 739, 740, 749 CLOSED
/ Adsorber 20K Valves In & Out

	330
	STOP: ADSORBERS 80K

	
	· OPEN 324 HV 701 WITH RAMP 2.0%/Sec
/ Adsorber 80K By-Pass.
Note: To maintain the flow to XT 4 and 5, Ads. 20K By-Pass is open prior to isolation of the adsorbers.

	(340
	
	- 324 HV 701 OPEN @ 100%
/ Adsorber 80K By-Pass.

	340
	· CLOSE 324 HV 710, 719, 720, 729 WITH RAMP 2.0%/Sec
/ Adsorber 80K Valves In & Out

	(350
	
	· 324 HV 710, 719, 720, 729 CLOSED
/ Adsorber 80K Valves In & Out

	350
	· START G210 - ADSORBER DEPRESSURIZATION
/ Adsorbers Depressurization

	(400
	
	· 1

	400
	LHe STORAGE DECONNECTION

	
	· EXIT G301 – LHe STORAGES CONNECTION

· STOP 324 PC 029
/ JT Valves Control
· CLOSE: 
325 PV 101, 201, 301, 401 
WITH RAMP 1.0%/Sec
/ JT Valves

· CLOSE: 
324 HV 803
WITH RAMP 1.0%/Sec
/ Cold End By-Pass

	(410
	- AND
	· 325 PV 101, 201, 301, 401 
CLOSED

· 324 HV 803 
CLOSED


	410
	· CLOSE 324 PV 049 WITH RAMP 1.0%/Sec
/ LHe Storages Vapor Return

· CLOSE 324 PV 809 WITH RAMP 1.0%/Sec
/ LHe Storages to Gas Bag
· CLOSE 325 HV 805 WITH RAMP 1.0%/Sec
/ Cold End By-Pass (Bay)

	(500
	- AND
	· 325 PV 049
CLOSED
· 325 PV 809
CLOSED
· 325 HV 805
CLOSED

	500
	STOP: TURBINES

	
	· STOP G340 - TURBINE 4


	(510
	
	- TURBINE 4 STOPPED

	510
	· STOP G330 - TURBINE 3


	(520
	
	- TURBINE 3 STOPPED

	520
	· STOP G310 - TURBINES 1&2


	(600
	
	- TURBINES 1&2 STOPPED


	600
	ISOLATION

	
	· 

	(610
	
	- 1

	610
	· CLOSE 324 XV 010 A and B
/ HP To T1 & T2

· CLOSE 324 XV 020 A and B
/ HP To T3, T4, T5, T6

· CLOSE 324 XV 030 A and B
/ MP From T1&2, 3, 4

	(620
	- AND
	· 324 XV 010 A and B
CLOSED
/ HP To T1 & T2

· 324 XV 020 A and B
CLOSED
/ HP To T3, T4, T5, T6

· 324 XV 030 A and B
CLOSED
/ MP From T1&2, 3, 4

	620
	· 

	(630
	
	· 1

	630
	· CLOSE 324 XV 040 A and B
/ From T5 & LHe Storages

· CLOSE 324 HV 701 WITH RAMP 2.0%/Sec
/ 80K Adsorbers By-Pass

· CLOSE 324 HV 702 WITH RAMP 2.0%/Sec
/ 20K Adsorbers By-Pass

	(640
	- AND
	· 324 XV 040 A and B 
CLOSED
· 324 HV 701 and 702
CLOSED

	640
	· EXIT: G210 – ADSORBERS DEPRESSURIZATION
· CLOSE 324 FV 713, 723, 733, 743
/ Regeneration Valves

· CLOSE 324 XV 751
/ To Atmosphere

	(700
	- AND
	· 324 FV 713, 723, 733, 743 
CLOSED
/ Regeneration Valves

· 324 XV 751 
CLOSED
/ To Atmosphere

	700
	FINALIZATION

	
	· LIQUEFIER STOP: NOMINAL STEP
Note: At this step, ALL 324 & 325 VALVES CLOSED:


- Exception:  324 XV 050 * which remains in previous position.

- Exception:  324 XY 124, 224, 324, 424, 524, 624: Turbines Bearing Discharge: not affected.

- Exception:  Vacuum Valves: remains in their previous position: 324 XV 950, 955, 957, 959.

	(0
	
	· G200 - PRESSURIZATION REQUEST


Note *: 324 XV 050 will close if the compressor station is stopped (i.e. NO LP OR NO HP Compressors Running). Otherwise, 324 XV 050 remains open to provide gas to the turbine bearing for safer operation.
7  LIQUEFIER: TRIP

G000 - TRIP: Philosophy

ALL CB VALVES TO FAILURE POSITION EXCEPT 324 XV 050 TO TURBINE GAS BEARING:
- 324 XV 050:
If WCS is ON, 324 XV 050 remains in its previous position to maintain bearing flow.


If WCS is OFF, 324 XV 050 closes. The bearing capacity allow safe turbines stop.

- 324 XY X24:
Turbine Bearing Vent Valves: Not Affected by the Liquefier Trip.

NB: the isolated volumes will warm-up, which can lead to safety valves opening.
G000 - TRIP:
	0
	Note: The trip is not coded as a Sequence.

	(100
	
	· TRIP CONDITIONS: Ref. C1192 NT 117 – He2-V-007-A-014: Liquefier Alarms & Trips.

	100
	LIQUEFIER

	
	· RESET: 
ALL SEQUENCES

/ Exit all sequences

· TRIP : 
ALL TURBINES

/ 324 XT 001, 2, 3, 4, 5, 6

· TRIP : 
324 KM 001 - BLOWER

/ 324 K 001
· TRIP : 
324 PM 003 - PURGE GROUP
/ 323 P 003
· TRIP : 
ALL VALVES 324 & 325
Note: After a Trip RESET, all valves shall remain closed: AUTO and MANU ORDER set to CLOSE.

	
	EXCEPTION: TURBINES BEARINGS

	
	Note: All valves of Units 324 & 325 are closed except the turbine gas bearing valves:
- 324 XV 050 which will remain open to maintain the static gas bearing flow. However, if the compressor station is stopped, 324 XV 050 closes and the Turbine Bearing Capacity 324 V 005 will provide gas to bearing for safe turbine stop.

· CLOSE 324 XV 050: (NOTE: The conditions below also trip the liquefier Ref. NT 117)

- IF COMPRESSOR STATION OFF (NO LP OR NO HP COMP ON)
/ Feed Bearing Valve.

- IF 324 TT 806 HH OR 324 AT 809 HH

/ Comp. Out Conditions
- 324 XY 124, 224, 324, 424, 524 and 624, Bearings Discharge Valves, will maintain the static gas bearing flow, by venting the Bearing Flow to atmosphere if required (i.e. 324 PAHH X14: High Bearing Discharge Pressure is detected and Turbine is rotating).
· 324 XY 124, 224, 324, 424, 524, 624: NOT AFFECTED BY TRIP
/ Vent Bearing Valve.

	
	EXCEPTION: VACUUM

	
	· G900 – VACUUM:

NOT AFFECTED BY LIQUEFIER TRIP
· VALVES: 
324 XV 950, 955, 957, 959
NOT AFFECTED BY LIQUEFIER TRIP
· PUMPS: 
324 P 001, 002
NOT AFFECTED BY LIQUEFIER TRIP

	(0
	
	· TRIP CONDITIONS DISAPPEARED & ACKNOWLEDGE.


G000 - TRIP: Display

The following conditions will cause a Liquefier Trip:
· ESD
(Emergency Shut Down)

· Utility Loss
(Air, Water Electricity)
· Compressor Station Loss 
(Loss of LP OR HP Compressors)

· Compressor Station Moisture High
(323 AT 809 HH)

· Compressor Station Temperature High
(323 TT 806 HH)

· MP Helium Outlet Temperature Low 
(324 TT 030 LL & 324 XV 030 A Open)

· LP Helium Outlet Temperature Low 
(324 TT 040 LL & 324 XV 040 A Open)

· MP Pressure High
(324 PT 030 HH & 324 XV 030 A Open)
· LP Pressure High
(324 PT 040 HH & 324 XV 040 A Open)
Note: Refer to C1192 NT 117 for Details.
A dedicated display will allow verifying that the Liquefier is ready for Operation:
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8 LIQUEFIER: TURBINES

TURBINES: GENERAL
The Turbines 1, 2, 3, 4, 5 provide cooling power to pre-cool the Helium before final Expansion through Turbine 6. For optimal pre-cooling, the Turbines 1, 2, 3, 4, 5 controls the liquefier Temperature profile. Turbine 6 controls the production rate.
TURBINES 1, 2, 3, 4, 5:
Pre-Cooling & Liquefier Temperature Profile
· Their speed is controlled by their inlet valves.

· Their speed is adapted to maintain a constant discharge temperature.

TURBINES 6:
Production Rate
· Speed will be kept to its nominal value to maximize production.

· However, T6 will be slow down by controllers, if the production is such that:

· Adsorber Temperature [20K & 80K] cannot be kept.

· Surge Drum pressure falls (excess of Liquefaction Capacity)

TURBINES STATUS:
RUNNING / NOT RUNNING
· TURBINE RUNNING = 

“SEQUENCE NOT IN STEP 0”

OR 
“INLET VALVE NOT CLOSED” 
(No ZSL)

OR “ INLET VALVE EV OPEN” 
(Discharge EV Open)
Note: Turbine Alarm will only be active when TURBINE RUNNING. Ref. C1192 NT 117.
TURBINES: GENERAL PFD
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8.1 TURBINES: Theoretical Wheel Inlet Pressure

The Turbine Inlet Wheel pressure is the pressure at the entrance and at the back of the wheel: 
· It applies to the back of the turbine wheel, and creates a Thrust force:
· It usually increases when contaminants accumulate on the blades:
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The Turbine Inlet Wheel Theoretical Value is calculated and compared to the Measured Value. When the difference between the measurement and the theoretical value becomes too large, an alarm alert the operator, and eventually a trip will protect the turbine.

324 PT X15 Theoretical = [C36 * 324 PT X19 * ( 324 PT X12 / 324 PTX 19) ^ C39] + C37

Note:  “324 PT X15 Theory” is indicated on the Turbine Mimics next to the measured value. The constants C36, C37 and C39 shall be easily accessible.

	
	324 XT 001
	324 XT 002
	324 XT 003
	324 XT 004
	324 XT 005
	324 XT 006

	C36
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0

	C37
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	C39
	0.44
	0.45
	0.51
	0.51
	0.53
	0.53


Note: On the Screens, 324 PY X15 will indicate the difference in % between the actual and the theoretical value:
324 PY X15 [%] = ( 324 PT X15 Actual - 324 PT X15 Theoretical ) / 324 PT X15 Theoretical
8.2 TURBINES: Mass Flow Rate
The Flow Rate of each Turbine is calculated based on its Geometrical Characteristics:

The flow is Proportional:

· to the cross section of the turbine nozzle

· to the speed of sound i.e. to 
√ T
· to the gas density, i.e. to 
P / T
Consequently for a given turbine: 324 FI X10  =  α 324 XT 00X  .  324 PT X12  /  324 TT X10 ^ 0.5
Note: For each Turbine the Flow rate is displayed on the DCS. When the Turbine inlet valve is closed, the flow displayed is 0.
	
	324 XT 001
	324 XT 002
	324 XT 003
	324 XT 004
	324 XT 005
	324 XT 006

	Α [g/s]
	910.8
	1085.7
	366.2
	276.2
	99.3
	77.0


The Following are the Nominal Values for Turbines 1 to 6:

	 
	324 XT 001
	324 XT 002
	324 XT 003
	324 XT 004
	324 XT 005
	324 XT 006

	C36
	1
	1
	1
	1
	1
	1

	C37
	0
	0
	0
	0
	0
	0

	C39
	0.44
	0.45
	0.51
	0.51
	0.53
	0.53

	Αlpha
	910.8
	1085.7
	366.2
	276.2
	99.3
	77.0

	
	
	
	
	
	
	

	TI 110
	235.0 K
	128.0 K
	65.8 K
	28.6 K
	19.7 K
	7.4 K

	TI 119
	205.2 K
	99.0 K
	44.3 K
	19.1 K
	8.9 K
	5.5 K

	PI 112
	20.0 Bara
	12.5 Bara
	19.7 Bara
	19.6 Bara
	19.4 Bara
	19.4 Bara

	PI 115
	15.5 Bara
	7.5 Bara
	10.1 Bara
	10.0 Bara
	5.3 Bara
	8.1 Bara

	PI 119
	12.7 Bara
	5.0 Bara
	5.0 Bara
	5.0 Bara
	1.2 Bara
	3.0 Bara

	
	
	
	
	
	
	

	In Wheel P Th
	15.5 Bara
	7.5 Bara
	10.1 Bara
	10.0 Bara
	10.2 Bara
	8.1 Bara

	Ratio
	0%
	0%
	0%
	0%
	0%
	0%

	Flow
	1188 g/s
	1195 g/s
	889 g/s
	1012 g/s
	434 g/s
	549 g/s


8.3 TURBINES: Alarms & Trips
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
Note: Thresholds for trips and alarms are given in C1192 NT 117.
The values given in the present chapter are approximate values.

Note: A stands for ALARM, D stands for DEFAULT (i.e TURBINE TRIP)

8.3.1 Alarms & Trips: Turbine Speed

The Alarms and Trips related to Turbine Speed are not active as long as the Turbine is not in operation.

	
	SENSOR
	XT 001&2
	XT 003
	XT 004
	XT 005
	XT 006

	Turbine Speed LOW
	324 ST X10
	L
	A
	< 50Hz * & 324 SV X10 > 10% * & 3 sec *

	
	
	LL
	D
	< 50Hz * & 324 SV X10 > 10% * & 10 sec *

	
	Note: This can indicate that:

· The turbine is broken

· The turbine is stuck on its bearings

· The turbine valve does not open correctly

	Turbine Speed HIGH
	324 ST X10
	H
	A
	> Nominal Speed + 4%

/ Indicative value *

	
	
	HH
	D
	> Nominal Speed + 7%

/ Indicative value *

	Turbine Speed CRITIC
	324 ST X10
	HCS
	A
	CS - < ST < CS +
& Timer 20sec.
 *

	
	
	HHCS
	D
	CS - < ST < CS +
& Timer 180sec.*


Note: Speed for Trip & Alarm are entered in Hz in the DCS.
	CONSTANTS
	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%


Note: When in the critical zone, the turbine will enter its first (or second) mode. This will result in vibration and in potential damages if the turbine operates in this region for an extended period of time. The turbine flexible mode is above the maximum speed. Use Values in Hz for Alarm Programming, % are given for information only.
8.3.2 Alarms & Trips: Turbine Bearing Pressure Head

The Value 324 PDI X00 is the differential pressure between the Bearings FEED and RETURN Gas. This pressure shall sufficient to maintain the bearing stiffness and to ensure safe operation. The pressure is directly supplied by the compressor station, and a capacity holds sufficient helium to ensure safe landing in case of a compressor station trip.
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	SENSOR
	XT 001&2
	XT 003
	XT 004
	XT 005
	XT 006

	Turbine Bearing P
	324 PDI X00
	L
	A
	16.5 Bara *
	12.5 Bara *
	9.5 Bara *

	
	
	LL
	D
	16.1 Bara *
	12.0 Bara *
	9.0 Bara *


Note *: Ref. C1192 NT 117 / He2-V007-A-014 Interlocks List: If the Turbine Bearing Pressure Head is very low (324 PDI X00 LL) and if the Turbine Speed is above ~50Hz, the EV: 324 XV X24 will open to depressurize the Bearing return line. 324 XV X24 will close once the turbine rotation is below ~50Hz. [INTERLOCK]
8.3.3 Alarms & Trips: Turbine Bearing Return Temperature
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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If the labyrinth seal becomes significant (wrong adjustment or failure of the pressure regulator), the bearing return temperature will get low. This will impact the bearing and labyrinth temperature, and can eventually result in thermal contraction of the bearings. Clearances being small, contact between rotating and fixed part can occur resulting in turbine failure.
	
