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CERN Model of SBND Cryostat Concept

1) Stainless steel primary
membrane

2) Fireproof board (Plywood)

3) Reinforced polyurethane
foam

4) Secondary barrier

V 5) Reinforced polyurethane

foam
6) Plywood board
® 7) Bearing mastic

8) Steel outer support
structure with moisture
barrier

In this detector the TPC hangs from a removable section of Top plate. All cryogenic
connections are on fixed plate section and not required to be disconnected.

2% Fermilab
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SBND Process Flow Diagram and Subsystem Definitions
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From Process Flow Diagram to P&ID

Over the past months, FNAL has used a dedicated drafter for the
development of Process and Instrument Diagrams (P&ID) for both SBN
detector systems.

This is an iterative and collaborative process between CERN, FNAL and
INFN (in the case of the SBN-FD).

These documents are the basis for all discussions related to the modeling
presented here, are integral to the interface documents, and identify the
combinations of valve boxes, transfer lines and warm piping needed for the
Proximity cryogenic deliverables. These P&ID documents have yet to be
signed by all parties.

Instrumentation and controls has been preliminarily shown. CERN is to
deliver Functional Specification for process controls to FNAL which will, in
turn, deliver hardware and PLC software to interface to CERN equipment.

3F Fermilab
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Example of SBND P&ID, Under FNAL Control with CERN Reviewing
Condenser VBox (page 1 Of 4) LN2 Phase Sep VBox

IR

some

i

LAr Ph Sep VBox

LAr Pump VBox
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Cryostat Top Plate and Proximity-Internal Interface
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SBND Interface Documents (FNAL Version)

SBND Interface Control Document

8

April 11, 2016

SBEND INTERFACE POINTS ON P&ID DRAWINGS Pressure Rating, Barg Temperature Flow Rating, kg/s for Connection
{psig) Rating, K liquid and m?/hr for
235
DRAWING {described as provided described as provided by
esign sign nge esign aximum y ermilal
# NUMBER FLUID DESCRIPTION LOCATION TYPE Desi Desi Ral Desi Maxi by CERN) F ilab)
Proximity<- (Type 3) - Inner: 1.5" Inner —1.5" x 0.083" Inner—1.5" x 0.083" w/2.75"
F10041250.1 | GAr >Internal: GAr In the cryostat N o w/2.75" CF Comes from CF. Open to cryostat; no
13 Gas line make-up gt x0.083" w/2.75"CF | 035(5.0) |90 (1323) |&7 85 —311 |>10GAr | 100 GAr CERN pressure tested. pressure test.
F10041250.1 Proximity<- (Type 3) Inner: 15" Inner — 1.5 x 0.083" Ianner— 15" x 0.083" w/2.75
. i GAr >Internal. GAr In the cryostat 0083"w/275"CF | 20(29.4) |90 (1323) |300 85-311 |>0GAr |100Gar | W/Z75"CF Comesfrom Pressure tested at Fermilab on
Gas line CERN pressure tested.
purge gas the bench.
F10041250.1 Proximity<- (Type 3) Inner: 15" x Inner — 1.5 x 0.083" 'C”F"J' 157x0.083" w/2.75
= i GAr ZInternal: GArgas | In the cryostat 0.083" w/2.75" CF 20(204) |90 (1323) |300 87-311 |>10GAr |100Gar | W/275"CF Comesfrom Pressure tested at Fermilab on
Gas line momentum CERN pressure tested.
the bench.
F10041250.1 Proximity=<- (Type 3) Inner: 15" x Inner—1.5" x 0.083" ICnFner— 15" x 0.083" w/2.75
ke i Gar ZInternal: GArgas | In the cryostat 0.083" w/2.75" CF 20(204) |90 (1323 | 300 87-311 |>10GAr |100Gar | W/Z75"CF Comesfrom Pressure tested at Fermilab on
Gas line cooldown CERN pressure tested.
the bench.
Proximity<- " . " " "
F10041250.1 “Internal: NP-03- (Type 1) V1: 3.5"x Inner—1.75" x 0.083" LCnFI'IEI'- 1.75" % 0.083" wy2.75
17 LAr o In the cryostat 0.049" Inner: 1.75" x wf2.75" CF Comes from - .
NP-03-30-A6 30-AB LAr liguid 0.083" w/2.75" CF 20(294) 90 (1323) B7 85 -311 >0.25 LAr | 0.6 LAr CERN pressure tested. tPr::ﬁ;grl'\ecr:zasted at Fermilab on
cooldown Outer: vacuum jacket o
Quter: vacuum jacket
Proximity<- " . .. .. -
F10041250.1 sinternal: NP-03- (Type 1) W): 3.5"x Inner—1.75" x 0.083" Ianner. 175" % 0.083" w/2.75
18 LAr o In the cryostat 0.049" Inner: 1.75" x _ wf2.75" CF Comes from - .
NP-03-30-A0 30-A0 LAr liquid 0.085" w/2.75" CF 20(29.4) |9.0 (1323) |87 85 —311 | »1LAr 3.5 LAr CERN pressure tested, tPr::sb:rr\i r:ested at Fermilab on
distribution - i -
Outer: vacuum jacket Quter: vacuum jacket
Proximity<- " . " n -
F10041250.1 wInternal: NP-03- [Type 1) V): 3.5"x Inner —1.75" x 0.083" Ianner. 175" % 0.083" w/f2.75
19 LAr A In the cryostat 0.049" Inner: 1.75" x w2.75" CF Comes from N "
NP-03-30-A10 30-A10 LAr liquid to 0.083" w/2.75" CF 20(29.4) |9.0 (1323) |87 85 —311 | »013 LAr | 0.3 LAr CERN pressure tested, tpl':zsb;rr\i r:ested at Fermilab on
cold roof Quter: vacuum jacket ) .
— Quter: vacuum jacket
Proximity<- " . " n u
F10041250.1 sInternal: NP-03- (Type 1) W1: 3.5"x Inner —1.75" x 0.083" Ianner. 175" x0.083" w/2.75
110 LAr ) In the cryostat 0.049" Inner: 1.75" x wf2.75" CF Comes from : §
MP-03-30-A9 30-A9 LAr return to 0.083" w/2.75" CF 20(254) 90 (1323) |87 85 —-311 | =0.25LAr | 0.6 LAr CERN pressure tested. tP"::5';:;':2.:":&51ed at Fermilab on
condenser Quter: vacuum jacket R .
Quter: vacuum jacket

