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The 4 Loading Bays of unit 325 allows the conditioning, cooling down and
filling of helium mobile containers.
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Unit 325 Building :

Nitrogen Distribution

LN2: Shield

LN2 Phase Separator|

LN2: P Control

LN2: L Control
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Unit 325 : Storages

Storage (CRYO-AB PID)

NNNNN

ssssss
b

vavava

=p: ©.3” GHe outlet
f—DPT
- 1" Filling
© 2" Withdrawal
= 1” LIN
Some Figures
Capacity 33 800 Gal 128 m3
Net Cold Capacity 32 000 Gal 121 m3
Gross Weight (LHe + LN2) 50 146 Lbs 58 500 kg
Weight Empty 97 000 Lbs 44 000 kg
LHe Weight 32 000 Lbs 14 500 kg
Dimensions 72'x @11'6"| 22m x @3,5m
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Unit 325 : Mobile Dewars

Typical Container

T Ty T '___L]MF'CWAINH'l
| SET: 0.5 barg :

325-FH-321 | N

\\ V5 325-FH-359
2" Dec] !MI——} 1”
LHe Inlet ! | \ore @ NoTES |
2 GNI Outlet
NOTE5 . V6 | 305-FH-351
111
i NOTE 4
-I_-_- /\ A\ - | LIN Inlet
Capacity 11 000 Gal 41,64 m3
Net Cold Capacity 10 900 Gal 41,26 m3
LN2 Capacity 327 Gal 1,24 m3
Gross Weight (LHe + LN2) 50 146 Gal 22 746 kg
Weight Empty 36 600 Lbs 16 601 kg
LHe Weight 11 020 Lbs 5 000kg
LN2 Weight 2 200 Lbs 1000 kg
Dimensions 40'x 8'x 8%6"| 12m x 2,4m x 2,6m
Cryogenics l
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Unit 325 : PID

m The 4 Loading Bays of unit 325 allows the conditioning, cooling down and
filling of helium mobile containers.
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Unit 325 : Simplified PFD

_ . g . Feed + P From ~245 g/s
Feed 7<S—> Purification
P=15bara
T - 101038°C P Erom 321K 001 A/B 400m3@18b ~ 1T (2'000 Ibs) Buffer
He 8% - AP =1 bar ~ 60 kg T
o~ . (] - i _—~
CH, 2% (AP =14.5 Psi ~ 130 Ibs) 0
Hy ~1%
V824
{Gas Bag - e VO E
H H 920 g/s 3850 g/s
320 K 001 A/B : :
1400m3~0.25T 16g/s (325 Nm3/h) grones ......... Hvgl4: ol 300k
= >
| | | | Ji CXICU CRCREE HV813 ... » 100K
[ - o - : HV812
..... .u crenrerrasrn 20K
ot o 2o 1ot b VL,
;HV821| Pl 10K
i
4x120=440m3 ==
4x15~60T PV049 Y
I
~15T - L S
421 321 221 121
O o ]
| | | |
O o
| | | | | | |
(2 =
429 428 427 329 §X32 327 229 228 227 129 128
42m3@4.5~5T
~5T
e [ [ [y
. (1] (1] (1] (1]
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Unit 325 : Simplified PFD

m The 4 Loading Bays of unit 325 allows the conditioning, cooling down and
filling of helium mobile containers.

Cool Down Line *
FELTTT-TTYPPRTTPPPRITPRPRRAPRTT =) FYPPREPPPPPPRC R PR EETTS =
Recovers Vapour from 300 K to 5K R 300K
Pulling or Cool-Down Flow From containers. P 325 HV 814
FE: 811, 812, 813: ~ 40g/s P %
....................................................... ’ lOOK
325 HV 813
..... N N
FE: 821: ~ up to 105g/s : 325 HV 812
Loading of up to 3 Containers. | i - B S TR 10K
325 HV 811

325 HV 821

FE: 620: ~ 40g/s A
During Pulling FE: 049: up-to 280g/s
o I : ~
N = N N
— H — . —
> s> S
T T T
€:%:4%: 4
N a N
™ = ™ ™
. . H : FE: 121: up-to 250g/s
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Unit 325 — Simplified PFD Loading Bay