	SENSOR
	XT 001&2
	XT 003
	XT 004
	XT 005
	XT 006

	Turbine Bearing T
	324 TT X14
	L
	A
	< 0°C

	
	
	LL
	D
	< - 3°C


8.3.4 Alarms & Trips: Turbine Discharge Pressure

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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The turbine Discharge Pressure and the Discharge Pressure Variation (i.e. dP/dt) are monitored:
	
	SENSOR
	XT 001
	XT 002
	XT 003
	XT 004
	XT 005
	XT 006

	Turb. Discharge P
	324 PT X19
	LL
	D
	< 3.50 Bara
	< 3.50 Bara
	-
	Note

	
	
	L
	A
	< 3.75 Bara
	< 3.75 Bara
	-
	Note

	
	
	H
	A
	> 13.65 Bara
	> 5.50 Bara
	> 1.5 Bara
	> 5 Bara

	
	
	HH
	D
	> 14.27 Bara
	> 5.75 Bara
	> 1.8 Bara
	> 6 Bara

	Variation
	dPT X19 / dt
	HH
	D
	 >0.2 Bar / sec (Absolute Value)


Note (1): 324 XT 006 Discharge conditions are normally supercritical: Temperature above 5.2 K (Typic: 5.5 Bara) and the pressure is normally above 2.3 Bara (Typic: 3.0 Bara). However, if the pressure is close to the Critical point, the pressure shall be maintained above the critical point in order to avoid biphasic flow:
	
	SENSOR
	XT 006

	Turb Discharge P
	324 PT 619
	L
	A
	- AND
	· 324 PT 619 < 2.6 Bara 
*

· 324 TT 619 < 7.0 K 
*

	
	
	LL
	D
	- AND
	· 324 PT 619 < 2.4 Bara 
*

· 324 TT 619 < 7.0 K 
*


8.3.5 Alarms & Trips: Turbine Discharge Temperature

The Discharge Temperature of the Turbine is monitored. Low Temperature will primarily result in high flow in the Turbine, which can affect the compressor station stability. Eventually, the Temperature can decrease below the critical Temperature, resulting in biphasic flow, which can result in a turbine failure.
	
	SENSOR
	XT 001 
	XT 002
	XT 003
	XT 004
	XT 005
	XT 006

	Turb Discharge T
	324 TT X19
	L
	A
	NA
	< 80K
	< 35K
	< 15K
	< 7.5K *
	NA

	
	
	LL
	D
	NA
	NA
	NA
	NA
	< 6.0K *
	Note (1)


Note: Biphasic is only feared in 324 XT 005 and XT 006.
Note (1): 324 XT 006 discharge pressure normally operate above 2.3 Bara (Critical Pressure). Consequently, no biphasic flow is expected, unless the pressure control goes wrong. In the event where the discharge pressure cannot be maintained and the temperature is close to the critical point (5.2 K), 324 XT 006 will trip on Low Pressure. Ref. Turbine Discharge Pressure.
8.3.6 Alarms & Trips: Turbine Brake Pressure vs Discharge Pressure
As depicted for the discharge (back) pressure, the brake pressure has a direct impact on the turbine axial loads. 
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The Turbine Discharge Pressure and the Turbine Brake Pressure having opposed actions, the difference is monitored:
	
	SENSOR
	XT 001 
	XT 002
	XT 003
	XT 004
	XT 005
	XT 006

	Turbine Axial Load
	324 PDT X11
	LL
	D
	-0.86 Bar
	6.68 Bar
	5.01 Bar
	3.35 Bar
	5.38 Bar
	6.08 Bar

	
	
	L
	A
	-0.51 Bar
	7.03 Bar
	5.31 Bar
	3.60 Bar
	5.58 Bar
	6.35 Bar

	
	
	H
	A
	4.04 Bar
	11.58 Bar
	9.21 Bar
	6.85 Bar
	8.18 Bar
	9.93 Bar

	
	
	HH
	D
	4.39 Bar
	11.93 Bar
	9.51 Bar
	7.10 Bar
	8.38 Bar
	10.20 Bar


Note: 324 PDI 111 is calculated as follows: 324 PDI 111 = 324 PT 111 – 324 PI 119
8.3.7 Alarms & Trips: Turbine Brake Temperature

The Power extracted by the Turbine wheel is evacuated by the Brake wheel, which circulates helium gas in close loop. The compression heat is removed by a water cooled heat exchanger. If the cooling power is not sufficient, the helium in the brake circuit will increase. At high temperature (above 100°C) the aluminum mechanical characteristics are decreasing, which can lead to turbine damages.

	
	SENSOR
	XT 001 
	XT 002
	XT 003
	XT 004
	XT 005
	XT 006

	Turbine Brake Temp
	324 TT X11
	H
	A
	> 100°C *

	
	
	HH
	D
	> 110°C *


Note: This alarm is not related to water boiling point.
8.3.8 Alarms & Trips: Turbine Inlet Wheel Pressure

As depicted, the pressure on both side of the wheel (Discharge Pressure and Inlet Wheel Pressure) have a strong impact on the Turbine axial loads. A high inlet wheel pressure can result in a turbine damage.
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The Turbine Wheel Inlet Pressure tends to increase when the turbine is clogged by impurities, and this can be detected by comparing the actual pressure with the theoretical pressure (ref. to dedicated chapter).
324 PY X15 = ( 324 PT X15 Theoretical – 324 PT X15 Actual) / 324 PT X15 Theoretical
	
	SENSOR
	XT 001&2
	XT 003
	XT 004
	XT 005
	XT 006

	Turbine Wheel Inlet P
	324 PY X15
	H
	A
	> 10 % *
	> 15 % *

	
	
	HH
	D
	> 20 % *
	> 25 % *


Note: This alarm will mainly appear when the turbine inlet wheel is clogged by impurities accumulating on the blades. This is likely to happen over time (extended period of operation), or if dirty gas is injected in the cycle, or after a trip, during a re-start, when the impurities are released by heat exchangers and adsorbers (warm-up during down time results in impurity release).

8.4 TURBINES: Control Loops

The Turbine is controlled by 2 controllers in cascade aiming at controlling the turbine discharge temperature:

· 324 TC X19 controls the turbine discharge temperature by adjusting the turbine speed set point.

· 324 SC X10 controls the turbine speed by adjusting the turbine inlet valve.

The turbine speed is adjusted in order to control the turbine discharge temperature.

In addition, ATTENUATORS will slow down the turbine before it reaches OFF-DESIGN or UNSAFE conditions. Ref. Chapter TURBINES: Attenuators.
8.4.1 324 SIC X10: Turbines 1&2, 3, 4, 5, 6 Speed

NOTE: T1 & T2 are operated in series and a single control loop is used: 324 SC 110:

· The control loop controls the speed of the fastest turbine.

· The turbine speed set point is adjusted to control the discharge temperature of T2.

NOTE:
- Turbine Speed are given in % of the Nominal Speed. 

- Computation of 324 SC X10 Set Point is given in the Turbine Speed Chapter.
· 324 SIC X10: Turbines 1&2 Speeds
	324 SC 110
	Object :
	Turbine 1&2 Speed 

	
	Actuator :
	324 SV 110

	
	Process Value:
	MAX: 

324 ST 110 / NOMINAL SPEED T1
[%]

324 ST 210 / NOMINAL SPEED T2
[%]

	
	Set Point :
	X % Refer to Chapter TURBINE SPEED SET POINT

	
	Action :
	Indirect


· 324 SIC X10: Turbines 3, 4, 5, 6 Speeds
	324 SC X10
	Object :
	Turbine X Speed

	
	Actuator :
	324 SV 610

	
	Process Value:
	324 ST X10 / NOMINAL SPEED TX
[%]

	
	Set Point :
	X % Refer to Chapter TURBINE SPEED SET POINT

	
	Action :
	Indirect


8.4.2 324 TIC X19: Turbines 2, 3, 4, 5 Discharge Temperature

NOTE: T1&2 only T2 discharge temperature is controlled, no controller on 324 TT 119.

NOTE: T6 discharge temperature fluctuations are minimal, and T6 set point is calculated as follows:

· Using 324 ATT T 701 maintaining the 80K Adsorbers Temperature

· Using 324 ATT T 702 maintaining the 20K Adsorbers Temperature

( No Discharge Temperature Control on T6.

	324 TC X19
	Object :
	Turbine X Discharge Temperature 

	
	Actuator :
	PID % For TX Speed Set point Calculation

	
	Process Value :
	324 TT X19

	
	Set Point :
	TC 219
	TC 319
	TC 419
	TC 519

	
	
	90 K*
	40 K*
	18 K*
	8 K*

	
	Design Value:
	100 K*
	45 K*
	20 K*
	9 K*

	
	Action :
	Indirect


* Indicative Values: Accessible from DCS.
Refer: Chapter Turbines Speed Set Point.
Remarks: The Set Points [K] of 324 TC X19 are lower than the design temperature of the Turbines, in order to maximize the turbines throughput, and the Liquefier capacity. Nevertheless, this will also allow turn down operation, within acceptable temperatures for all turbines and adsorbers.

8.4.3 324 SC XXX: Turbines 1, 2, 3, 4, 5 Cascade Control Loops

The Turbines 1&2, 3, 4 and 5 are controlled using two control loops in cascade:
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NOTE: WHILE STARTING CONTROL LOOPS IN CASCADE:
Starting the Control Loops shall be performed smoothly, using Tracking, i.e:
1. When the SPEED Control Loops is started:

a. The CV (Control Value or Output), is equal to the SPEED valve (SV) position. (no Step)

b. The SP (Set point) is equal to the PV (process value), i.e. the actual Turbine Speed.

When starting the SPEED Control Loop, forcing SP = PV allows smooth transition.

Once the SPEED Control Loop has been started the SP can be changed with a ramp.

2. When the TEMPERATURE Control Loops is started:

a. The CV (Control Value or Output), is modified to match the SPEED Control Loop SP (Set point)
The Program will force: TEMPERATURE Control CV = Actual Speed [%] / π Attenuators.

b. The SP (Set point) is equal to the PV (process value), i.e. the actual Turbine Discharge Temp.

c. - TEMP 
CL SP = Turbine Discharge Temperature
( Error = 0% for smooth start.
- SPEED 
CL SP = Turbine Speed
( Error = 0% for smooth start.
- TEMPERATURE CL CV = SPEED CL SP
( No Step on Set Point.
( No Step on SPEED SP while connecting TEMPERATUR CL Output to SPEED CL SP.

3. Once the SPEED and TEMPERATURE Control Loop has been started:
a. TEMPERATURE Control Loop Set Point can be ramped to desired value.
No step in SPEED Control Valve is expected!
8.5 TURBINES: Speed Attenuators
The Turbines are controlled by a Speed Controller. The Turbine Speed Set Point is computed from different parameters (discharge temperature for T1&2, 3, 4, 5, and Adsorbers temperature for T6). The turbine speed set point can be decreased by the attenuators: SP = Computed SP x π Attenuators.
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ATTENUATORS SHALL BE CONSIDERED AS SAFE GUARDS. (Slow down turbine before Alarms and Trips)

When Turbine parameters approach UNSAFE or OFF-DESIGN conditions, the Turbine Speed Set point is decreased in order to avoid UNSAFE or OFF-DESIGN zones. The following Attenuators are implemented.

ATTENUATORS PARAMETERS ARE AVAILABLE FROM THE DCS FOR PROCESS ADJUSTMENT.
	ATTENUATOR
	SENSORS
	T1 & T2
	T3
	T4
	T5
	T6

	1
	Surge Drum Pressure
	323 PT 812
	
	
	
	
	X (1)
	X (1)

	2
	Load Valve
	323 PV 810 B
	
	
	
	
	X
	X

	3
	Low Pressure
	324 PT 040
	
	
	
	
	LP (1)
	

	
	Medium Pressure
	324 PT 030
	MP
	MP
	MP
	
	

	4
	Discharge Pressure
	324 PT X19
	
	
	
	
	
	X

	5
	Discharge Temperature
	324 TT X19
	
	X
	X
	X
	X (1)
	

	6
	Brake Temperature
	324 TT X11
	X (2)
	X
	X
	X
	X

	7
	80K Ads. Temperature
	324 TT 701
	
	
	
	
	X (1)

	
	20K Ads. Temperature
	324 TT 702
	
	
	
	
	X (1)

	8
	Client Attenuator
	NA
	X
	X
	X
	X
	X


Note (1): In red, IMPORTANT Attenuators.
Note (2): For T1&2 Brake Temperature Attenuator use Max (324 TT 111, 324 TT 211)
8.5.1 Turbine Attenuator: ATT 323 PT 812: Surge Drum Pressure
If the amount of Gas fed to the liquefier is less than the liquefier capacity, gas from the Surge Drum is used to compensate the difference, and the surge drum pressure starts to decrease. Once the surge drum pressure becomes low, the liquefier production rate shall be adapted to the amount of feed gas. Therefore, when 323 PT 812 is low, T5 and T6, which drive the production, are slowed down.
Note: Considering a Density of 0.150 kg/m3 @ 1 atm and 50°C, a fluctuation of 1 Bar in the Buffer Tank is equivalent to a mass of 60 kg, i.e. 5 min of production.
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	TURBINES
	CTRL LOOP
	SENSORS
	Nominal
	P Min [Bara]
	P Max [Bara]
	Att Min [%]

	1
	324 SC 110
	323 PT 812
	
	NA
	NA
	NA

	2
	324 SC 110
	323 PT 812
	
	NA
	NA
	NA

	3
	324 SC 310
	323 PT 812
	
	NA
	NA
	NA

	4
	324 SC 410
	323 PT 812
	
	NA
	NA
	NA

	5
	324 SC 510
	323 PT 812
	3 ~ 18 Bara
	3.0 Bara
	4.0 Bara
	50 %

	6
	324 SC 610
	323 PT 812
	3 ~ 18 Bara
	3.0 Bara
	4.0 Bara
	50 %


8.5.2 Turbine Attenuator: ATT 323 PV 810 B: Load Valve

The production rate is fixed by 324 XT 006, which directly connected to the LHe Storages. When the FEED < PRODUCTION rate, the load valve 323 PV 810 B will open, to load the cycle.

LOAD + FEED will be equal to the production rate to keep the mass inventory in the cycle constant:
( PRODUCTION = LOAD + FEED ~240 g/s
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If the LOAD valve cannot compensate for the lack of FEED (i.e. LOAD + FEED < PRODUCTION), the high pressure of the cycle will decrease. To avoid such situation, the production rate will be decreased, when 
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	TURBINES
	CTRL LOOP
	SENSORS
	Nominal
	Open Min [%]
	Open Max [%]
	Att Min [%]

	1
	324 SC 110
	NA
	NA
	NA
	NA
	NA

	2
	324 SC 110
	NA
	NA
	NA
	NA
	NA

	3
	324 SC 310
	NA
	NA
	NA
	NA
	NA

	4
	324 SC 410
	NA
	NA
	NA
	NA
	NA

	5
	324 SC 510
	323 PV 810 B
	0~75%
	75%
	95%
	50 %

	6
	324 SC 610
	323 PV 810 B
	0~75%
	75%
	95%
	50 %


8.5.3 Turbine Attenuator: ATT 324 PT 0X0: Low & Medium Pressure

When too much gas is returned to the LP, the LP pressure increases (324 PT 040). To avoid compressor overloading, an attenuator slows the turbines connected to the LP, and limits the amount of flow returned by the turbine to the LP.
Note: T5 is the only turbine directly connected to the LP. It accounts for more than 50% of the compressor LP flow. Its impact is on the LP pressure is considerable.