This interface document was developed for FNAL internal use and feeds into CERN Interface Document
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Integration for SBND Cryogenics - Cryogenics
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Helicopter View of Cryogenics of ND

LAr FILTRATION
WILL NEED TO BE
EXTERIOR TO
BUILDING — IDEA IS
TO HOUSE AWAY
FROM WEATHER

ARGON
&
LN2
DEWARS

ALLOCATED CONDUIT
FOR TRANSFER LINES
(GREEN)
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ALLOCATED CONDUIT FOR
TRANSFER LINES NOT SHOWN
FOR CLARITY

ALLOCATED
ENVELOPE FOR
VALVE BOXES (RED)

PURITY
MONITORS
LAR CONDENSER
PUMP
SBN {7 & Fermilab
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SBN - FD
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SBN - FD Process Flow Diagram (PFD)
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CERN = Proximity Cryogenics + Internal Cryogenics + Cryostat
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FNAL = External Cryogenics + Process Controls
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SBN - FD Process and Instrument Diagram (P&ID)

W -

| FNAL has drawn
= SBN-FD P&ID on
behalf of our
Collaborators.

Mike Zuckerbrot of
FNAL worked at
CERN for six weeks
assist with drawing
details.
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1 :I.;g: H

_D
| e
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SBN - Interface Documents (

FNAL)