P | Gas Bag >
PRV %03 | Cool Down >

s Lot

LIN

HV x26

PRV x21
PRV x29  PRVX70

HV x21
HV x29
HV x28
HV x27
HV x70

MV x35

! I
I I
I I
I I
! I
| GasBag e ><]}— I
| MV x32 I I
> < I 1
| -
| 1
| MV x31
| GHE Utility ——>< s : | _|VALVE 13_0_)(_ _______ L
1 MV x33 @ I
I <] | ><]
! MV x34 I
: atm | s
| ! § \ 4
|
1 I V22 ;
I I V3 V6 Vo S
I I
|
[ | V1 uiAIR LIQUIDE
I WARM PANEL : =W\
V20
c’yo-ger"cs e i ; ; i | AIR LIQUIDE
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Unit 325 : Conditioning Panel Simplified PFD

m Conditioning Panel

| PRVx31 1
! :
|

|
! I
1 MV x35 I
I Gas Bag < {><} |
: MV x32 I
| —]><] &< He Filling Line >
1 MV x31 :
I GHE Utility = >< et |
1 MV x33 @ I
1 e ><] < GHe Return Line>
! MV x34 |
: atm I
! I
! I
|

|
! I
! J
|
I WARM PANEL |

Qf’/
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Course Agenda

m Unit 325 Building : He and LN, Distribution

m Unit 325 PID & Simplified PFD
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Loading Sequences - Chart

IP: INITIAL PREPATION

Initial Preparation

mF Flush (Purge) o>

mP ; Pressure Pulling
m C&K: Cool Down
YES TARE 1

P< 3psi ?

P: PRESSURE PULLING

mS ; Soaking

C&K: COOL-DOWN
Loading Soaking Helium

NQ Target Weight ?

ig
YES

! LN: LIN FILLING

S: SOAKING

Soaking Time
2

YES

mL ; Loading
m LN LIN Filling

m FP Final Preparation

K: COOLING
L: LOADING

FINAL WEIGHT

FP: FINAL PREPATION |

Cryogenics |
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Loading Sequences — IP : Initial Preparation

: Flush CP1 & CP2

B Remove the caps on the bayonets

CP-1 and CP-3 GHe Outlet <
B  Purge the LHe inlet connection:
Open & Close V1 LHe Intlet §p»
B Purge the GHe outlet connection:

Open & Close V3 : S .
| Liquid He INLET Valve & Port: V1 & CP1

/\ CAUTION :
Do not stand in front of CP1 & CP3

( Cold gas venting )

Set a safety area at the rear of
container

Cryogenics |
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Loading Sequences — IP : Initial Preparation

m IP: Connect He hoses

O Hose 325FHx21 is connected to
CP1 - Liquid Helium loading hose

B Hose 325FHx29 is connected to
CP3 — Gaseous Helium return hose

«{ Gaseous N2 OUTLET Valve & Port: V5 & CP9

MAXIMUM LIN FILL PRE PHESS. 35PSIG

.. MAX.ALLOW WORKINGLIN PRESS: 6 PSIG
HELIUM VESSEL MUST BE COOLED

m IP: Connect N, hoses

o Hose 325FHx51 is connected to CP8
— Liquid nitrogen loading hose

B Hose 325FHx59 is connected to CP9
— Gaseous nitrogen return hose

Air Liquide, world leader in gases for industry, he  alth and the environment A|R LIQUIDE
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Loading Sequences — IP : Initial Preparation

m |P: Purge He Hoses
/N\ CAUTION : V1 & V3 are closed.

o Depressurize the Feed and Return

Helium hoses: Use V20 and V22
O Close V20 & V22

m IP : Connect Hose to Panel

B Open 325 MV x32: LHe Filling Line

o Open 325 MV x33: GHe Return

Connect Hose To Panel

PRVX03

-
ke S
1
! |
1
|
| PRV2LS | 3 ] S : PRVX70
i > B
i I I Tl
|
|
\

Line

________________________

l
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Loading Sequences — IP : Initial Preparation

mIP:
o

mIP:

/\ CAUTION : V1 & V3 are closed.