Note: T1&2, T3 and T4 discharges are connected to the MP (324 PT 030). In the same manner, the flow returning from these 4 Turbines will be reduced if 324 PT 030 increases.
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	TURBINES
	CTRL LOOP
	SENSORS
	Nominal
	P Min [Bara]
	P Max [Bara]
	Att Min [%]

	1

2
	324 SC 110
	324 PT 030
	4.90 Bara
	5.10 Bara
	5.50 Bara
	75 %

	3
	324 SC 310
	324 PT 030
	4.90 Bara
	5.10 Bara
	5.50 Bara
	75 %

	4
	324 SC 410
	324 PT 030
	4.90 Bara
	5.10 Bara
	5.50 Bara
	75 %

	5
	324 SC 510
	324 PT 040
	1.05 Bara
	1.07 Bara
	1.17 Bara
	25 %

	6
	324 SC 610
	NA
	NA
	NA
	NA
	NA


8.5.4 Turbine Attenuator: ATT 324 PT X19: Discharge Pressure

When too much gas is processed by the turbine, the discharge pressure increases. To avoid back-pressure on the turbine wheel and / or compressor overloading, on high discharge pressure, an attenuator slows-down the turbines.
Note: T6 Discharge pressure is controlled by the JT Valves 325 PV 101, 201, 301, 401.
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	TURBINES
	CTRL LOOP
	SENSORS
	Nominal
	P Min [Bara]
	P Max [Bara]
	Att Min [%]

	1
	324 SC 110
	324 PT 119
	12.7 Bara
	NA
	NA
	NA

	2
	324 SC 110
	324 PT 219
	5.0 Bara
	NA
	NA
	NA

	3
	324 SC 310
	324 PT 319
	5.0 Bara
	NA
	NA
	NA

	4
	324 SC 410
	324 PT 419
	5.0 Bara
	NA
	NA
	NA

	5
	324 SC 510
	324 PT 519
	1.2 Bara
	NA
	NA
	NA

	6
	324 SC 610
	324 PT 619
	3.00 Bara
	3.5 Bara
	4.5 Bara
	25 %


8.5.5 Turbine Attenuator: ATT 324 TT X19: Discharge Temperature
The Turbine Speed set Point is adjusted in order to control the turbine discharge temperature. However, these control loops are slow to allow smooth operation of the liquefier and are not adapted to fast process changes. Therefore, if despite of the temperature control, the turbine discharge temperature decreases too significantly, an attenuator decreases the turbine Speed Set Point.
Note: T6 discharge temperature is not controlled, and does not affect the process. No Discharge Temperature Attenuator on T6.
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	TURBINES
	CTRL LOOP
	SENSORS
	Nominal [K]
	T Max [K]
	T Min [K]
	Att Min [%]

	1
	324 SC 110
	324 TT 219
	100 K
	80 K
	70 K
	50 %

	2
	
	
	
	
	
	

	3
	324 SC 310
	324 TT 319
	45 K
	35 K
	25 K
	50 %

	4
	324 SC 410
	324 TT 419
	20 K
	15 K
	10 K
	50 %

	5
	324 SC 510
	324 TT 519
	9 K
	7 K
	6 K
	50 %

	6
	324 SC 610
	N/A
	5 K
	N/A
	N/A
	N/A


8.5.6 Turbine Attenuator: ATT 324 TT X11: Brake Temperature
If the Turbine Power is high the gas on the Brake side of the turbine might warm-up. While the temperature of the gas on the brake side increases, the mechanical properties of the Aluminum decreases. To avoid brake wheel damages, the turbine is slow-down, when the brake temperature is high.
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	TURBINES
	CTRL LOOP
	SENSORS
	Nominal [°C]
	T Min [°C]
	T Max [°C]
	Att Min [%]

	1

2
	324 SC 110
	MAX
	324 TT 111

324 TT 211
	-
	95°C
	105°C
	50 %

	3
	324 SC 310
	324 TT 311
	-
	95°C
	105°C
	50 %

	4
	324 SC 410
	324 TT 411
	-
	95°C
	105°C
	50 %

	5
	324 SC 510
	324 TT 511
	-
	95°C
	105°C
	50 %

	6
	324 SC 610
	324 TT 611
	-
	95°C
	105°C
	50 %


8.5.7 Turbine Attenuator: ATT 324 TT 70X: Adsorbers Temperatures
If the Production rate of the Liquefier is too high, the Liquefier and the adsorbers will warm-up (lack of cold power). To avoid Adsorbers Temperature Increase and release of contaminants in the Process He, the Production Rate is decreased by Slowing T6. Two Attenuators based on the Adsorbers Temperatures 701 and 702, and applying to T6 only, allow reducing the production rate when the Adsorbers Temperatures get high. 
- ADSORBERS 80K: 324 ATT T 701:
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- ADSORBERS 20K: 324 ATT T 702:
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	TURBINES
	CTRL LOOP
	SENSORS
	Nominal [K]
	T Min [K]
	T Max [K]
	Att Min [%]

	1
	324 SC 110
	N/A
	N/A
	N/A
	N/A
	N/A

	2
	
	N/A
	N/A
	N/A
	N/A
	N/A

	3
	324 SC 310
	N/A
	N/A
	N/A
	N/A
	N/A

	4
	324 SC 410
	N/A
	N/A
	N/A
	N/A
	N/A

	5
	324 SC 510
	N/A
	N/A
	N/A
	N/A
	N/A

	6
	324 SC 610
	324 TT 701
	65 K
	75 K
	85 K
	50 %

	
	
	324 TT 702
	19 K
	20 K
	25 K
	50 %


8.5.8 Turbine Attenuator: OPERATOR Attenuator
The Operator Attenuator will allow adjusting the Turbine Speed manually and is directly accessible to the operator to adjust the Liquefier Capacity. A Client Attenuator is available for each turbine.

Note: A single Operator Attenuator is available for T1 & 2.

8.5.9 Turbine Attenuator: OPERATOR Attenuators Window

The attenuators can be observed and modified from a dedicated window.

Note: Non-Applicable Attenuators are blinded (ATT Min & Max are set to 100%).
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Note: The Values in Blue are accessible with Engineer Access.

Note: The Values in Green are accessible with the Operator Access.

Note: The Attenuators with output ≠ 100% are in red.
8.6  TURBINES: Speed Set Points
8.6.1 TURBINE SPEED SET POINT: 324 XT 001 & 002
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	324 XT 001 & 002

	324 TC 219 
CV
T2 Discharge Temperature
	(
	MUTIPLY    (
	MAXI    (
	RAMP 0.5 %/s    (
	SET POINT   (
	324 SC 110

324 XT 001 & 2 Speed Controller

	
	
	
	
	
	
	

	ATT 324 TT 219
T2 Discharge Temperature
	(
	
	
	
	
	

	ATT 324 PT 030
T2 Discharge Pressure
	(
	
	
	
	
	

	ATT 324 TT X11
T1&2 Max Brake Temp 
	(
	
	
	
	
	

	ATT OPERATOR 1&2
0%-100%*
	(
	
	
	
	
	

	
	
	
	
	
	
	

	MINI SET POINT
Mini Speed ~20%*
	(
	
	
	
	

	
	
	
	

	MAXI OUTPUT 
Maxi Turbine Valve Opening ~80%*
	
	(
	


* Indicative Values: Accessible from DCS.
8.6.2 TURBINE SPEED SET POINT: 324 XT 003, 4, 5
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	324 XT 00X: X= 3, 4, 5

	324 TC X19 
CV
TX Discharge Temperature
	(
	MUTIPLY    (
	MAXI    (
	RAMP 0.5 %/s    (
	SET POINT   (
	324 SC X10

324 XT 00X Speed Controller

	
	
	
	
	
	
	

	ATT 323 PT 812
Surge Drum P 
T5 Only*
	(
	
	
	
	
	

	ATT 323 PV 810 B
Load Valve
T5 Only*
	(
	
	
	
	
	

	ATT 324 PT 040
LP Pressure
T5 Only*
	
	
	
	
	
	

	ATT 324 PT 030
LP Pressure
T3, 4 Only*
	(
	
	
	
	
	

	ATT 324 TT X19
TX Discharge Temperature
	(
	
	
	
	
	

	ATT 324 TT X11
TX Brake Temperature
	(
	
	
	
	
	

	ATT OPERATOR TX
0%-100%*
	(
	
	
	
	
	

	
	
	
	
	
	
	

	MINI SET POINT
Mini Speed ~20%*
	(
	
	
	
	

	
	
	
	

	MAXI OUTPUT 
Maxi Turbine Valve Opening ~80%*
	
	(
	


* Indicative Values: Accessible from DCS.
* Apply to T3 and 4 Only.

* Apply to T5 Only.
8.6.3 TURBINE SPEED SET POINT: 324 XT 006
TURBINE 324 XT 006 SPEED SET POINT: Principle
· 324 XT 006 controls the production.
· 324 TV 615 controls the production rate when 324 XT 006 is OFF. (Open only when the Turbine 6 is OFF)

It is important to finely control this flow for the following reasons:
· Poor Production:

Bad tuning would result in poor efficiency and accumulation of Gas in the Helium Buffer Tank (Surge Drum).

· Over Production: 323 ATT P 812
In turn down operation if the Liquefaction rate is higher than the Feed flow rate, the Helium Buffer Tank (Surge Drum) will be quickly consumed, leaving no Gas for the Liquefier Pressure Control.

· Poor Purification: 323 ATT T 701 and 702
A higher flow through T6 or its by-pass will result in a higher temperature in Cold Box. To maintain the Adsorbers (20K & 80K) Level, this flow shall be adjusted.
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TURBINE 324 XT 006 SPEED SET POINT: Computation
	324 XT 610

	324 ATT T 701
80K Adsorber Temp.
	(
	MUTIPLY    (
	MAXI   (
	RAMP 0.5%/s    (
	SET POINT   (
	324 SC 610

324 XT 006 Speed Controller

	324 ATT T 702
20K Adsorber Temp.
	(
	
	
	
	
	

	
	
	
	
	
	
	

	ATT 323 PT 812
Surge Drum P
	(
	
	
	
	
	

	ATT 323 PV 810 B
Load Valve
	(
	
	
	
	
	

	ATT 324 PT 619
T6 Discharge Pressure
	(
	
	
	
	
	

	ATT 324 TT 611
T6 Brake Temp
	(
	
	
	
	
	

	ATT OPERATOR T6
0%-100%*
	(
	
	
	
	
	

	
	
	
	
	
	
	

	MINI SET POINT
Mini Speed ~20%*
	(
	
	
	
	

	
	
	
	

	MAXI OUTPUT 
Maxi Turbine Valve Opening ~80%*
	
	(
	


* Indicative Values: Accessible from DCS.

Note: All Parameters are accessible from a dedicated window.
TURBINE 324 XT 006 By-Pass: 324 TV 615
While The Liquefier is in operation and when 324 XT 006 is OFF, the Turbine By-Pass while control the production rate, using attenuators, and making sure that the surge drum pressure and the adsorbers temperature are good.
324 TV 615 is a 1’’ =% Control Valve with a Max CV of 4.4. Ref. C1192 DS 109.

It drives the Liquefier production rate when T6 is OFF

In nominal Operating Conditions, i.e. 7.5K, 19.5 Bara:
· Opening: 15% 
( 20g/s
To avoid No Flow, Mini opening applies

· Opening: 50% 
( 80g/s


· Opening: 85% 
( 540g/s = T6 Flow 
To avoid Over Flow, Maxi opening applies
	324 TV 615

	324 ATT T 701
80K Adsorber Temp.
	(
	MUTIPLY    (
	RAMP 0.2%/s   (
	OPENING   (
	324 TV 615

324 XT 006 By-Pass

	324 ATT T 702
20K Adsorber Temp.
	(
	
	
	
	

	
	
	
	
	
	

	ATT 323 PT 812
Surge Drum P
	(
	
	
	
	

	ATT 323 PV 810 B
Load Valve
	(
	
	
	
	

	ATT OPERATOR T6
0%-100%*
	(
	
	
	
	

	
	
	
	
	
	

	MAXI 
OPENING 
~85%*
	(
	
	
	
	

	
	
	(
	

	MINI 
OPENING 
324 TV 615 Opening ~15%*
	
	(
	


* Indicative Values: Accessible from DCS.
Note: All Parameters are accessible from a dedicated window.
8.7 TURBINES: Ready to Start

To start-up the turbine the following conditions shall be respected:

	
	Sensor
	XT 001&2
	XT 003
	XT 004
	XT 005
	XT 006

	DISCHARGE P:
	324 PT X19
	PT219 ONLY

> 4.0 Bara*
< 5.5 Bara*
	> 4.0 Bara* 
< 5.5 Bara*
	> 4.0 Bara*
< 5.5 Bara*
	< 1.4 Bara *
	< 4 Bara *

	BEARING P: HEAD
	324 PDI X00
	> 17 Bar *
	> 13 Bar *
	> 10 Bar *
*
	> 10 Bar *
	> 10 Bar *

	BEARING T: OUTLET
	324 TT X14
	> 0°C *
	> 0°C *
	> 0°C *
*
	> 0°C *
	> 0°C *

	BRAKE P:
	324 PDT X11
	NO ALARMS

	TURBINES VALVES
	-
	324 MV 119
324 MV 210
324 MV 219

OPEN
	324 MV 319
OPEN
	324 MV 419
OPEN
	324 MV 519

OPEN
	N/A

	LIQUEFIER VALVES
	-
	324 XV 010A ,020A, 030A, 040A, 050 OPEN

	UNIT 323
	-
	N/A
	N/A
	N/A
	323 K 001 A & B
	N/A

	G300 STEP*
	G300 - Step
	≥ G300-200
	≥ G300-200
	≥ G300-210
	≥ G300-230
	≥ G300-600


Note*: Refer to Chapter: “Turbines Alarms & Trips” and to C1192 NT 117.
Note**: To start XT 001&2, the Ready to Start Conditions shall be OK for both Turbines XT 001&2.

Note (1): Turbines can only be started when G300 Step for Turbine Start:

- Turbines 1&2, 3 can be started from G300 - Step 200: Pressu completed, and Circulation through 324 HV 803.

- Turbine 4 can be started from G300 - Step 210: 80K Adsorbers Connected

- Turbine 5 can be started from G300 - Step 230: 20K Adsorbers Connected, 2 LP Compressors Shall be ON.
- Turbine 6 can be started from G300 - Step 600: 324 PC 029 in Auto. (Turbine 6 discharge pressure)

Note: For each turbine, a chart will be displayed on the HMI showing the details of the ready to start.
WARNING: For safe Turbine operation, the most important parameter is the bearing conditions. As long as the bearing pressure head conditions are not satisfied, the turbine shall not rotate.
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 G310 - TURBINES SEQUENCE: 324 XT 001 & 002
	0
	· CLOSE 324 SY 110 B
/ Turbines 1&2 Inlet “Trip” Valve
· CLOSE 324 SV 110
/ Turbines 1&2 Inlet Valve

	(100
	- AND
	- G310 - START ORDER by OPERATOR 
/ TURBINES 1&2 START

- TURBINES 1 & 2: READY TO START

	100
	INLET VALVE RAMP

	
	· OPEN 324 SY 110 B
/ Turbine Inlet Valve (trip valve)
· OPEN 324 SV 110 WITH RAMP 0.2%/Sec
/ Turbine Inlet Valve
Turbine Inlet Valve is open slowly. If at 15% Inlet Valve opening, the turbines are not spinning, the sequence is reset and the inlet valve is closed.

	(110
	- OR
	· 324 ST 110 > 300 Hz
· 324 ST 210 > 300 Hz
	( 0
	· 324 SV 110 ≥ 15%: TURBINES 1&2 TRIP.

	110
	FREEZE 324 SV 110: wait while speed stabilizes and turbines cool-down.

	(200
	
	· TIMER 110: 60 sec.
Note: Timer to be adjusted during commissioning to allow satisfactory cool down of the turbine after a trip.

	200
	START TEMPERATURE & SPEED CONTROL LOOP

	
	· RAMP: 
324 TC 219 SET-POINT: ACTUAL PV TO NOMINAL TEMPERATURE @ - 2K / min
· START: 
324 TC 219
/ Temperature Control
· START: 
324 SC 110 WITH RAMP ON OUTPUT @ 1% / Sec.
/ Speed Control
Note: Turbine Speed (SC) SET POINT is Ramped (ALPEMA: -2°C/min), all attenuators apply.

	(300
	
	· END OF RAMP

	300
	NOMINAL

	
	TURBINES 1&2 ARE IN NOMINAL STEP.

	(400
	
	· G310 - STOP REQUEST by DCS or OPERATOR
/ TURBINES 1 & 2

	400
	STOP

	
	· STOP: 324 SC 110
/ Speed Control
· STOP: 324 TC 219
/ Temperature Control
· CLOSE 324 SV 110 WITH RAMP 0.5%/Sec
/ Turbine Inlet Valve
Note: Turbine Inlet Valve is closed slowly.

	(410
	- AND
	· 324 ST 110 < 200 Hz
· 324 ST 210 < 200 Hz

	410
	· CLOSE 324 SY 110 B
/ Turbine Inlet Valve (trip valve)
· CLOSE 324 SV 110
/ Turbine Inlet Valve
· STOP 324 SC 110
/ Speed Control Loop

· STOP 324 TC 219
/ Temperature Control Loop

	(0
	- AND
	· 324 SV 110 
CLOSED
· 324 SY 110 B 
CLOSED


G330 - TURBINES SEQUENCE: 324 XT 003, 4, 5
Note: The following sequence is based on Turbine 3. The same sequence applies to Turbine 4 and 5.