Pressure Rating, Temperature Flow Rating, kg/s Connection
Barg (psig) Rating, K for liquid and
SBNFD INTERFACE POINTS ON P&ID DRAWINGS m*/hr for gas
DRAWING (described as provided described as provided
# per NUMBER FLUID DESCRIPTION LOCATION TYPE Design | Maximum | Design Range Design | Maximum by CERN) by Fermilab)
P&ID
External<->Proximity: On the NP-| Between outside (Fig.1) 2.0 16.0 87 85 —311 | 1.2 2.4 Inner — DN50 sch.10 capped Inner — 2”"NPS sch.10 with
01-30-A9 LAr line between filters FL7100 and Socket (29.4) (235.0) pipe (comes from CERN socket weld by FNAL and
outside filters FL7100 and FL7200| FL7200 and weld pressure tested) pressure test between
1.1 F10041251.1 LAr and filtration skid FL7000 inside. | filtration skid OQuter — DN100 sch.5 capped PVB010A, PV6510A, PV7102A
NP-01-30-A9 FL7000 inside (with vacuum break) and PV7202A via PSVB010A
Quter — 4"NPS sch.5 with
clamshell final weld by FNAL
External<->Proximity: On the NP-| Between PSV-0001N | (Fig.1) 2.0 9.0 77 75 —-311 | 0.75 1.5 Inner — DN50 sch.10 capped Inner — 2"NPS sch.10 with
01-10-N1 LN2 supply line from and FCV-0005N Socket (29.4) (132.3) pipe (comes from CERN socket weld by FNAL and
LN2 supply Dewar TK-0001N to weld pressure tested) pressure test between
31 F10041251.3 | LN2 | N2 Phase separator TK-4000N. Outer — DN100 sch.5 capped FCVOOD1N and FCVOOOSN via
NP-01-10-N1 (with vacuum break) PSVOOO1N
Outer — 4"NPS sch.5 with
clamshell final weld by FNAL
External<->Proximity: On the NP-| Between FCV-0025A | (Fig.1) 2.0 16.0 87 85 —311 | 1.2 2.4 Inner — DN50 sch.10 capped Inner — 2"NPS sch.10 with
01-30-A1 LAr supply line from LAr| and PV-7101A, PV- Socket (29.4) (235.0) pipe (comes from CERN socket weld by FNAL and
Dewar TK-0001A to outside LAr | 7201A weld pressure tested) pressure test between
filtration skids FL-7100A and FL- Outer — DN100 sch.5 capped FCV0025A, HVOD25A,
41 | F10041251.4 | LAr | o500, (with vacuum break) PV7101A, PV7201A and
NP-01-30-A1 PVA4D15A via PSV0025A
Outer — 4”"NPS sch.5 with
clamshell final weld by FNAL
External<->Proximity: On the NP-| Between HV-4020A | Socket 2.0 9.0 460 244 — =10 GAr | 50 GAr Inner — DN25 sch.10 capped Inner — 1”"NPS sch.10 with
GAror 01-70-RB2 GAr line with Ar&H2 | and PV7103A, weld (29.4) (132.3) 500 pipe [comes from CERN socket weld by FNAL and
42 F10041251.4 Gar/H2 for filters regeneration PV7203A, HV-7300A pressure tested) pressure test between HV-
NP-01-70-RB2 4020A and PV7103A.
PV7203A. HV-7300A
External<->Proximity: On the NP-| Between outside (Fig.1) 2.0 16.0 85 77 -311 | 1.2 2.4 Inner — DN50 sch.10 capped Inner — 2”NPS sch.10 with
01-30-Al LAr line between filters FL7100 and Socket (29.4) (235.0) pipe (comes from CERN socket weld by FNAL and
outside filters FL7100 and FL7200| FL7200 and weld pressure tested) pressure test between
4.3 F10041251.4 LAr and filtration skid FL7000 inside | filtration skid Outer — DN100 sch.5 capped PVBE010A, PV6510A, PV7102A
NP-01-30-A1 FL7000 inside (with vacuum break) and PV7202A via PSV6010A
Outer — 4"NPS sch.5 with
clamshell final weld by FNAL

18

Note: Only five interfaces from External Cryo to Proximity.
CERN/INFN is responsible for Proximity and Internal
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Integration for SBN-FD Cryogenics - Cryogenics

AR/H2
HP TRAILER

CRYOGENIC
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SBN
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Integration for SBNFD Cryogenics - Cryogenics

EXTERIOR
FILTERS
CRYOGENIC
TRANSFER
LINES
ALLOCATED
ENVELOPE FOR
CRYOGENICS (BLUE)
SBN (@) £& Fermilab
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Backup Slides
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SBND Interface Control Document