Pressurize Lines

Pressurize Hose: Open by 325 MV x31
> 325 PT x29 & 325 PT x21= 4 bar abs (~45 PSIg)
Stop Pressurization: Close 325 MV x31

Depressurize Lines

Vent Hose : Open by 325 MV x35
> 325 PT x29 AND 325 PT x21= 1 bar abs (~15 PSIg)

Stop Venting : Close 325 MV x35

m Repeat 10 times

Cryogenics
Lurgi
Zimmer

Close Vent & Pressurization Valves:
325 MV x31 & 325 MV x35

Close Connection to Panel:
325 MV x32 & 325 MV x33

to Gas Bag (1 Atm)
1 PRVx31 :
1 1 PRVx21 !
1 1 |
1 1 |
|

MVx03

MVx31 Pressurization PRVX03
to 4 bar abs (45 PSlg)

MVx35 De-Pressurization PRVX03

18 |
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Loading Sequences — IP : Initial Preparation

m |IP: Loading Position

o Switch 325 HS X25 to LOAD POSITION:
Bay Automatic Valves can now be open.
(325 HV X21, X26, X27, X28, X29, X70)

B Proceed with TARE O (if not from Soaking)

m |IP: Contaminants Analysis

(if not comming from soaking)
B Connect Vapor Return Line: Open slowly V3
> Check & Write down the pressure on 325 PT x29

B Open Slowly valve to Gas Bag (325 HV x29)
- Check & Write down the temperature 325 TT x29 .
@ Line up high range analyzer and moisture analyzer . , ’ T
> If contaminants < 200 ppm, line-up low range analyzer ! j% SO I 60 ED €D €
> Check & Write down Analysis Measurements o we (D]
o Close Bay Vapor Valve to Gas Bag (325 HV x29) fore !i
H , D><
o Disconnect Container Vapor Return Line:  Close: V3 N i
: ' —
i 5 FEE
T Rl |
Cryogenics [
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Loading Sequences — F : Flushing

In case of a warm and dirty _mobile container(>200ppm), flushing is required.

m F: Connect Truck To Bay Panel

Open Container Valves:

Open Panel Valves:

m F: Depressurize Truck

Open 325 MV x35

> 325 PT x29 AND 325 PT x21 < 1.2 bar abs (18 PSIg)

Close 325 MV x35

m F : Pressurize Truck

B Open 325 MV x31
> 325 PT x29 AND 325 PT x21= 4 bar abs (45 PSIg)
o Close 325 MV x31
m F:Repeat 10 Times i
o Close Container Valves: V1&V3 P o gy — . —R- Lot
o Close Panel Valves: 325 MV X32 & 325 MV X33 D j% e Q&
o Close Panel Valves: 325 MV X31 & 325 MV X35 ; e HED O T &
O Return to Analysis S )
e
Note: Pulling with a vacuum group would also allow removing efficiently i—----;lgxi;,e;;a;e,----‘;

impurities. Such method could be proposed during the performance and/or

later on during operation.

Cryogenics
Lurgi
Zimmer

V1&V3

(V20 & V22 are Closed)

325 MV X32 & 325 MV X33 oo P SaR ; %ﬁ
I
E Gas B g«—@— @ i :
e

________________________
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Loading Sequences — F : Flushing

Remark : Flushing by pressurization / depressurization, allows in theory to divide the pollution content as following :
Nevertheless, in practice more pressurization could be necessary to obtain a good purity !
That is why we have considered up to 10 cycles.