	0
	· CLOSE 324 SY 310 B
/ Turbine 3 Inlet “Trip” Valve
· CLOSE 324 SV 310
/ Turbine 3 Inlet Valve

	(100
	- AND
	- G310 - START ORDER by OPERATOR 
/ TURBINES 1&2 START

- TURBINE: READY TO START

	100
	INLET VALVE RAMP

	
	· OPEN 324 SY 310 B
/ Turbine 3 Inlet “Trip” Valve
· OPEN 324 SV 310 WITH RAMP 0.2%/Sec
/ Turbine Inlet Valve
Turbine Inlet Valve is open slowly. If at 15% Inlet Valve opening, the turbine is not spinning, the sequence is reset and the inlet valve is closed.

	(110
	
	· 324 ST 310 > 300 Hz
	( 0
	· 324 SV 310  ≥  15%

	110
	FREEZE 324 SV 310: WAIT WHILE SPEED STABILIZES AND TURBINE COOL-DOWN

	(200
	
	· TIMER 200:  60s
Note: Timer to be adjusted during commissioning to allow satisfactory cool down of the turbine after a trip.

	200
	START SPEED CONTROL LOOP

	· 
	· RAMP 324 TC 319 SET-POINT: ACTUAL PV TO NOMINAL TEMPERATURE @ - 2K / min

· START: 324 TC 319
/ Temperature Control
· START: 324 SC 310 WITH RAMP ON OUTPUT @ 1% / Sec.
/ Speed Control
Note: Turbine Speed (SC) SET POINT is Ramped (ALPEMA: -2°C/min), all Attenuators apply.

	(300
	
	· END OF RAMP

	300
	NOMINAL

	
	TURBINE 3 IS IN NOMINAL STEP.

	(400
	
	· G330 - STOP REQUEST by DCS or OPERATOR
/ TURBINE 3

	400
	STOP

	
	· STOP: 324 SC 310
/ Speed Control
· STOP: 324 TC 319
/ Temperature Control
· CLOSE 324 SV 310 WITH RAMP 0.2%/Sec
/ Turbine Inlet Valve
Turbine Inlet Valve is closed slowly.

	(410
	AND
	· 324 ST 310 < 200 Hz

	410
	( FROM TRIP
/ TRIP T3 ( GOTO STEP 410
· CLOSE 324 SY 310 B
/ Turbine 3 Inlet “Trip” Valve
· CLOSE 324 SV 310
/ Turbine 3 Inlet Valve
· STOP 324 SC 310 & 324 TC 319
/ T & S Control Loops

	(0
	AND
	· 324 SV 310 
CLOSED
· 324 SY 310 B 
CLOSED


Note: In case of a Turbine Trip go to Step 410.
G360 - TURBINES SEQUENCE: 324 XT 006 & 324 TV 615
Note: The production rate is given by T6 (or T6 By-Pass, when T6 is OFF).
Note: 
324 SC 610 SET POINT calculated from Attenuators.

324 TV 615 OPENING calculated from Attenuators with MINI / MAXI Opening.

	0
	· CLOSE 324 SY 610 B
/ Turbine 6 Inlet “Trip” Valve
· CLOSE 324 SV 610
/ Turbine 6 Inlet Valve
· CLOSE 324 HV 619 WITH RAMP 2.0%/Sec
/ Turbine 6 Discharge Valve

	(100
	- AND
	- G360 - START ORDER by OPERATOR: 
/ TURBINE 6 START
- TURBINE 6 READY TO START: OK

	100
	TURBINE 6 START

	
	· STOP: 
324 TV 615 OPENING COMPUTATION (1)
/ TV615 Opening
· SET: 
324 TV 615 @ 50% WITH RAMP 1.0%/Sec (2)
/ TV 615 is an =% Valve
· OPEN: 
324 HV 619 WITH RAMP 2.0%/Sec
/ T6 Discharge Valves

Note (1): For 324 TV 615 Computation refer to Chapter dedicated to 324 SC 610.

Note (2): at 50% Opening, TV615 flow in nominal condition is 80 g/s (T6 Flow= 540g/s). The Ramp and Opening shall be adjusted during commissioning to avoid up-set in 324 PC 029: Ramp shall be smooth, and 324 XT 006 connection gentle.

	(110
	- AND
	· END OF 324 TV 615 RAMP

· 324 HV 619 OPEN

	110
	· OPEN 324 SY 610 B
/ Turbine Inlet Valve (trip valve)
· OPEN 324 SV 610 WITH RAMP 0.2%/Sec
/ Turbine Inlet Valve
Turbine Inlet Valve is open slowly. If at 15% Inlet Valve opening, the turbine is not spinning, the sequence is reset and the inlet valve is closed.

	(120
	
	· 324 ST 610 > 200 Hz
	( 500
	· 324 SV 610  ≥  15%

	120
	FREEZE 324 SV 610: WAIT WHILE SPEED STABILIZES AND TURBINE COOL-DOWN

	(200
	
	· TIMER 200:  60s
Note: Timer to be adjusted during commissioning to allow satisfactory cool down of the turbine after a trip.


	200
	START SPEED CONTROL LOOP

	
	· CLOSE: 
324 TV 615 WITH RAMP 0.2%/Sec (2)


/ Turbine 6 By-Pass.
· RAMP: 
324 SC 610 SP FROM ACTUAL PV TO CALCULATED SP @ 0.2%/Sec *
· START: 
324 SC 610 WITH RAMP ON OUTPUT @ 1% / Sec.
Note*: The SPEED SET POINT is ramped from the actual speed to the calculated SP. The Calculated SP is calculated from the attenuators. This is depicted in Chapter Turbines: Speed Attenuators & Set Points.

	(300
	- AND
	· END OF 324 SC 610 SP RAMP

· 324 TV 615 CLOSED

	300
	NOMINAL

	
	TURBINE 6 IS IN NOMINAL STEP.

	(400
	
	· G360 - STOP REQUEST by DCS or OPERATOR
/ TURBINE 6

	400
	STOP

	
	· OPEN 324 TV 615 WITH RAMP 0.5%/Sec AT 50% (2)
/ Turbine by-Pass

· CLOSE 324 SV 610 WITH RAMP 0.2%/Sec
/ Turbine Inlet Valve
Turbine Inlet Valve is closed slowly.

	(500
	
	· 324 ST 600 < 200 Hz

	500
	STOP NEXT & TRIP

	
	( FROM TURBINE 6 TRIP
/ TRIP T6 ( GOTO STEP 500
· CLOSE 324 SY 610 B
/ Turbine Inlet Valve (trip valve)
· CLOSE 324 SV 610
/ Turbine Inlet Valve
· SET 324 TV 615 @ 50% NO RAMP
/ Eq. to 65g/s Nominal.

	(510
	- AND
	· 324 SV 610 
CLOSED
· 324 SY 610 B 
CLOSED
· 324 TV 615 
@ 50% (2)

	510
	· START: 
324 TV 615 OPENING COMPUTATION (1)
/ TV615 Opening
· CLOSE: 
324 HV 619 WITH RAMP 2%/Sec
/ T6 Discharge Valve
Note: (1) For 324 TV 615 Computation refer to Chapter dedicated to 324 SC 610.

	(0
	
	· TIMER 60 sec.


NOTE:   IF NOT IN STEP 0:   TURBINE 6 TRIP   (   GO TO   STEP 500
NOTE:   IN CASE OF LIQUEFIER TRIP: EXIT SEQUENCE; CLOSE 324 SY 610 B, 324 SV 610 and 324 TV 615
Note (2): The values: opening and Ramps given for 324 TV 615 shall be adjusted during Commissioning to allow smooth Transition between Turbine / By-Pass.
8.8 G3X1 - TURBINES : Critical Speed Zone
Note: Critical Speed Values, refer to Chapter: “Turbines Alarms & Trips” and to C1192 NT 117.
8.8.1 CRITICAL SPEEDS: Principle
When the Turbine is in critical speed, the Temperature Set point is modified to escape from the critical speed as fast as possible. Unless, the Turbine is already very cold (with reference to 324 TAL 3X9), the Temperature Set Point (324 TC X19) is decreased. The Set Point offset called dT (ref. table below for dT MAX Values). This function programmed as a sequence applies to load variations (up or down) and to cool-down.

	Turbine
	XT 001
	XT 002
	XT 003
	XT 004
	XT 005
	XT 006

	dT Max
	5.0 K
	5.0 K
	5.0 K
	5.0 K
	NA


Note: T6 Logic is different. Its speed will be moved out of critical speed, toward CS+ if the Attenuators (except operator) are equal to 100%, else toward CS-.

Note: If this is not successful, refer to solution used for Turbine 6, which could be adapted to other Turbines.

8.8.2 G311 - CRITICAL SPEEDS: Turbines 1&2: Principle
Turbines 1&2 are controlled by the same speed controller. The controller controls the speed of the fastest turbine, the slower turbine just follows. Any of the two turbines can be in the critical zone, and keeping the Set Point of the fastest away from the Critical Speed is not sufficient.

The strategy is to monitor the speed of both Turbines. When T1 or T2 enters the critical zone, a timer is started. If after 30 seconds, one of the turbines is still in the critical zone, the Set Point (SP) of the Temperature Control loop is changed. The Set Point of the Temperature control loop can either be increased or decreased:

a. If the Speed Controller Set Point 324 SC 110_SP is below 90% (i.e. the master turbine speed is controlled below 90% of its nominal speed), the Turbines 1&2 shall be accelerated to escape from the critical zone. Consequently the set point of Turbine 2 discharge temperature controller 324 TC 219_SP will be decreased.

b. Inversely if 324 SC 110_SP is above 90%, Turbines 1&2 will be slow-down. Consequently the set point of 324 TC 219_SP will be increased.

In both cases, 324 TC 219_SP will be changed following a ramp. The Ramp slope will be negative in case a and positive in case b. 324 TC 219_SP is modified as follows:

· 324 TC 219_SP is ramped during the Cool-Down and Warm-Up phase

· 324 TC 219_SP is given by the Operator in Normal Operation

( In this case the Set Point will be called “Raw” Set Point: 324 TC 219_Raw
( When one of the Turbines has been in the critical zone for too long, the “raw” set point is modified:

· 324°TC°219_SP  =  324 TC 219_Raw  +  dT
· dT = RAMP FROM 0 to – 5 Kelvin (case a) OR RAMP FROM 0 to 5 Kelvin (case b)
In certain occasion, it is possible that dT ramp is completed and that the Turbine 1 or 2 is still in its critical speed. In this case, dT is ramped back to 0K.

It is also possible that 324 TC 219_SP gets close to 324 TAL 219, in this case, dT ramp is stopped.

Once The Turbine 1 & 2 are away from their Critical Zone, the Ramp of dT is stopped and timer is started. Once the timer is over, dT is ramped again to 0, 324 TC 219_Raw is restored. Once 324 TC 219_Raw is retored, the sequence is over.
8.8.3 CRITICAL SPEEDS: Examples for Turbines 3, 4, 5
· COOL DOWN
During cool-down, the Temperature Set Point is ramped down and the turbine Speed Increases. When the Turbine Speed hits the Critical Zone, dT is added to the Temperature Set point. The Cool-Down is accelerated. This acceleration reduces the amount of time spent in the critical zone.
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· LOAD INCREASE
When the load decreases, the Turbine Speed is increased to maintain the same Discharge Temperature constant. When the Turbine Speed hits the Critical Zone, dT is added to the Temperature Set point. The Turbine Speed is thus accelerated, which reduces the amount of time spent in the critical zone.
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· LOAD INCREASE
When the load increases, the Turbine Speed is decreased to maintain the Discharge Temperature constant. When the Turbine Speed hits the Critical Zone, dT is added to the Temperature Set point. The Turbine Speed will then be increased and maintain above the critical speed. If despite the Temperature Set point modification, the Turbine remains in the critical speed, dT will be set to 0 again. While dT is ramped down, the Turbine is expected to leave exit the critical zone.
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· LOAD VARIATION

It is likely to observe in certain operating conditions transition between the Load Increase and the Load decrease configuration.
8.8.4 CRITICAL SPEEDS: Examples for Turbine 6
For Turbine 6, the Set point is directly calculated from the attenuators. If the ATTENUATORS product belongs to the Critical Speed Region, the set point will be moved to 10Hz below the Critical Speed region*. The set point will be restored as soon as the ATTENUATORS product is out of the critical speed region.
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Note *: If all Attenuators = 100% except Operator Att, the SP will be moved above the Critical Speed Region.

8.8.5 G311 - CRITICAL SPEEDS: Turbines 1&2: Sequence

	0
	-

	(010
	- TURBINES 1-2 IN CRITICAL SPEED 
/ Turbine 1 or 2 In Critical Zone

	010
	START TIMER 010

	(020
	- TIMER 010 = 30 sec.
	( 0
	- TURBINES 1-2 NOT IN CRITICAL SPEED

	020
	RAMP UP OR DOWN:

	
	· IF 324 SC 110_SP < 90% AND 
324 TT 219 > 324 TAL 219 + 5.0 K (1) 
THEN RAMP = TEMP_DOWN
· IF 324 SC 110_SP > 90% OR 
324 TT 219 < 324 TAL 219 + 5.0 K (1) 
THEN RAMP = TEMP_UP
Note: If the Turbines are already Fast or Cold, the turbine will be slow-down: Therefore, the Set Point for the Discharge Temperature will be ramped-up (TEMP_UP). Inversely, if none of the turbine is fast or cold, the discharge temperature set point will be ramped-down (TEMP_DOWN).

	(030
	 - 1

	030
	TEMPERATURE SP ADJUSTMENT

	
	· IF TURBINES 1-2 IN CRITICAL SPEED THEN:

· STOP & RESET TIMER 030
· 324 TC 219_SP 
= 324 TC 219_SP_RAW + dT

· IF RAMP = TEMP_UP
THEN RAMP dT FROM 0 TO + 5.0 K (1) @ 2.0 K / minute.

· IF RAMP = TEMP_DOWN 
THEN RAMP dT FROM 0 TO - 5.0 K (1) @ 2.0 K / minute.

	
	· IF TURBINES 1-2 NOT IN CRITICAL SPEED THEN: 

· START TIMER 030

· FREEZE dT

	(040
	OR
	· AND
	· 324 TC 219_SP < 324 TSL 219 + 1.0K
/ Discharge Temp Low
· RAMP = TEMP_DOWN
/ Temp Set-Point is decreased.

	
	
	· | dT | = 5.0K (1)
/ End of Ramp

· TIMER 030 = 5 MIN
/ Turb. 1&2 out of Critic for 5 min.

	
	The Turbine Speed Set Point will be restored (dT = 0) if one of the following conditions occur:

· If the discharge Temperature is low and if the SP is being decreased (i.e. RAMP = TEMP_DOWN)

· If dT has reached its maximum value (The Set Point is not going to change more)

· If the Turbines have been away from their critical zone for sufficient time.

	040
	RESTORE SET POINT

	
	· RESTORE 324 TC 219 SP:

· RAMP dT   TO   0 K @ 2.0 K / minute.

· 324 TC 219_SP = 324 TT 219_RAW + dT

· MONITOR CRITICAL SPEED:

· IF TURBINES 1-2 IN CRITICAL SPEED RISING EDGE*
TIMER 040: START
· IF TURBINES 1-2 NOT IN CRITICAL SPEED 
TIMER 040: STOP & RESET
Note: * If Turbines 1 or 2 was already in critical zone, when step 040 started, TIMER 040 will not start.

	(020
	- TIMER 040 = 30 sec.

Turbine 1 or 2 in Critical Zone for 30 sec.
	( 0
	· dT = 0K

End of Ramp: 324 TC 219 Restored.


Note (1): Indicative Value.

Note: Exit Critical Speed sequence when Turbine Sequence G310 Step = 0.
8.8.6 G331 - CRITICAL SPEEDS: Sequence: Turbines 3, 4, 5

Note: Example based on Turbine 3.
	0
	-

	(010
	- TURBINE 3 IN CRITICAL SPEED 
/ Turbine 3 In Critical Zone

	010
	START TIMER 010

	(020
	- TIMER 010 = 30 sec.
	( 0
	- TURBINE 3 NOT IN CRITICAL SPEED

	020
	RAMP UP OR DOWN:

	
	· IF 324 TT 319 > 324 TAL 319 + 5.0 K (1) 
THEN RAMP = TEMP_DOWN
· IF 324 TT 319 < 324 TAL 319 + 5.0 K (1) 
THEN RAMP = TEMP_UP
Note: If the Turbine is already Cold, the turbine will be slow-down: Therefore, the Set Point for the Discharge Temperature will be ramped-up (TEMP_UP). Otherwise, the turbine will be accelerated.

	(030
	- 1

	030
	TEMPERATURE SP ADJUSTMENT

	
	· IF TURBINE 3 IN CRITICAL SPEED THEN:

· STOP & RESET TIMER 030
· 324 TC 319_SP = 324 TC 319_SP_RAW + dT

· IF RAMP = TEMP_UP 
THEN RAMP dT FROM 0 TO + 5.0 K (1) @ 2.0 K / minute.