April 11, 2016

Proximity<- y
Outsid stat
s F10041250.1 o >External: GAr to : e cr"’ol a aa) 107 s500at
- Gasline r external pressure abovetopplate | (Type 44) 0.35(5.0) |9.0 (1323) | 300 256 - 311 | desizgn N/A 14" CF 14" CF
relief to PSVB009A pressure
Proximity<- Outsid ctat
1 F10041250.1 oa >Extemal: GAr to ; ' :OCW'JI Ia ar 147 CF S500at
- ) d external pressure | 20CYE WOPPIEtE | (Type 44) 035(5.0) | 9.0 (132.3) | 300 256 —311 | design | N/A 14* CF 147 CF
Gas line P
relief o PSVEROTA pressure
) Inner — 2*NPS sch.10 with
External<- Lines E and M (Fig.1) Inner — 2"NPS Inner — DNSD sch10 4 | socketweld by FNAL and
F10041250.2 >Proximity: Supply (combined) — Pipe sch.10 with socket r!nerc s « -CE;;IJDE pressure test between
- LAr/GAr NP-03-30- weld pipe Lomes from FCV70054, PV70054, PUT030A,
= NP-03.30.A1 LAGAT | 3 srom the dewar | 100 O e LAT 5.0(735) |90 (1323) |93 85 -311 |>30GAr | 150 GAr gr;““m[}t;?;od' s PV70314, FOV52064,
outside the building supply line to LAr Outer — 4"NPS sch.5 _e;d ith e FCVB002A, and misc. valves via
. . filter skids " capped (with vacuum instrumentation port.
to purification with clamshell break)
Duter — 4"NP5 sch.5 with
clamshell final weld by FNAL
External<- At IFLVB filter i
F10041750.2 >Proximity: Supply i } Inner—FJNZS socket Inner — 1"NPS sch_10 with
23 GAr/H2 | GAr/H2 mixture skid valve box - 1" NP5 sch. 10 socket connection to HV7007A socket weld by FNAL and
- Gas line external valve weld 2.0(29.4) 5.0 (1323) 4560 244 - 500 | =10 GAr 50 GAr Comes from CERM pressure | pressure test between
from exvfernal HVTO0TA tested. HV7007A and supply manifold
cryogenics of GArfH2.
External<- At IELVE filter nner — DN25 socket Inner — 1"NPS sch 10 with
>Proximity: Suppl Inner
.- F100412502 iz | ;j:;“"‘fﬂ UPPY | skid valve box- | 17 NPS sch. 10 socket connection to HY71004 socket “":'d ;‘;:g“and
- ) d T/FZ mbure external valve weld 20(20.4) |90 (1323) | 460 244 -500 | >10GAr | 50 GAr Comes from CERN pressure | Floooure I ieen
Gas line from external V71004 tasted. HV7100A and supply manifold
cryogenics of GArfH2.
External<- nner — DNZS sacket Inner — 1"NPS sch 10 with
< Proximity: -
2a | G | oo | e | ¥ PSS 10s0ckes omecton orv2i0 | S ST
) Gas line from external :.'al\re V72108 weld 2.0(29.4) 9.0 (132.3) 450 244 -500 | =10 GAr | 50 GAr Comes from CERN pressure E!WilDA and supply manifold
tested.
cryogenics of GArfH2.
External<-
>Proximity: Supply | At FI7200 filter Inner — DNAD socket Inner —1.5"NPS sch.10 with
F10041250.2 N o —— socket weld by FNAL and
oz A GAr from the dewar | skid - external tee | 1.5 NP5 sch. 10 connection to HV72114A test betw d
i r ressure te: veen we
Gae line outside the building | downstream of socket weld 2.0(29.4) 9.0 (132.3) 300 244 -311 | =40 GAr | 100 GAr Comes from CERN pressure :nd isalation valves supplying
to purification and | valve PV7208A tested. GAr to the cryostat.
cryostat

2% Fermilab
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SBND Interface Control Document

April 11, 2016

External<-
F10041250.2 >Proximity: Supply | At FI7200 filter Inner — DNAO sacket Inner — 1.5"NPS sch.10 with
26 : CAr GAr from the dewar | skid - external tee | 1.5 NP5 sch. 10 connection to HV7211A socket weld by FNAL and
) Gas line outside the building | upstream of valve | socket weld 20(294) 9.0 (1323) 300 244 =311 | =40 GAr 100 GAr Comes from CERN pressure | pressure test between
to purification and HV72114 tested. HV7211A and supply manifold
cryostat of GAr.
Line G - On the i
External<- LNZ supply line | (Fig-1) Inner —2"NPS Inner - DN50 sch.10 capped | 1A0SE~2'NPS sch.10 with
Lo . 5ch.10 with socket — ) socket weld by FNAL and
F10041250.3 >Proximity: Supply (outside] from pipe (comes from CERN
31 LN2 LM2 from the dewar | LN2 supply dewar weld pressure tested) pressure test between
: 20(294) 9.0 (1323) |77 75 -311 | 075LN2 | 15LN2 FCVO101N and FCVA010N via
NP-03-10-N1 outside the building | TK-0SONto N2 | eor avnps sch 5 Outer —DN100 sch.5 PSVA010N
to purification phase separator with damshell capped [with vacuum Duter — 4"NPS sch.5 with
TK-4000N break) clamshell final weld by FNAL
3¢ Fermilab
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Integration for SBND Cryogenics - Cryogenics

Pressure Rating, Temperature Flow Rating, Connection
Barg (psig) Rating, K liter/min for liquid
SBND INTERFACE POINTS ON P&ID DRAWINGS and m¥/hr for gas
DRAWING {described as provided by | described as provided by
# NUMBER FLUID DESCRIPTION LOCATION TYPE Design Design | Range Design | Maximum CERN) Fermilab)
Type 3) - Inner 15 w275 15 -
o |romcmemt e | | Joss oo 5 Femeston e | & o soeonatn
v i the cryosta - :
>
= feoszse e w275 CF so |23 ¥ 311 1oGAT | soear pressure tested pressure test
(Type 3) Inner. Inner —15"x0.083" wy 75" [ 1MSE= 157X 0.083 w/2.75
< - . -
14 F10041250.1 | GAr | Proximityc->internal: GAr purge gas | In'the cryostat 15" xoces 2o, fw | B7 | e | Foometon e o ssure tested st Fermilab on
w/f2.75" CF P the bench
- - . | Inner—15"x0.083" w/2.75"
S P O i TN POV i PO P o Fomeromcem | ’
: I the cryosta x -
momentum . 500 >10GAr | 50GAr Pressure tested at Fermilab on
wi2TS" CF @94 | @a23) 11 pressure tested presurete
oyt G5 g (Type 3) tnner g 15" 20,083 wiz 7s" | 1ORSE 15 X008 W27
16 F10041250.1 GAr Inthe cryostat 15"%0.083" 20 9.0 87 - . CF Comes from CERN
cooldown i toa |23 300 o 10GAr | 50GAr e s Pressure tested at Fermilab on
the bench.
(Type 1) V535" e 175 X008 Inner: 175"x0.083" w/2.75"
17 F10041250.1 LAr Proximity<->internal: LAr liquid In th stat 0.048" Inner. 2. 920 85 ";2”7; CF Cx fr CERN
d cooldown i the cryosta 1.75"x 0.083" 87 - >10 LAr 25 LAr W) omes from Pressure tested at Fermilab on
(204) | (323 s11 pressure tested
wf275" CF uter: wacuum jacket the bench
Outer: vacuum jacket
(Type 1) V135" e 175 0083" Inner: 175"x0.083" w/2.75"
18 F10041250.1 LAr Proximity<->internal: LAr iquid In th stat 0.089" Inner. 20 920 85 %;7; CF Cx fr CERN
d distribution i the ervosta 1.75"x 0.083" 87 . >30 LAr 150 LAr W omes from Pressure tested at Fermilab on
(204) | (323 s11 pressure tested
wf2.75" CF uter: wacuum jacket the bench
Outer: vacuum jacket
(Type 1) V1: 35" x . Inner: 175"x0.083" w/2.75"
Proximity<->Internal: LAr liquid to 0.049" Inner: Inner 175" 0.083
19 F10041250.1 | LAr Inthe cryostat y . 20 20 o s s WJ275" CF Comes from CERN | [ b on
cold roof 175 x 0063 (o4 | (323) s11 pressure tested
wf275" CF uter: wacuum jacket the bench
Outer: vacuum jacket
(Type 1) V135" e 175 X008 Inner: 175" x0.083" w/2.75"
110 F10081250.1 LAr Proximity<->Intemal: Lar return to In th stat 0.089" Inner. 20 920 85 %:7; CF Cx fr CERN
d condenser i the ervosts 1.75" x 0.083" 87 - >10 LAr 25LAr W) omes from Pressure tested at Fermilab on
(204) | (323 s11 pressure tested
wf275" CF uter: vacuum jacket the beneh
i— Outer: vacuum jacket
Outside cryostat
Proximity<->External: GAr to - 5500 at
114 | Fa00412501 | Gar X o abovetopplatete | (ype4A)1a”cF [035 |90 oo |- D a oo e
extemal pressure relic e A o S|
oronimitye -Extemal oAr Outside cryostat st
roximity<->Extemal: GAr to a
116 F10041250.1 | GAr above top plate to (Typean) 14" cF | 035 a0 256 — . .
extemal pressure relief revsoomn P :Z‘f;zm /A 147 cF 1 cr
Inner — 2"NPS 5¢ch.10 with
(Fig:) inner— socketweld by FNAL and
2"NPS sch.10 with pressure test between
Extemale->Proximity: Supply [l:;:;:::)nl e | cketweid et NS e oeePP=! | Fcvyoosa, p7oosa,
21 F10041250.2 | LAr/GAr | LAr/GAr from the dewar qutside ” 50 20 - 5= | oon |mooa | e PV7030A, PV70314,
the building to purification ontheLarsuppiyline | oueer_grnps [ (725) | (1323) 11 pressur FCV52064, FCVE0024, and
to LAr filter skids uter — DN100 sch.5 capped
sch.5 with (with vacuum break) fzc vales via
darmehell instrumentation port
Outer — 4"NPS sch.5 with
damshell final weld by FNAL
External<->Proximity: Supply At 1FLVS filter skid - Npssch 10 Inner - DN25 socket '"Li ’“"‘;p:“" 1o “":’
<d
22 F10041250.2 GAr/H2 | GAr/H2 mixture from external valve box - external 20 920 244 — connection o HV70074 socket weld by FNAL an.
socket weld (29.4) (1323) 460 500 >10 GAr | 50 GAr Comes from CERN pressure pressure test between
cryogenics valve HV7007A tested. HV7007A and supply manifold
of GAr/H2.
Inner — 1"NPS sch.10 with
External<->Proximity: Supply AR 2FLVB filter skid NSk 10 ﬁ:;?}‘:\i@‘l‘uu Socket weld by FNAL and
23 F10041250.2 | GA/H2 | GAr/H2 mixture from extemal valve box - external 20 a0 o 2o o | sen e 2Ent oresare | Pressure test between
cryogenics valve HV7100A socket weld (e.4) | (1323) 500 o P HV7100A and supply manifold
of GAr/H2.
mer— oNzs socket Inner — 1"NPS sch 10 with
External<->Proximity: Supply AR fiterskid= | L e e o sacket weld by FNAL and
24 F10041250.2 | GAr/H2 | GAr/H2 mixture from external external valve 20 a0 204 - pressure test between
socket wel 10 Gar - mes from CERN pressure
cryogenics V72108 ket weld @s4) |(1323) 40| 500 10GAr | 50 GA o from CERN p HV7210A 2nd supply manifold
of GAr/H2.
At F17200 s 20— e om0kt Inner — 15 NFs sch 10 with
Extarnal<->Praximity: Supply GAT . sacket weld by FNAL and
f e d de th external tee 15" NPSsch. 10 20 20 a4 connection to HV7211A test betw. 1d
2 Fi0041250.2 Gar rom the dewar outside the downstream of valve socket weld 300 - >40 GAr | 100 GAr Comes from CERN pressure pressure tast batwazn wel
building to purification and cryostat (29.9) (132.3) 31 tested. and isolation valves supplying
PV7208A GAr to the cryostat.
Extermal<>Proximity: Supply GAr | AtFIZ200 ferskid - | iner - DN4O socket Inner - 1.5"NPS sch. 10 with
5" NPSsd
26 F10041250.2 GAr from the dewar outside the external tee upstream 2.0 20 244 — connection to HV72114 socket weld by FNAL and
socket weld ea |isas) 300 m ~40GAr | 100 GAr Comes from CERN pressure | pressure test between
building to purification and cryostat | of valve HV7211A oted FV72117 and sapply manifold
of GAr.
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Example of interface
document prepared
Fermilab showing
interfaces between
internal-proximity-
external cryogenics.

Short Baseline Neutrino
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Areas of Integration for SBND and SBNFD Cryogenics

 Integration of proximity-internal-external cryogenics into
common building space

M Integration of proximity-internal-external cryogenics into
common cryo system via interconnecting piping

 Integration proximity-internal-external cryogenics via
electrical and controls

 Integration via engineering and safety documentation

 Integration via management of procurement, delivery,
installation locally

 Integration via commissioning
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