Flushing
[Mobile Dewar Capacity | 11 000 Gal| 41,64 m3|
Temperature 40,0C
Low Pressure 1,15 bar Rho Mass
High Pressure 4,00 bar 0,18 kg/m3 7,36 kg
Pressure Ratio 3,5 0,58 kg/m3| 24,03 kg
Initial State (ppm) 200,000 ppm| 10 000,000 ppm
Initial State (%) 0,020% 1% GAS NEEDED

0,00 kg| 0,00 Nm3
Cycle 1 57,500 ppm| 2 875,000 ppm 16,67 kg| 2,93 Nm3
Cycle 2 16,531 ppm 826,563 ppm 33,34 kg| 5,87 Nm3
Cycle 3 4,753 ppm 237,637 ppm 50,01 kg| 8,80 Nm3
Cycle 4 1,366 ppm 68,321 ppm 66,69 kg| 11,74 Nm3
Cycle 5 0,393 ppm 19,642 ppm 83,36 kg| 14,67 Nm3
Cycle 6 0,113 ppm 5,647 ppm 100,03 kg| 17,60 Nm3
Cycle 7 0,032 ppm 1,624 ppm 116,70 kg| 20,54 Nm3
Cycle 8 0,009 ppm 0,467 ppm 133,37 kg| 23,47 Nm3
Cycle 9 0,003 ppm 0,134 ppm 150,04 kg| 26,41 Nm3
Cycle 10 0,001 ppm 0,039 ppm 166,71 kg| 29,34 Nm3

Pulling with a vacuum group would also allow removing efficiently impurities. Such method could be proposed during the
performance and/or later on during operation.
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Loading Sequences — LN : LIN Filling

In case of clean and cold container, the liquid nitrogen filling is

performed at the beginning of the procedure, whereas incaseofa a2 A N
warm mobile container, it should be performed after cool down of 'gi 3| ekd eyt Dy
inner vessel. RIS 2 z?;

|

mLN : LN2 Hose Cool-Down
B Open 325 HV x70to ~ 30 %
o Open 325 MV x71

mLN : LN2 FILLING

> When the line in the stone pit is frozen the filling of the
nitrogen shield can start. Capacity ~330 Gal (1240 L)

B Reduce opening of 325 HVx70 to ~ 10 %
B Open GN2 Vapor Line (V5 : shield outlet)
> When V5 fully open:
o <Close 325 MV x71
o <Open Slowly LN2 Filling Line ( V6 : shield inlet)
/N WARNING: Keep LN2 Pressure below 3 PSlg.

> When liquid goes out from V9 (visible in stone pit) then
filling is completed.

o Close 325 HV x70, V6, V9
o Purge LN2 Filling Hose using 325 MV X71
o Remove N2 Hoses

Cryogeni®  Close 325 MV X71 ©» 00

Lurgi | Air Liquide, world leader in gases for industry, he alth and the environment
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Loading Sequences — P : Pressure Pulling

m P : Pressure Pulling E N 1
- . - . . MVx03 g} I
An incoming Mobile Dewar usually arrives with a pressure
above 3 psig. Depressurization is thus necessary before ) - |-ng
connecting it to the liquefier. | e !
\H{; VV§ VNH{;

B Open Container He Vapor Line (V3)

B Open Slowly Valve to Gas Bag (HV x29)

B Adjust 325 HV 129 to keep 325PT449 < ~1,1 bars abs
o Adjust 325 HV 129 to keep 320 FE 620 < ~ 40 g/s

Nota: The Gas is sent to the Gas Bags. In case of full Gas
Bags, the 320XV601 is open, GHe is vent to atmosphere.

Nota: If the pressure in the Line to the Gasbags increases, 325 &=
PV 619 will automatically open.

> Pressure Pulling completed when :
325 PT x29 < 1,2 bar abs (15 PSIg)
o Close 325 HV x29

Cryogenics [
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Loading Sequences — C: Cool Down

IF CONTAINER WARM: Temperature > 80K. @
C . LHe Filling Hose Cooling %
o Truck Inlet connection valve is closed (V1) A T&m T

Open Truck Inlet purge Valve (V20) 516 |
Open LHe Loading Valve (HVx21) ~ 20% -
Cool Down Valve (HVx26) ~ 50%

Hveel: 2
>
&
2

> Wait ~10 minutes Valve (HVx26)
B Close HVx21, HVx26 & V20

N |l 7
OPEN V20 to Cool-Down HOSE

GHe Outlet mp GN2 Outlet

LHe Intlet = LN2 Intlet

Cryogenics [
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Loading Sequences — C: Cool Down

IF CONTAINER Warm: Temperature > 80K.
INWARNING: According to Gardner Documentation.