· IF RAMP = TEMP_DOWN 
THEN RAMP dT FROM 0 TO - 5.0 K (1) @ 2.0 K / minute.

	
	· IF TURBINE 3 NOT IN CRITICAL SPEED THEN:

· START TIMER 030

· FREEZE dT

	(040
	- OR
	· AND
	· 324 TC 319_SP < 324 TSL 319 + 1.0K
/ Discharge Temp Low
· RAMP = TEMP_DOWN
/ Temp Set-Point is decreased.

	
	
	· | dT | = 5.0K (1)
/ End of Ramp

· TIMER 030 = 5 MIN
/ Turb. 3 out of Critic for 5 min.

	
	The Turbine Speed Set Point will be restored (dT = 0) if one of the following conditions occur:

· If the discharge Temperature is low and if the SP is being decreased (i.e. RAMP = TEMP_DOWN)

· If dT has reached its maximum value (The Set Point is not going to change more)

· If the Turbines have been away from their critical zone for sufficient time.

	040
	RESTORE SET POINT

	
	· RESTORE 324 TC 319 SP:

· RAMP dT   TO   0 K @ 2.0 K / minute.

· 324 TC 319_SP = 324 TT 319_RAW + dT

· MONITOR CRITICAL SPEED:

· IF TURBINE 3 IN CRITICAL SPEED RISING EDGE*
TIMER 040: START
· IF TURBINE 3 NOT IN CRITICAL SPEED 
TIMER 040: STOP & RESET
Note: * If Turbine 3 was already in critical zone, when step 040 started, TIMER 040 will not start.

	(020
	- TIMER 040 = 30 sec.

Turbine 3 in Critical Zone for 30 sec.
	( 0
	· dT = 0K

End of Ramp: 324 TC 319 Restored.


Note (1): Indicative Value.
Note: Exit Critical Speed sequence when Turbine Sequence G3X0 Step = 0.

8.8.7 G331 - CRITICAL SPEEDS: Sequence: Turbine 6

	0
	-

	(010
	- TURBINE 6 IN CRITICAL SPEED 
/ Turbine 6 In Critical Zone

	010
	START TIMER 010

	(020
	- TIMER 010 = 30 sec.
	( 0
	- TURBINE 6 NOT IN CRITICAL SPEED

	020
	RAMP UP OR DOWN:

	
	· IF ATTENUATORS = 100% * 
THEN TARGET = ( [CS +] 
+ 
10Hz ) / Nominal Speed [%]
· IF ATTENUATORS < 100% * 
THEN TARGET = ( [CS -] 
- 
10Hz) / Nominal Speed [%]
Note: * ATTENUATORS = Product of all attenuators except Operator Attenuator.

	(030
	- 1

	030
	SPEED SP ADJUSTMENT

	
	· 324 SC 610 SET POINT: RAMP FROM ACTUAL PV TO TARGET @ 1.0% / Sec.

	(040
	- AND
	· END OF RAMP

	
	
	- OR
	· OR
	· ATTENUATORS * x OPERATOR ATT > ( [CS +] + 10Hz ) / Nomi Speed [%]
· ATTENUATORS * x OPERATOR ATT < ( [CS +] + 10Hz ) / Nomi Speed [%]

	
	
	
	

	
	
	
	· AND
	· TARGET = ( [CS +] + 10Hz ) / Nominal Speed [%]
· ATTENUATORS * < 100%

	040
	RESTORE SET POINT

	
	· 324 SC 610 SET POINT: RAMP FROM ACTUAL PV TO COMPUTED SP @ 1.0% / Sec.

	(020
	- TURBINE 6 IN CRITICAL SPEED
	( 0
	· END OF RAMP


Note (1): Indicative Value.

Note: Exit Critical Speed sequence when Turbine Sequence G360 Step = 0.
Note: This Sequence could be used for Other Turbines, if initial Strategy is not performing well. In this case:

- Step 030 shall set 324 TC X19 in Manual & Track (i.e. SP = PV & CV = PV / Attenuators)

- Step 040 shall set 324 TC X19 back in Auto with ramp on Set Point from actual PV to operator set point.

Transition 030 ( 040 to be adjusted.
9 LIQUEFIER: ADSORBERS SEQUENCES
ADSORBERS: General Explanations
9.1.1 ADSORBERS: Sequence Priority

The Priority is mainly given by G701 and G702:

· The 80K Adsorbers will be the first to be connected. 
(Priority given by G702 Step 020)

· The 20K Adsorbers will be connected before the regeneration.
(Priority given by G701 (200 and (400)

Note: In addition, prior to starting any Regeneration and / or Connection, the sequences G711, G712, G721, G722, G731, G732, G741 and G742, check that the Regeneration Circuits is available prior to pursuing.

9.1.2 Adsorbers: Turbines Operation
- The Adsorbers are installed to:
- Ensure high purity product

- To protect the Turbines from impurities.

- To prevent plugging the Heat exchanger with impurities.
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The Adsorbers are cooled down by the turbines installed downstream. Thus the Turbines installed downstream the Adsorber are allowed to start and before the Adsorbers have reached their nominal temperature.
9.1.3 Adsorbers: Cold Stand-By
To allow for quick Adsorber change over, and for fast reconnection after a liquefier trip, the Stand-By Adsorber is maintained under cold conditions. The adsorber is maintained cold using a fraction of the process stream which contains impurities: its status is then CONNECTED LIMITED. The following precaution shall be carefully follow:

1. Sufficient Cooling Flow: The flow taken from the process main stream shall be sufficient to maintain the adsorber cold. If the stand-by adsorber is not maintained cold, and if its temperature rises impurities will be allowed to travel
2. Maintaining the Stand-By Adsorber Clean: The fraction of the flow diverted to the cold-stand-by adsorber shall be small in order to limit the amount impurities trapped in this adsorber, and to maintain it clean. This is to avoid releasing impurities during reconnection of the adsorber after a trip of the liquefier.
( The valve position inlet / outlet shall be adjusted during commissioning in order to get the right amount of flow in the Cold Stand-By Adsorber:
* INLET / OUTLET Valves with Sufficient opening:
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* INLET / OUTLET Valves with Insufficient opening:
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Note: Logic can easily be changed from Cold to warm Stand-By.
ADSORBERS: Status
The Adsorber Status can be:

· CLEAN: After regeneration and until full connection for more than X hours.

· REGEN: 
While Regeneration is in Progress.

· CONNECTED LIMITED: 
When Inlet and outlet valves are partially open.

· CONNECTED FULL: 
When Inlet and Outlet Valves are 100% open.
	STATUS

	CLEAN (2)
	SET
	- REGENERATION COMPLETED

	
	RESET
	- CONNECTED – FULL
- AND TEMPERATURE < X K FOR MORE THAN 2 Hours (1).

Note: X = 25K for 20K Adsorber and 85K for 80K Adsorber.
Note: Parameters shall be the same as G712- Step 420

	REGEN
	SET
	G7X1 NOT IN STEP 0.

	
	RESET
	G7X1 IN STEP 0.

	CONNECTED-LTD
	SET
	INLET & OUTLET VALVES @ 10%

	
	RESET
	OR
	INLET VALVE CLOSED

OUTLET VALVE CLOSED

	CONNECTED-FULL
	SET
	INLET & OUTLET VALVES @ 100%

	
	RESET
	OR
	INLET VALVE 
NOT 100%

OUTLET VALVE 
NOT 100%


Note: For each adsorber: Display Status and Timer on HMI.
Note (1): The TIMER runs, while the Adsorber is connected full (The Timer will freeze if the Adsorber is not connected full). The Timer is set to Zero when the Status Clean goes from False to True. (i.e. after a regeneration).
Note (2): CLEAN: The amount of impurities in the Feed gas is about

· 50ppmv of impurities to be removed at 80K

· 80ppmv of impurities to be removed at 20K
The chart below shows the quantity of impurity trapped in an Adsorber as a function of the time: 
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9.1.4 ADSORBERS: Stand-By kept Cold
In order to allow fast switch from ONLINE to STAND-BY Adsorber, the STAND-BY Adsorber is kept cold.

( G701 - STEP 100:
- Adsorber 710 is in Stand-By 
(CONNECTED LIMITED)
G712- Step 320

- Adsorber 720 is on line 
(CONNECTED FULL)
G722- Step 420

- 720 Regeneration: Operator Request

( G701 - STEP 200:

- Adsorber 710 is on line 
(CONNECTED FULL)
G712- Step 420


- Adsorber 720 is isolated 
(REGENERATION)
G721- Step 020 to 720

- 710 Regeneration: Completed
( G701 - STEP 300:


- Adsorber 710 is on line 
(CONNECTED FULL)
G712- Step 420


- Adsorber 720 is in Stand-By 
(CONNECTED LIMITED)
G722- Step 320

- 710 Regeneration: Operator Request

( G701 - STEP 400:

- Adsorber 710 is isolated 
(REGENERATION)
G711- Step 020 to 720


- Adsorber 720 is on line 
(CONNECTED FULL)
G722- Step 420

- 710 Regeneration: Completed
( G701 - STEP 300:


- etc…

Note: Keeping the Adsorbers under cold conditions requires extra cooling capacity.

Note: The sequence can be easily changed to STAND-BY Adsorbers remain Warm.
9.1.5 ADSORBERS: Temperature Rise / High Temperature
If the temperature of a cold Adsorber CONNECTED-FULL is rising, it is disconnected and the by-pass open:
- ADSORBER 710 is CONNECTED FULL
G721- Step 420


- 
If the temperature rise above 90K and if Adsorber 710 is not clean

Then the sequence will continue to step 500 to avoid releasing impurities.
- ADSORBER 710 is ISOLATED and BY-PASS is OPEN
G711- Step 510


- 
If the Adsorber 720 is already in G712- STEP 320 Then it will be CONNECTED FULL.

Note: If the Adsorber 720 is not ready, it will complete its regeneration and connection prior to connection.
While Adsorber 720 is not ready, the By-Pass 324 HV 701 will remain open.
- ADSORBER 720 is CONNECTED FULL and BYPASS is CLOSED
G722- Step 420

Adsorber 710 can be regenerated using G711.

Adsorber 720 is on Line G722 – Step 420.

The By-Pass Valve is closed in G722- Step 410.

Note: 
The regeneration of Adsorber 710 shall then be required manually.
9.2  G701 - ADSORBERS: 80K GENERAL / Principle
9.2.1 G701 - ADSORBERS: 80K GENERAL - NOMINAL
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9.2.2 G701 - ADSORBERS: 80K GENERAL – FROM START / NO ADSORBER CLEAN
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9.2.3 G701 - ADSORBERS: 80K GENERAL – FROM START / ONE ADSORBER CLEAN
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Note: If 2 Adsorbers are clean, Priority is given to Adsorber 710.
9.3 G701 - ADSORBERS: 80K GENERAL / SFC
	0
	Note: At Any Step, If G701 Stopped, Sequence will return to 0.

	(010
	- G701 START ORDER

	010
	CIRCULATION ON BY PASS & INITIALISATION

	
	· OPEN 324 HV 701
/ Circulation initiated on Adsorber By Pass.

	(020
	
	· 324 HV 701 OPEN @ 100%

	020
	SYNCHRO

	(030
	- AND
	TO REGENERATION:

· ADS_710 NOT CLEAN 

· ADS_720 NOT CLEAN
	(100
	TO 710 CONNECT:
- ADS_710 CLEAN
	(300
	- AND
	TO 720 CONNECT:
· ADS_710 NOT CLEAN 

· ADS_720 CLEAN

	030
	· IF 
324 TT 710 > 324 TT 720 THEN START G711 - ADSORBER_710 REGENERATION
· ELSEIF
324 TT 710 < 324 TT 720 THEN START G721 - ADSORBER_720 REGENERATION
The Warmest of the 2 Adsorbers is regenerated first to optimize time to production.

	(100
	
	· ADSORBER_710 CLEAN
	(300
	- AND
	· ADSORBER_710 NOT CLEAN
· ADSORBER_720 CLEAN

	100
	· -START SFC: G712 – ADSORBER 710 CONNECTION

	
	At the end of this step G712 is in Stand-by:

- Adsorber_710 is CONNECTED-LIMITED (inlet/outlet valves partially open)

- Adsorber_710 connection will be completed when Adsorber_720 regeneration will be requested.

	(200
	- AND
	- 
OPERATOR REQUEST

- 
ADSORBER_710: 
CONNECTED-LIMITED OR FULL
- 
ADSORBER_730 OR 740: 
CONNECTED-FULL(1)
/ 20K ADSORBERS

	200
	· -START: G721 – ADSORBER 720 REGENERATION

	
	At the end of this step:

· Adsorber_720 is CLEAN.

· Adsorber_710 is CONNECTED-FULL

	(300
	
	· ADSORBER_720 CLEAN

	300
	· -START: G722 – ADSORBER 720 CONNECTION

	
	At the end of this step G722 is in Stand-by:

- Adsorber_720 is CONNECTED-LIMITED (inlet/outlet valves partially open)

- Adsorber_720 connection will be completed when Adsorber_710 regeneration will be requested.

	(400
	- AND
	- 
OPERATOR REQUEST

- 
ADSORBER_720: 
CONNECTED-LIMITED OR FULL
- 
ADSORBER_730 OR 740: 
CONNECTED-FULL(1) 
/ 20K ADSORBERS

	400
	· -START: G711 – ADSORBER 710 REGENERATION

	
	At the end of this step:

· Adsorber_710 is CLEAN.

· Adsorber_720 is CONNECTED-FULL

	(100
	
	· ADSORBER_710 CLEAN


Note(1): Once one 80K is connected full, priority is given to 20K for connection, and 80K regeneration will not start unless one 20K Adsorber is connected full.
9.4 G702 - ADSORBERS: 20K GENERAL / SFC
	0
	Note: At Any Step, If G702 Stopped, Sequence will return to 0.

	(010
	- G702 START ORDER

	010
	CIRCULATION ON BY PASS & INITIALISATION

	
	· OPEN 324 HV 702
/ Circulation initiated on Adsorber By Pass.

	(020
	
	· 324 HV 702 OPEN @ 100%

· ADSORBER_710 OR 720: CONNECTED-FULL (1)

	020
	SYNCHRO

	(030
	- AND
	TO REGENERATION:

· ADS_730 NOT CLEAN 

· ADS_740 NOT CLEAN
	(100
	TO 730 CONNECT:
- ADS_730 CLEAN
	(300
	- AND
	TO 740 CONNECT:
· ADS_730 NOT CLEAN 

· ADS_740 CLEAN

	030
	· IF 
324 TT 730 > 324 TT 740 THEN START G731 - ADSORBER_730 REGENERATION
· ELSEIF
324 TT 730 < 324 TT 740 THEN START G741 - ADSORBER_740 REGENERATION
The Warmest of the 2 Adsorbers is regenerated first to optimize time to production.

	(100
	- AND
	· ADSORBER_730 CLEAN
	(300
	- AND
	· ADSORBER_730 NOT CLEAN
· ADSORBER_740 CLEAN

	100
	· -START SFC: G732 – ADSORBER 730 CONNECTION

	
	At the end of this step G712 is in Stand-by:

- Adsorber_730 is CONNECTED-LIMITED (inlet/outlet valves partially open)

- Adsorber_730 connection will be completed when Adsorber_740 regeneration will be requested.

	(200
	- AND
	- 
OPERATOR REQUEST

- 
ADSORBER_730: 
CONNECTED-LIMITED OR FULL

	200
	· -START: G741 – ADSORBER 740 REGENERATION

	
	At the end of this step:

· Adsorber_740 is CLEAN.

· Adsorber_730 is CONNECTED-FULL

	(210
	
	· ADSORBER_740 CLEAN

	300
	· -START: G742 – ADSORBER 740 CONNECTION

	
	At the end of this step G722 is in Stand-by:

- Adsorber_740 is CONNECTED-LIMITED (inlet/outlet valves partially open)

- Adsorber_740 connection will be completed when Adsorber_730 regeneration will be requested.

	(400
	- AND
	- 
OPERATOR REQUEST

- 
ADSORBER_740: 
CONNECTED-LIMITED OR FULL

	400
	· -START: G731 – ADSORBER 730 REGENERATION

	
	At the end of this step:

· Adsorber_730 is CLEAN.

· Adsorber_740 is CONNECTED-FULL

	(100
	
	· ADSORBER_730 CLEAN


Note(1): Priority is given to 80K Adsorber, which will be connected first.
9.5 G711 – ADSORBERS: REGENERATION Principle

9.5.1 G711-STEP 100: Adsorbers De-Pressurization
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9.5.2 G711-STEP 200: Adsorbers Warm-Up
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9.5.3 G711-STEP 300: Adsorbers Purging
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9.5.4 G711-STEP 400: Adsorbers Filling
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9.5.5 G712-STEP 100: Adsorbers Cooling
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G711 - ADSORBERS: REGENERATION / SFC
This sequence is based on Adsorber 710. Similar sequences exist for Absorbers 720, 730 and 740.
	0
	

	(010
	· G711 - START ORDER - ADSORBERS 710 REGENERATION
/ ADS_710 Regeneration

	010
	· IF ADSORBERS_710 NOT CLEAN: 
SET CYCLE_710 = 3
/ To count 3 Pump-Fill Cycles
· IF ADSORBERS_710 CLEAN: 
SET CYCLE_710 = 1
/ To count 1 Pump-Fill Cycle

	(020
	- AND
	The flow shall not be stopped by ADSORBER_710 REGENERATION:
Prior to disconnection, 324 HV 701 shall be OPEN, or Adsorber_720 CONNECTED-FULL

	
	
	- OR
	· ADSORBER_720 
CONNECTED FULL
· 324 HV 701 
OPEN
/ Adsorber By-Pass Open.

	
	
	Priority between Adsorbers shall be given:

 
- If No 80K CONNECTED-FULL: 80K go first

 
- Else If No 20K CONNECTED-FULL 20K go first (Priority given by Adsorber General)

 
- Else 80K go first  (* If 80K and 20K are in STEP 10*, 80K go first)

	
	
	The Regeneration Circuits shall be available: Other SFC OFF.
· G721 – ADSORBER_720 REGENERATION: 
STEP 0
· G731 – ADSORBER_730 REGENERATION: 
STEP 0 OR STEP 10*
· G741 – ADSORBER_740 REGENERATION: 
STEP 0 OR STEP 10*
· G712 – ADSORBER_710 CONNECTION: 
STEP 0 OR STEP = 100
· G722 – ADSORBER_720 CONNECTION: 
STEP 0 OR STEP ≥ 320
· G732 – ADSORBER_730 CONNECTION: 
STEP 0 OR STEP ≥ 320
· G742 – ADSORBER_740 CONNECTION: 
STEP 0 OR STEP ≥ 320

	
	
	The Regeneration Circuits shall be available: all regeneration valves are duly closed
· 324 HV 804 :
CLOSED
/ Deriming Valve
· 324 SDV 900:
CLOSED
/ Purge Group Protection
· 324 XV 750, 759
CLOSED
/ Blower Isolation Valves
· 324 FV 713, 723, 733, 743: 
CLOSED
/ Adsorbers Regeneration Out.
· 324 XV 714, 724, 734, 744: 
CLOSED
/ Adsorbers Regeneration In.

· 324 XV 751, 752, 753, 754:
CLOSED
/ To LP, Atm, Purge, From HP


	020
	ISOLATION

	
	· CLOSE 324 HV 710 WITH RAMP 0.2%/Sec


	(030
	
	· 324 HV 710
CLOSED
/Adsorber Inlet Isolated

	030
	· CLOSE 324 HV 719 WITH RAMP 2.0%/Sec

	(100
	- AND
	· 324 HV 719
CLOSED
/Adsorber Outlet Isolated

	100
	DEPRESSURIZATION

	
	Note: The Helium is vented to the atmosphere. While it could be recovered through the LP via XV752, it was decided, after discussion with RasGas, to vent the He to Atmosphere to avoid possible LP Pressure up-set.

· OPEN 324 XV 751
/ To Atm via atm heater
· OPEN 324 XV 714
/ Ads. Inlet Regen Valve.

	(110
	- AND
	· 324 XV 751 OPEN

· 324 XV 714 OPEN

· 324 PT 750 < 1.10 Bara
/ Regen Circuit Depressurized

	110
	· OPEN 324 FV 713 WITH RAMP 0.2%/Sec

	(120
	- OR
	- 324 FV 713 OPEN @ 50%

	
	
	- AND
	· 324 FT 750 > 7 g/s

· TIMER 5 sec.

	120
	· START 324 FC 750 WITH SET-POINT = 7 g/s & ACTUATOR = 324 FV 713
Note: Flow shall be controlled to avoid fast flow and fluidization of the adsorbent bed.

	(130
	- AND
	· 324 PT 750 < 1.10 Bara
/ Regeneration Circuit P
· 324 PT 712 < 1.10 Bara.
/ Adsorber 710 Pressure

	130
	DEPRESSURISATION COMPLETED:
· If CLEAN 
OR 
WARM: 
WARM-UP not required: 
GOTO Purging.

· If NOT CLEAN 
AND 
COLD: 
WARM-UP required: 
GOTO Warm-Up

· STOP 324 FC 750 
/ Depressu Flow Control.
· OPEN 324 FV 713 @ 100% WITH RAMP 1.0%/Sec.
/ Full open for Efficient Purge.

	(200
	- AND
	· 324 TT 710 < 200 K*
· NOT CLEAN

· 324 FV 713 @ 100%
	(300
	- AND
	- OR
	· 324 TT 710 > 200 K*
· CLEAN

	
	
	· 
	
	
	· 324 FV 713 @ 100%

	
	· Note*: for 20K Absorbers the Temperature is 110K.


	200
	WARM-UP

	
	The Adsorber is depressurized and the blower can be connected and started. 324 XV 751 will remain open to keep the pressure in the circuits at 1 Atm and to release He thermal expansion and out-gasing impurities.

· OPEN 324 XV 750
/ Blower Inlet Valve
· OPEN 324 XV 759
/ Blower Outlet Valve
Note: 324 XV 714 and 751 already open.

	(210
	- AND
	· 324 XV 750 OPEN
· 324 XV 759 OPEN

	210
	The Blower will be started and controlled using a speed controller. The speed controller will allow maintaining a constant Differential Pressure across the blower. The Differential Pressure Set point will be lowered using an attenuator if the discharge temperature is High.

· START 324 K 001M
/ Regeneration Blower

· START 324 DPC 759
/ Blower Control.
The gas processed by the blower is fed to the adsorbers, where the bed is warmed-up to release trapped impurities. The gas loaded with impurities will then be fed to an atmospheric Heater 324 E 010. Excess of pressure linked to Impurities out-gas and thermal expansion is released through 324 XV 751. The rest of the gas is recycled by the blower. Pressure drops across the circuits will increase as the composition of the process gas changes (increase of molecular weight).

	(220
	
	· 324 TT 710 > 225 K*
/ Ads_710 Temperature
Note*: for 20K Absorbers the Temperature is 120K.

	220
	· STOP 324 DPC 759
/ Blower control
· STOP 324 K001M
/ Blower is stopped.

	(230
	
	· 324 K 001 STOPPED
/ Regeneration Blower

	230
	· CLOSE 324 XV 750
/ Blower Isolation Valves IN
· CLOSE 324 XV 759
/ Blower Isolation Valves OUT

	(300
	- AND
	· 324 XV 750 CLOSED

· 324 XV 759 CLOSED
· 324 PT 750 < 1.10 Bara
/ Regeneration Circuit Press


	300
	PURGING

	
	Note: Purge Pump is not designed for pressure:
324 XV 753 and 324 SDV 900 are used to isolate the pump in case of pressure: INTERLOCKS.
· OPEN 324 XV 751
/ To Atmosphere
· OPEN 324 XV 753
/ To Purge Group.

	(310
	- AND
	· 324 XV 753 OPEN

· 324 PT 750 < 1.10 Bara

· 324 PT 900 < 1.05 Bara

	310
	· CLOSE 
324 XV 751
/ To Atmosphere
· OPEN 
324 SDV 900
/ To Purge Group.

	(320
	- AND
	· 324 SDV 900 
OPEN

· 324 XV 751 
CLOSED

	320
	· START 300 P 003
/ Purge Group.

	(330
	- AND
	· 324 PT 900 < 0.010 Bara

· 324 PT 712 < 0.050 Bara

	
	
	· OR
	· CYCLE_710 = 1
/ Final Purge is Short
· TIMER 320  = 30min
/ Timer initiated in Step 320

	330
	· STOP 
324 P 003
/ Purge Group.

· CLOSE 
324 SDV 900
/ Isolate Purge Group
· CLOSE 
324 XV 753
/ Isolate Purge Group.

	(400
	- AND
	· 324 SDV 900 
CLOSED

· 324 XV 753 
CLOSED

	400
	FILLING

	
	Adsorber_710 Regeneration Valves Inlet: 324 XV 714 and Outlet 324 FV 713 Valves already open.

The Depressurization and Purge Valves 324 XV 751, 752 and 753 are closed.

The Blower is Isolated: 324 XV 750 and 759 are closed.
· OPEN 324 XV 754
/ Pressurization Valve.

	(410
	
	· 324 PT 712 > 1.0 Bara

	410
	· CLOSE 324 XV 754
/ Pressurization Valve.

· CYCLE_710 = CYCLE_710 - 1
/3 Purge Cycles required.

	(420
	- AND
	· 324 XV 754 CLOSED

· CYCLE_710 = 0
	(300
	AND
	· 324 XV 754 CLOSED

· CYCLE_710 > 0

	420
	· SET ADSORBER_710 = CLEAN
/ Regeneration Completed.

· CLOSE 324 FV 713
/ Regeneration Valve Out.

· CLOSE 324 XV 714
/ Regeneration Valve In.

	( 0
	- AND
	· 324 FV 713 CLOSED

· 324 XV 714 CLOSED


G712 - ADSORBERS: CONNECTION / SFC
This sequence is based on Adsorber 710. Similar sequences exist for Absorbers 720, 730 and 740.
	0
	

	(010
	- AND
	· G712 - ADSORBER CONNECTION - START REQUEST
/ ADS_710 Connection
· G711 - ADSORBER REGENERATION - IN STEP 0
/ ADS_710 Regeneration

	10
	 SYNCHRO - Wait For Regeneration Circuit Availability

	(100
	- AND
	The flow shall not be stopped by ADSORBER_710 REGENERATION:
Prior to disconnection, 324 HV 701 shall be OPEN, or Adsorber_720 CONNECTED-FULL

	
	
	- OR
	· ADSORBER_720 
CONNECTED FULL
· 324 HV 701 
OPEN
/ Adsorber By-Pass Open.

	
	
	Priority between Adsorbers shall be given:

 
- If No 80K CONNECTED-FULL: 80K go first

 
- Else If No 20K CONNECTED-FULL 20K go first (Priority given by Adsorber General)

 
- Else 80K go first  (* If 80K and 20K are in STEP 10*, 80K go first)

	
	
	The Regeneration Circuits shall be available: Other SFC OFF.
· G721 – ADSORBER_720 REGENERATION: 
STEP 0
· G731 – ADSORBER_730 REGENERATION: 
STEP 0 OR STEP 10*
· G741 – ADSORBER_740 REGENERATION: 
STEP 0 OR STEP 10*
· G722 – ADSORBER_720 CONNECTION: 
STEP 0 OR STEP ≥ 320
· G732 – ADSORBER_730 CONNECTION: 
STEP 0 OR STEP ≥ 320
· G742 – ADSORBER_740 CONNECTION: 
STEP 0 OR STEP ≥ 320

	
	
	The Regeneration Circuits shall be available: all regeneration valves are duly closed
· 324 HV 804 :
CLOSED
/ Deriming Valve
· 324 SDV 900:
CLOSED
/ Purge Group Protection
· 324 XV 750, 759
CLOSED
/ Blower Isolation Valves
· 324 FV 713, 723, 733, 743: 
CLOSED
/ Adsorbers Regeneration Out.
· 324 XV 714, 724, 734, 744: 
CLOSED
/ Adsorbers Regeneration In.

· 324 XV 751, 752, 753, 754:
CLOSED
/ To LP, Atm, Purge, From HP


	100
	PURGING - FILLING

	
	· START G711 - ADS_710 Regeneration 
/ ADS_710 Regeneration
ADS_710 is already CLEAN: It will only be purged and filled once (No warm-up required)

	(110
	
	· G-711 STEP 420
/ADS_710 regen completed

	110
	324 FV 713 is closed by G711.
/ ADS_710 Regen out Valve

	(120
	
	· 324 FV 713 CLOSED

	120
	· OPEN 324 XV 714
/ Adsorber Regen Valve In.

· OPEN 324 XV 754
/ Filling Line.

	(130
	
	· |324 PT 712 – 324 PT 701| < 0.25 Bara

The Adsorber is pressurized and the DP across the inlet and outlet valves are small.

	130
	· CLOSE 324 XV 714
/ Adsorber Regen Valve In.
· CLOSE 324 XV 754
/ Filling Line.

	(140
	
	· 324 XV 714 CLOSED
/ Adsorber Regen Valve In.
· 324 XV 754 CLOSED
/ Filling Line.

	140
	· ADSORBER_710_Tr = | 324 TT 710 – 324 TT 701 | / 324 TT 701 [%]
If the Temperature of the Adsorber is low enough, No Cool-Down Step Required.

	(200
	
	· ADSORBER_710_Tr > 15%
To Cool Down Step.
	(300
	
	· ADSORBER_710_Tr < 15%

To Connection Step.


	200
	COOL-DOWN

	
	324 HV 710 (Ads_710 inlet) will provide cold flow.

324 FV 713 (Ads_710 Regen Outlet) will control the flow rate.

324 E 010 Atm Exchanger will warm-up the flow.

324 XV 752 will return the gas to the LP for recirculation.
· OPEN 324 XV 751
/ Regen Circuit to Atm.

	(210
	
	· 324 PT 750 < 1.1 Bara
/ Regen Circuit Pressure

	210
	· CLOSE 324 XV 751
/ Regen Circuit to Atm.

	(220
	
	· 324 XV 751 CLOSED

	220
	· OPEN 324 HV 710 WITH RAMP 0.2%/Sec to 10%
/ Adsorber Inlet Valve
· OPEN 324 XV 752
/ Regen Circuit to LP.

	(230
	AND
	· 324 HV 710 OPEN @ 10%

· 324 XV 752 OPEN

	230
	· OPEN 324 FV 713 WITH RAMP 0.2%/Sec
/ Adsorber Regen Valve Out.

	(240
	OR
	· 324 FV 713 OPEN AT 10%

· 324 FT 750 > 10g/s *

	240
	· START 324 FC 750 WITH SET-POINT = 10 g/s * & ACTUATOR = 324 FV 713
· ADSORBER_710_Tr = | 324 TT 710 – 324 TT 701 | / 324 TT 701 [%]
Note *: Threshold and Set-Point are 5g/s for 20K Adsorbers:
Note: Flow shall be controlled to avoid fast flow and fluidization of the adsorbent bed.

Note: Flow shall be controlled to avoid impact on Liquefier Capacity. Indeed the amount of power required for adsorbers cool down is large. Flow shall be adapted during commissioning to optimize cool-down speed while limiting the impact on the Liquefier capacity.

	(300
	
	· ADSORBER_710_Tr < 10%


	300
	CONNECTION-LIMITED

	
	· OPEN 324 HV 710 WITH RAMP 0.2%/Sec to 10%
/ Adsorber Intlet Valve
· OPEN 324 HV 719 WITH RAMP 0.2%/Sec to 10%
/ Adsorber Outlet Valve

	(310
	-AND
	· 324 HV 710 OPEN AT 10%
/ When for Step 140
· 324 HV 719 OPEN AT 10%

	310
	· STOP 324 FC 750
/ Cool-Down Control Loop

· CLOSE 324 FV 713 WITH RAMP 1.0%/Sec

	(320
	
	· 324 FV 713 CLOSED

	320
	· CLOSE 324 XV 752
/ Regen Circuit to LP.
ADSORBER 710 = CONNECTED-LTD
The Inlet and outlet Valves of the Adsorber are open at 10%*. (* to be adjusted during commissioning)
( The Adsorber is maintained Cold by a fraction of the process stream.

	(400
	- AND
	· G721 - ADSORBER_720 CONNECTION IN STEP 0
/ Ads. 720 not connected
· 324 XV 752 CLOSED

	400
	CONNECTION-FULL

	
	· OPEN 324 HV 710 WITH RAMP 0.2%/Sec to 100%
/ Adsorber Inlet Valve
· OPEN 324 HV 719 WITH RAMP 0.2%/Sec to 100%
/ Adsorber Outlet Valve

	(410
	- AND
	· 324 HV 710 OPEN AT 100%

· 324 HV 719 OPEN AT 100%

	410
	· CLOSE 324 HV 701 WITH RAMP 0.2%/Sec
/ Adsorber By-Pass

	( 420
	
	· 324 HV 701 CLOSED

	420
	NOMINAL STEP
Note: (see chapter: Adsorbers Status). If the Adsorber is full connected and cold for long enough, it is not considered as clean any more (contaminants have been trapped). If the Adsorber is not clean and if the temperature rise, the adsorber will be isolated to avoid release of the contaminants, and the by-pass will open, in order to have continuous flow.

	( 0
	
	· G711 NOT IN STEP 0
Ads_710 Regeneration Started
	(500
	- AND
	· ADSORBER 710 NOT CLEAN
· 324 TT 710 > 90 K (1) Ads. Temp.
Note (1): 27K for 20K Adsorbers.

	500
	ISOLATION IN CASE OF TEMPERATURE RISE

	
	Note: The Valve 322 PV 196A ( PSA to Liquefier) will close with RAMP if no adsorbers 80K or no adsorbers 20K are connected.. [Chapter: Liquefier Satus]
· OPEN 324 HV 701 WITH NO RAMP
/ Adsorber By-Pass

	( 510
	
	· 324 HV 701 OPEN

	510
	· CLOSE 324 HV 710 WITH RAMP 2.0%/Sec
/ Adsorber Inlet Valve
· CLOSE 324 HV 719 WITH RAMP 2.0%/Sec
/ Adsorber Outlet Valve

	(0
	- AND
	· 324 HV 710 CLOSED
/ Adsorber Inlet Valve
· 324 HV 719 CLOSED
/ Adsorber Outlet Valve


10  LIQUEFIER: WARM-UP & Deriming

DERIMING and  WARM-UP: General

Warm-Up and Deriming shall be performed manually as per one of the following methods:

Warm-Up:

- Warm Gas is circulated through the HP Process Line (324 XV 020).

- This flow will exit the cold box through 324 HV 804 and will be warm-up by 324 E 010

- The Flow is then returned to the compressor station.

Note: WARM-UP does not remove Impurities from the cycle helium.

Deriming:

- Warm Gas is circulated through the HP Process Line (324 XV 020).

- This flow will exit the cold box through 324 HV 804 and will be warm-up by 324 E 010

- The Flow is then vented with all impurities.

- Meanwhile, MP and HP circuits are depressurized to avoid pressure increase during warm-up.

Deriming – Advanced:

- Warm Gas is circulated counter flow through the MP Process Line (324 HV 801 and 324 HV 802)

- This way the flow does not mix with impurities which are directly vented to the atmosphere.

- This flow will exit the cold box through 324 HV 804 and will be warm-up by 324 E 010

- The Flow is then returned to the compressor station.

- Meanwhile, LP and HP circuits are depressurized to avoid pressure increase during warm-up.

Note: Deriming shall be carried out to remove impurities when DP or DT on HX are high.

Impurities are mainly trapped in HX HP Line:
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MANUAL WARM-UP: Principle
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MANUAL WARM-UP: Operation

WARM-UP is a Manual Operation.
	0
	

	(100
	- LIQUEFIER SHALL BE IN PRESSURIZATION: FINAL STEP

Compressor Station is ON, all Circuits are connected to the Compressor station, no risk of over pressure.

WARNING: the main Risks during Warm-Up are to:

· Warm-Up the Liquefier Too Fast (>1K / min)

· Warm-Up Circuits which are not connected to the Atmosphere (Thermal Expansion)

	100
	STOP ADSORBER DEPRESSURIZATION

	
	The Circuits dedicated to Warm-Up, Deriming and Adsorbers Regeneration are sharing the same Atmospheric Heater 324 E 010. Consequently, operation on the adsorbers must be stopped.

	(110
	
	- Adsorbers depressurization is Stopped (Step 0)

	110
	PURGE HEATER 324 E 010:

	
	- 
Depressurize Heater : 324 XV 751

- 
Condition Heater using the Pumping Filling Circuits

	(120
	
	- 324 E 010 Circuits Clean / Pressure ~1.15 Bara

	120
	START CIRCULATION OF WARM GAS

	
	- 
Open: 324 XV 752 To compressor LP.

-
Open: 324 HV 804

- 
Open: 324 TV 615: (T6 By-Pass) to Control Liquefier Warm-Up: 1K/minute.

- 
Monitoring of Temperatures: 324 TT 022, 701, 702, 029.

	(130
	
	· Temperature ~Ambient.

	130
	WARM-UP Completed

	
	- 
Close: 324 TV 615: Slowly

-
Close: 324 HV 804: Slowly.

- 
Close: 324 XV 752 To compressor LP.

	(130
	
	· Completed

	130
	LIQUEFIER IS IN PRESSURIZATION: FINAL STEP

	
	- 
The Liquefier is Warm and Final Step of “PRESSURIZATION”

NOTE: “ADSORBER DEPRESSURIZATION” IS OFF


MANUAL DERIMING: Principle
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MANUAL DERIMING: Operation

DERIMING is a Manual Operation.
	0
	

	(110
	- LIQUEFIER SHALL BE STOPPED
- Compressor Station is ON.

- Adsorbers depressurization is Stopped (Step 0).

WARNING: the main Risks during Deriming are to:

· Warm-Up the Liquefier Too Fast (>1K / min)

· Warm-Up Circuits which are not connected to the Atmosphere (Thermal Expansion)
· As Gas is lost, Make-Up Gas from Surge Drum is required:
Check that Drum is full before Deriming.

	110
	ISOLATE CIRCUITS

	
	- 
CLOSE ALL TURBINE DISCHARGE VALVES:

· 324 MV 119, MV 219, MV 319, MV 419, MV 519.

- 
Connect Conditioning Panel To Atmosphere: 

· 324 MV 905: 
Closed 
/ To Purge Pump

· 324 MV 913: 
Closed 
/ To GHe Utility

· 324 MV 909: 
Open
/ To Atmosphere

-
Depressurize the MP & HP Circuits to Atmosphere: SLOWLY
· 324 MV 911: 
Open 
/ HP Collector

· 324 MV 010 P:
Open
/ From HP T1
· 324 MV 210 P:
Open
/ From HP T2
· 324 MV 030 P:
Open
/ From MP
-
Depressurize the LP Circuits to Atmosphere: SLOWLY

· 324 MV 912: 
Open 
/ LP Collector
· 324 MV 040 P: 
Open
/ From LP

	(120
	
	

	120
	START CIRCULATION OF WARM GAS

	
	-
Open: 324 XV 020 B
-
Open: 324 XV 751: Atmospheric Heater E010 To Atmosphere.
-
Open: 324 HV 804: Liquefier Cold Adsorbers to Atmospheric Heaters E010
-
Open: 324 HV 702: 20K Adsorbers By-Pass

-
Open: 324 HV 701: 80K Adsorbers By-Pass

- 
Open: 324 TV 615: (T6 By-Pass) to Control Liquefier Warm-Up: 1K/minute.
- 
Monitoring of Temperatures: 
324 TT 022, 701, 702, 029.

- 
Monitoring of drum Pressure: 
323 PT 812

	(130
	
	· Temperature >280K.


	130
	STOP CIRCULATION OF WARM GAS

	
	-
Close: 324 XV 020 B
-
Close: 324 HV 701: 80K Adsorbers By-Pass

-
Close: 324 HV 702: 20K Adsorbers By-Pass

-
Close: 324 TV 615: (T6 By-Pass)

-
Close: 324 HV 804: Liquefier Cold Adsorbers to Atmospheric Heaters E010

-
Close: 324 XV 751: Atmospheric Heater E010 To Atmosphere.

	(130
	
	· OK

	130
	COLD BOX Conditioning

	
	- 
COLD BOX Conditioning: LP, MP, HP

	(140
	
	· Conditioning Completed

	140
	· COLD BOX IS STOPPED ALL VALVES CLOSED

	
	· 324 MV 911: 
Close
/ HP Collector

· 324 MV 010 P:
Close
/ From HP T1
· 324 MV 210 P:
Close
/ From HP T2
· 324 MV 030 P:
Close
/ From MP

· 324 MV 912: 
Close
/ LP Collector

· 324 MV 040 P: 
Close
/ From LP

· 324 MV 909: 
Close
/ To Atmosphere


MANUAL DERIMING - ADVANCED: Principle

Additional Valves allow Deriming the Liquefier without losing Helium: 
( This Procedure is more complicated.
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MANUAL DERIMING - ADVANCED: Operation

DERIMING is a Manual Operation.
	0
	

	(100
	- LIQUEFIER SHALL BE IN STOP: 
FINAL STEP ALL VALVES CLOSED.

- COMPRESSOR STATION : 
ON
WARNING: the main Risks during Warm-Up are to:

· Warm-Up the Liquefier Too Fast (>1K / min)

· Warm-Up Circuits which are not connected to the Atmosphere

	100
	PURGE HEATER 324 E 010:

	
	- 
Depressurize Heater : 324 XV 751

-
Condition Heater using the Pumping Filling Circuits

	(110
	
	- 324 E 010 Circuits Clean / Pressure ~1.15 Bara

	110
	ISOLATE CIRCUITS

	
	- 
CLOSE ALL TURBINE DISCHARGE VALVES:

· 324 MV 119, MV 219, MV 319, MV 419, MV 519.

- 
Connect Conditioning Panel To Atmosphere: 

· 324 MV 905: 
Closed 
/ To Purge Pump
· 324 MV 913: 
Closed 
/ To GHe Utility

· 324 MV 909: 
Open
/ To Atmosphere

-
Depressurize the HP Circuits to Atmosphere: SLOWLY
· 324 MV 911: 
Open 
/ HP Collector

· 324 MV 010 P:
Open
/ From HP T1
· 324 MV 210 P:
Open
/ From HP T2
· 324 MV 020 P:
Open
/ From HP
-
Depressurize the LP Circuits to Atmosphere: SLOWLY

· 324 MV 912: 
Open 
/ LP Collector

· 324 MV 040 P: 
:Open
/ From LP

	(120
	
	· 324 PT 110, 210, 020, 040: <1.05 Bara


	120
	START CIRCULATION OF WARM GAS

	
	- 
Open: 324 MV 801 Slowly MP Pressurization: Check 324 PT 030
/ Deriming Manual Valve
-
Open: 324 MV 802 Slowly HP Pressurization: Check 324 PT 701
/ Deriming Manual Valve
-
Open: 324 HV 702 Slowly HP Pressurization: Check 324 PT 702
/ 20K Adsorbers by-pass

Note: 324 MV 801 is dedicated to deriming: Manual from liquefier Warm Panel.

Note: 324 MV 802 is dedicated to deriming: Manual from liquefier Warm Panel.

- 
Open 324 HV 752: to LP

- 
Open 324 TV 615: (T6 by-Pass) to adjust the flow: <1K/minute.

- 
Monitoring of Temperatures: 
324 TT 022, 701, 702, 029.

	(130
	
	· Temperature >280K.

	130
	STOP FLOW

	
	- 
CLOSE 324 MV 801 Slowly FIRST
/ Deriming Valves (Manual Valves on liquefier Warm Panel)
- 
CLOSE 324 MV 802 Slowly.
/ Deriming Valves (Manual Valves on liquefier cold box)
- 
CLOSE 324 HV 702 SLOWLY
/ Adsorbers 20K By-Pass
-
CLOSE 324 TV 615 SLOWLY 
/ T6 By-Pass
- 
CLOSE 324 HV 804 SLOWLY
/ To Heater 324 E 010
- 
CLOSE 324 XV 752
/ To compressor LP.

	(140
	
	· OK

	140
	COLD BOX CONDITIONNING

	
	· COLD BOX Conditioning: LP and HP, HP T1&T2

	(150
	
	· Cold Box Circuits Clean

	150
	COLD BOX CLOSED

	
	- 

CLOSE CONDITIONING PANEL VALVES: 

· 324 MV 010 P, 324 MV 020 P, 324 MV 040 P, 324 MV 210 P
· 324 MV 905, 324 MV 909, 324 MV 911, 324 MV 912, 324 MV 913…


11 LIQUEFIER: VAPOR RETURN LINES
11.1 VAPOR RETURN: UNIT 324 - Principle

Two Lines allow returning the Trucks vapor from the Trucks to the Liquefier:

· The Vapors Return Cool-Down Line: 
with valves 324 HV 811, 812, 813 and 814

· The Vapors Return Loading Line: 

with valves 324 HV 821 and 824
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11.2 G8X0 - VAPOR RETURN: UNIT 325 - Principle
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11.2.1 Vapor Return : WARM TRUCK
Red: It is used to recover the vapors during Cool-Down. It allows vapor recovery from 300K to 5K:
· It will recover the vapors during Truck Cool-Down and will return the Vapors at the correct level of Temperature: 10K Port, 20K Port, 100K port and 300K port.

· It can also be used for pulling (once Truck has been identified as Clean).

· It is designed to connect one Truck at the time.

11.2.2 Vapor Return : COLD TRUCKS
Blue: It is used to recover the vapors during Loading: It allows vapor recovery below 10K.
Note: 325 HV 495 allows maintaining the Loading Line cold under any conditions. Ref. Chapter: LHe Storage Connection.

11.2.3 Vapor Return : DIRTY TRUCKS
Brown: It is designed to recover the vapors from Dirty or Undefined trailers (During Analysis).

Note: This line can also be used to depressurize LHe Storages to gas bag, while the Liquefier is stopped. Ref. Chapters: Pressurization and LHe Storage Connection.
11.3 G810 - VAPOR RETURN: Cool-Down Line Sequence
RESET G810 IF “VAPOR RETURN AUTO” OFF OR G300 - STEP 0
	0
	

	(100
	- AND
	- “VAPOR RETURN AUTO” REQUEST by OPERATOR
- G300 - FINAL STEP – LIQUEFIER COOL-DOWN

	100
	300K VAPOR
/ 300 to 100K

	
	· CLOSE 
324 HV 811 WITH RAMP 1.0%/Sec
/ 10K Port

· CLOSE 
324 HV 812 WITH RAMP 1.0%/Sec 
/ 20K Port

· CLOSE 
324 HV 813 WITH RAMP 1.0%/Sec 
/ 100K Port

· OPEN 
324 HV 814 WITH RAMP 2.0%/Sec
/ 300K Port

	110(
	
	 - 324 TT 810 < 100K

	110
	· CLOSE 324 HV 814 WITH RAMP 1.0%/Sec

	200(
	- OR
	· 324 PT 810 > 324 PT 048 – 0,025 Bar

· 324 HV 814 <10%

	200
	100K VAPOR
/ 100 to 20K

	
	· CLOSE 
324 HV 811 WITH RAMP 1.0%/Sec
/ 10K Port

· CLOSE 
324 HV 812 WITH RAMP 1.0%/Sec 
/ 20K Port

· OPEN 
324 HV 813 WITH RAMP 2.0%/Sec 
/ 100K Port

· CLOSE 
324 HV 814 WITH RAMP 1.0%/Sec
/ 300K Port

	210(
	- OR
	· 324 TT 810 > 110K

· 324 TT 810 < 20K

	210
	· CLOSE 324 HV 813 WITH RAMP 1.0%/Sec

	220(
	- OR
	· 324 PT 810 > 324 PT 048 – 0,025 Bar

· 324 HV 813 <10%

	220
	SYNCHRO

	(300
	 - 324 TT 810 < 20K
	(200
	· 324 TT 810 < 110K

· - 324 TT 810 > 20K
	(100
	· 324 TT 810 > 110K


	300
	20K VAPOR
/ 20 to 10K

	
	· CLOSE
324 HV 811 WITH RAMP 1.0%/Sec
/ 10K Port

· OPEN
324 HV 812 WITH RAMP 2.0%/Sec 
/ 20K Port

· CLOSE 
324 HV 813 WITH RAMP 1.0%/Sec 
/ 100K Port

· CLOSE 
324 HV 814 WITH RAMP 1.0%/Sec
/ 300K Port

	310(
	- OR
	· 324 TT 810 > 22K

· 324 TT 810 < 10K

	310
	· CLOSE 324 HV 812 WITH RAMP 1.0%/Sec

	320(
	- OR
	· 324 PT 810 > 324 PT 048 – 0,025 Bar

· 324 HV 812 <10%

	320
	SYNCHRO

	(400
	 - 324 TT 810 < 10K
	(300
	AND
	· 324 TT 810 > 10K

· 324 TT 810 < 22K
	(200
	- 324 TT 810 > 22K

	400
	10K VAPOR
/ 20 to 10K

	
	· OPEN 
324 HV 811 WITH RAMP 2.0%/Sec
/ 10K Port

· CLOSE 
324 HV 812 WITH RAMP 1.0%/Sec 
/ 20K Port

· CLOSE 
324 HV 813 WITH RAMP 1.0%/Sec 
/ 100K Port

· CLOSE 
324 HV 814 WITH RAMP 1.0%/Sec
/ 300K Port

	410(
	
	· 324 TT 810 > 12K

	410
	· CLOSE 324 HV 811 WITH RAMP 1.0%/Sec

	420(
	- OR
	· 324 PT 810 > 324 PT 048 – 0,025 Bar

· 324 HV 811 <10%

	420
	SYNCHRO

	(400
	 - 324 TT 810 < 10K
	(300
	- AND
	· 324 TT 810 > 10K

· 324 TT 810 < 22K
	(200
	- 324 TT 810 > 22K


11.4 G820 - VAPOR RETURN: Loading Line Sequence
RESET G820 IF “VAPOR RETURN AUTO” OFF OR G300 - STEP 0
	0
	

	(100
	- AND
	- OPERATOR: VAPOR RETURN AUTO REQUEST
- G300 - FINAL STEP – LIQUEFIER COOL-DOWN

	100
	300K VAPOR
/ 300 to 100K

	
	· CLOSE 
324 HV 821 WITH RAMP 1.0%/Sec
/ 10K Port

· OPEN 
324 HV 824 WITH RAMP 2.0%/Sec
/ 300K Port

	110(
	
	 - 324 TT 820 < 10K (1)

	110
	· CLOSE 324 HV 824 WITH RAMP 1.0%/Sec

	120(
	- OR
	· 324 PT 820 > 324 PT 048 – 0,025 Bar

· 324 HV 824 <10%

	120
	SYNCHRO

	(200
	 - 324 TT 820 <12K
	
	
	(100
	- 324 TT 820 > 12K

	200
	10K VAPOR
/ 100 to 20K

	
	· OPEN 
324 HV 821 WITH RAMP 2.0%/Sec
/ 10K Port

· CLOSE 
324 HV 824 WITH RAMP 1.0%/Sec
/ 300K Port

	210(
	
	· 324 TT 820 > 12K(1)

	210
	· CLOSE 324 HV 821 WITH RAMP 1.0%/Sec

	220(
	- OR
	· 324 PT 820 > 324 PT 048 – 0,025 Bar

· 324 HV 821 <10%

	220
	SYNCHRO

	(100
	 - 324 TT 820 >12K(1)
	
	
	(200
	- ELSE


Note (1): The 10K Port is connected once the vapor temperature is below 10K and remains connected as long as the vapors temperature remains below 12K. this two value can be adjusted to higher values to avoid frequent closing / opening of 324 HV 821 and 824.
12 LIQUID HELIUM LOADING
Loading Procedures are described in details in C1192 NT 116 – He2-V-007-A-096 – Loading Procedures.

12.1 G121 - LIQUID HELIUM DISTRIBUTION: PFD

12.1.1 PFD: Mobil Container Loading
On the HMI a screen is dedicated to each Loading Bay, and shows all valves related to the bay operation.
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12.2 G121 - LIQUID HELIUM DISTRIBUTION: Loading - Target Weight
In Normal Operation, the Flow to the Truck is about 225 g/s (325 FT 121), and the accumulation of Helium is about 190 g/s, i.e. 675 kg/h. The Function Target Weight available on each of the 4 Hellium Bays, allows the operator to pre-determine the mass of Helium to be loaded in Truck.

The Loading will be stopped slowly by the G121 - Target Weight Sequence, to avoid Liquefier Up-Sets.

[image: image83.emf]HV 121

F

FT 121

P

PT 121

LIQUEFIER

P

PT 029

PV 101

LIQUEFIER

P

PT 111

L

LT 111

W

WT 111

W

WT 420

T

TT 101

TARGET WEIGHT


	0
	

	(010
	- AND
	- TARGET WEIGHT ENTERED BY OPERATOR ON MASTER K LOADING SCALE
- TARGET WEIGHT - 325 WT 120 < 200kg (1)
/ 200kg ( about to 10 min of Load.
- 325 HV 121 OPENING > 0% 
/ Order to 325 HV 121 = 0%

	010
	SLOW DOWN LOADING

	
	· SET 325 HV 121 TO AUTO
/ Bay LHe Loading Valve
· CLOSE 
325 HV 121 @ 5% (1) WITH RAMP 0.01%/Sec (1)

	(020
	- OR
	- 325 FT 121 < 50 g/s 
(1)
/ Flow to Truck (Load = 300kg/h)

- 325 HV 121 < 10% 
(1)
- TARGET WEIGHT - 325 WT 120 ≤ 20 kg (1)

	020
	· WAIT
/ Flow is stabilized

	(030
	
	- TARGET WEIGHT - 325 WT 120 ≤ 20 kg (1)


	030
	· CLOSE 
325 HV 121 TO 5% (1) WITH RAMP 0.1%/Sec (1)

	(040
	
	- TARGET WEIGHT - 325 WT 120 ≤ 0 kg (1)


	040
	STOP LOADING

	
	· CLOSE 
325 HV 121 WITH RAMP 1%/Sec (1)
/ 10K Port

	0(
	
	 - 325 HV 121 CLOSED
/ Order to 325 HV 121 = 0%


(1) Indicative Values: Values to be adjusted on Site.
Note: Smooth Connection / Disconnection of the Truck is required for stable operation of the Liquefier.
Note: The Vapor Return Line (325 HV 127, 128, 129,) shall be closed by the operator from the DCS.
Note: The weight signal definition is 20kg.

12.3 G121 - LIQUID HELIUM DISTRIBUTION: Loading Procedure

Note: The following procedure is manual.
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Note: Details are given in C1192 NT 116 – He2-V-007-A-014: Units 324 & 325: Loading Procedures
13 LIQUID NITROGEN DISTRIBUTION

13.1 LIQUID NITROGEN DISTRIBUTION: PFD
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The liquid nitrogen supplied by the Air Separation Unit is used to:

· Maintain the level of the storage (325T001A/B/C/D) thermal shield

· Fill up the each mobile container thermal shield capacity (1600L).

13.2 325 LT 600: Phase Separator Level

325 LT 600 is installed on a 1080 mm Vessel and DP = 85mbar corresponds to 100% Level, i.e. 1080mm.
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13.3 325 LC 600: Phase Separator Level Regulation 

325 LV 600 is a 1’’ =% Control Valve with a Max CV of 10,3. Ref. C1192 DS 122.

The estimated consumption each storage tank screen is around 122 L/day each. Thus, total estimated consumption for the 4 storages is around ~20L/h, which is a small flow in comparison with the valve capacity, which is able to control a minimum flow of 60L/h.

324 LV 600 will maintain the level between 2 Values (20% and 70%), and will also maintain the temperature 325 TT 600, to maintain the line under cold conditions. In any case, it will close in case of over pressure (>1.8 Bara*) or overfill (>90%*).

When set in Auto Mode, the valve is control by the following conditions:

	 325 LV 600

	 325 PT 609
<
~ 1.8 bar abs*
Pressure Max
	(
	AND   (
	OPEN 325 LV600 ~ 10% *
With RAMP 0.5% /sec

By Default, 325 LV 600 is Closed

	 325 LT 600
<
~90%*
Safety Level
	(
	
	

	
	
	

	 325 LT 600
<
~20%*
Minimum Level
	(
	(
SET
	OR   (
	
	

	 325 LT 600
>
~70%*
Maximum Level
	(
	(
RESET
	
	
	

	
	
	
	

	 325 TT 600
>
~100K*
High Temperature 
	(
	(
SET
	
	
	

	 325 TT 600
<
~80K*
Temperature OK
	(
	(
RESET
	
	
	


* Indicative Values: Accessible from HMI, to be adjusted during commissioning.
13.4 325 PC 609: Phase Separator Pressure Control
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325 PV 609  is a 1/2’’ =% Control Valve with a Max CV of 2,7. Ref. C1192 DS 122.

	325 PC 609
	Object :
	325 V 006 Pressure

	
	Actuator :
	325 PV 609

	
	Process Value:
	325°PT 609

	
	Set Point :
	~1.6 Bara* 

	
	Action :
	Direct


* Indicative Values: Accessible from DCS.

13.5 325 TC 579: Lower Deck Nitrogen Shield Regulation

In order to keep the nitrogen line cold, a flow if forced according to temperature value as following:
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	 325 TV 579

	 325 TT 579
>
~100K*
High Temperature 
	(
	(
SET
	OPEN ~10%*
RAMP*

	 325 TT 579
<
~80K*
Temperature OK
	(
	(
RESET
	


* Indicative Values: Accessible from HMI, to be adjusted during commissioning.
Note: By Default 325 TV 579 is closed.
14 LIQUEFIER: insulation vacuum

14.1 G900 - VACUUM INSULATION: Pre-Requisites

324 MV 950 shall be open to allow pumping of the Liquefier Vacuum Vessel and Distribution Lines.

WARNING: NO DIFFERENTIAL PRESSURE ON 324 MV 950 BEFORE OPENING.
14.2 G900 - VACUUM INSULATION: Principle
A single Vacuum Group is provided for the entire unit
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Note : 324 XV 957 (SECUVAC) is designed to avoid backflow from atmosphere to the cold box vacuum shell. It is not hardwired and is controled by the DCS.
14.3 G900 - VACUUM INSULATION: Start & Stop Sequence

	0
	Vacuum Group Stopped

	( 100
	- AND
	- DCS / Operator ORDER: “CB VACUUM: START”

- 324 P001 & P 002: 
STOPPED

- 324 XV 950, 955, 959: 
CLOSED

	100
	START PRIMARY VACUUM PUMP: 324 P 002

	
	The primary pump is started and pumps the volume of the secondary pump.
· START: 
324 P 002
/ Primary Vacuum Pump
· OPEN: 
324 XV 957
/ Isolation of P002
· OPEN: 
324 XV 959
/ Between P001 & P002
· START: 
TIMER


	( 110
	- OR
	- 324 PT 959 < 324 PT 950
- 324 PT 959 < 10-2 mbar
	( 15
	
	- TIMER > 30 Min.

	
	
	
	15
	· - DISPLAY:
“VACUUM GROUP: ERROR / STOP”
· STOP: 
324 P 002
· OPEN: 
324 XV 957
/ Isolation of P002
· OPEN: 
324 XV 959

	
	
	
	( 0
	- Operator Acknowledgment

	110
	The primary pump is connected to the Cold Box Chamber Vacuum.
· OPEN: 
324 XV 955
/ Between P001 & CB Vac.

	( 200
	- 324 PT 950 < 10-1 mbar

	200
	START SECONDARY VACUUM PUMP: 324 P 001

	
	The Secondary Pump is started once the pressure is below 10-1 mbar.

· START: 
324 P 001

	(210
	- 324 PT 950 < 10-2mbar

	210
	The Secondary Pump is started once the pressure is below 10-2 mbar.
· OPEN: 
324 XV 950
/ Between P002 & CB Vac.
· CLOSE: 
324 XV 955
/ Between P001 & CB Vac.

	( 300
	- 324 PT 950 < 10-3mbar

	300
	NOMINAL STEP

	
	The Primary and Secondary Pump are operated and connected to the cold box.

	( 400
	- VACUUM GROUP STOP
	( 500
	- VACUUM GROUP TRIP


	400
	STOP: INITIAL
/ STOP CAN BE REQUESTED FROMA ANY STEP

	
	· STOP
324 P 001
/ Oil Diffusion Pump
· CLOSE 
324 XV 950
/ Isolation of Cold Box P001
· CLOSE 
324 XV 955
/ Isolation of Cold Box P002
Note: the cold Box is isolated from the vacuum group.

	(500
	- OR
	- 324 XV 950 
CLOSED

- 324 XV 955 
CLOSED

- TIMER 400 = 60 sec

	500
	STOP: FINAL


	
	( FROM TRIP

· STOP 
324 P 001
/ Oil Diffusion Pump
· STOP 
324 P 002
/ Primary Vacuum Pump
· CLOSE 
324 XV 950
/ Isolation of Cold Box P001
· CLOSE 
324 XV 955
/ Isolation of Cold Box P002
· CLOSE 
324 XV 957
/ Isolation of P002 (SECUVAC)
· CLOSE 
324 XV 959
/ P002 to P001

	(0
	- AND
	- 324 P 001 
STOPPED

- 324 P 002 
STOPPED

- 324 XV 950 
CLOSED

- 324 XV 955 
CLOSED

- 324 XV 959 
CLOSED


Note: A Stop Request can be requested at any step of the Sequence. If a stop is requested, GOTO STEP 400.

Note: In case of TRIP ( GOTO STEP 500.

15 LIQUEFIER: ANALYSER

Note: Ref. PID: HE2-D-320-1225-214.
15.1 ANALYSER: PFD
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15.2 ANALYSER: Principle

A unique analyzer is used for monitoring the gas quality in the liquefier circuits. The analyzer is connected to 6 Analysis Points on the Compressor Station discharge and on the Liquefier Adsorbers:
· Compressor Station to T1&2 (Cycle Gas isolated stream from PSA)

· Compressor Station to T1&2 (Cycle Gas mixed stream from PSA)

· Adsorbers 80K and 20K

Once the analyzer sequence is initiated, the analyzer will scan successively each of the analysis points. An analysis will be performed if the analysis point is ready, i.e. if the pressure is sufficient for analysis.
After each Measurement, a copy of the measure is displayed next to the Analysis Point, and a timer is started, to indicate the time elapsed since the last measure. (Exemple: Ne: 8 ppm time elapsed: 7 min).
15.3 ANALYSER: Sequence
For coding: ref. FLD provided by ALE.
	0
	

	( 010
	AND
	- Operator ORDER: “ANALYZER AUTO MODE”

- 320 XA 710: NO FAULT
/ ANALYZER READY

	010
	ANALYZER RESET

	
	· SET 320 AY 710 A, B, C, D, E, F IN DEFAULT POSITION

	( 100
	- 320 AY 710 A, B, C, D, E, F IN DEFAULT POSITION

	100
	AP 010: GAS TO TURBINE 1&2

	
	· IF 323 PT 810 > 16 Bara CONNECT  323 AP 010

Note: After Analysis, the Measurement will be displayed on the mimics next to the analysis point.

	( 200
	OR
	- 323 PT 810 < 16 Bara & ANALYSIS NOT IN PROGRESS
- ANALYSIS COMPLETED

	200
	AP 020: GAS TO TURBINE 3, 4, 5, 6

	
	· IF 323 PT 807 > 16 Bara CONNECT  323 AP 020

Note: After Analysis, the Measurement will be displayed on the mimics next to the analysis point.

	( 300
	OR
	- 323 PT 807 < 16 Bara & ANALYSIS NOT IN PROGRESS
- ANALYSIS COMPLETED

	300
	AP 710: 80K ADSORBER - 710

	
	· IF 323 PT 712 > 16 Bara CONNECT  323 AP 710
Note: After Analysis, the Measurement will be displayed on the mimics next to the analysis point.

	( 400
	OR
	- 323 PT 712 < 16 Bara & ANALYSIS NOT IN PROGRESS
- ANALYSIS COMPLETED

	400
	AP 720: 80K ADSORBER - 720

	
	· IF 323 PT 722 > 16 Bara CONNECT  323 AP 720
Note: After Analysis, the Measurement will be displayed on the mimics next to the analysis point.

	( 500
	OR
	- 323 PT 722 < 16 Bara & ANALYSIS NOT IN PROGRESS
- ANALYSIS COMPLETED

	500
	AP 730: 20K ADSORBER - 730

	
	· IF 323 PT 732 > 16 Bara CONNECT  323 AP 730
Note: After Analysis, the Measurement will be displayed on the mimics next to the analysis point.

	( 600
	OR
	- 323 PT 732 < 16 Bara & ANALYSIS NOT IN PROGRESS
- ANALYSIS COMPLETED

	600
	AP 740: 20K ADSORBER - 740

	
	· IF 323 PT 742 > 16 Bara CONNECT  323 AP 740
Note: After Analysis, the Measurement will be displayed on the mimics next to the analysis point.

	( 100
	OR
	- 323 PT 742 < 16 Bara & ANALYSIS NOT IN PROGRESS
- ANALYSIS COMPLETED


Note: At any time, the operator can stop the analyzer sequence. The sequence will be reset and all valves will return in their default position.
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