-In case of initial cooling, the inner vessel has to be cool down before the nitrogen shield, at
least while T>140 K. orvios

-During cool down the internal pressure in the reservoir and shield circuit has to be at least % ]

70 mbar (1 PSIg), if necessary a nitrogen gas cylinder connected to the nitrogen vent line
can be used to increase the pressure of the shield.

C : INITIAL COOLING (300K-80K) iﬂ

NOTA : Cooling down of two mobile containers at the same time should be avoided .

During Initial Cool Down, vapors are returned to liquefier by “Cool
Down Line”.

- Container is depressurized : 325 PT x29 < 1,2 bar abs (15 PSIg)
- Purge valves (V20) & (V22) are closed

- Main Inlet and Outlet valves are open (V1) & (V3)
[\ Warning : Line-up vapors to liquefier only when identified as clean

BmOpen 325 HV x28 to send the gas to the cooling line
[\ Warning _: Temperature is higher than 80K, respect a cool do  wn of around 1K/min

B Slowly open 325 HV x21 to cool down at 1K/min (325 TT X29)
o Adjust opening of 325HVx21 to get 325FTx21 ~ 40 g/s

Cryogenics [
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Loading Sequences — K: Cool Down

K : COOLING (80K-5K)

oAdjust Slowly Opening of 325HVx21 to get : )
m 325FTx21 ~ 130 g/s = » T
m 325FT810 ~ 40g/S PRVX03 Gi I D]

L
FE 821 HV 821

When 325 TT x29 ~80K Helium densification occurs and 324 FE 810 << ?:*‘ ;
325 FE x21.

PV 049

- Density Increase: From ~80K to 4.5K, GHe density goes from ~ 1 to
20 kg/m3

- Container Volume: 11,000USGal x 0.0038USGal/m3 = 41m3

-Mass Increase: 41m3 x (20kg/m3 — 1kg/m3) ~ 800kg

-> Liquid Starts to accumulate once the mass increase is higher than

800kg

Vapors returned to the Liquefier Warm Recovery Line  : 810, are

directed to the required port

« FOR WARM CONTAINER
- Stop Cool-Down once Mass increase = 1000kg (i.e. ~ 200kg LHe).
- Send them to SOAKING .
* FOR COLD CONTAINER
- Initial cool-down is completed when 325 TT X29<1 OK.
- Continue with  LOADING Step
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Loading Sequences — L: Loading

L : Loading (5K) e |

Nota: It is likely to always have at least one Container in Loading.

Nota: Up to 3 Containers Loading simultaneously.

Loading will naturally follow cool-down. As soon as the Mobile Container Temperature is Low ‘_E
i

121

As soon as the operator enters the TARGET WEIGHT on MASTER K Weight Scale, the
TARGET WEIGHT Sequence is initiated:

enough, Liquid starts to accumulate and Loading begins. The Flow is adjusted using 325 HV : -— W b

- When TTx29 < 10K
o OPEN SLOWLY 325 HV x27 @ 100%
o CLOSE SLOWLY 325 HV x28 @ 0%
o ADJUST 325 HV x21 to get 325 FT x21 ~ 220 g/s

o ENTER Target Weight on Master K. =
->When target weight is reached 325 HV x21 will close

oCLOSE: 325 HV x27
BCLOSE: V1 and V3 (Trucks valves)
BOPEN: V20 and V22 to purge hoses

=ul 4K Db

mDisconnect Hose and Install Bayonet in Holders.

G121 - BAY A - Target Weight

G221 BAY B Targe Weion

G321 BAY C - Target Weight

(G421-BAY D - Target Weight
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Loading Sequences — FP: Final Preparation

FP : Final Preparation

- When 325 HV x21 is closed

oCLOSE: 325 HV x27
BCLOSE: V1 and V3 (Trucks valves)
BOPEN: V20 and V22 to purge hoses

BSWITCH HS X25 in LOADING READY: NO Position
mDisconnect Hose and Install Bayonet in Holders.

Cryogenics |
Lurgi Air Liquide, world leader in gases for industry, he  alth and the environment AlR LIQUIDE

Zimmer aTeERNescTaaturion:




