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Abstract
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Introduction

The SBND detector is planned to operate in 2018 at the Short-Baseline Neutrino facility (SBN) at Fermilab. This agreement describes the design and construction work to be done at CERN and Fermilab in collaboration between the CERN LAr cryogenics group and the Fermilab ND/TSD Detector Engineering Group.
A technical desciption of the work to be done, as well as a description of the sharing of responsibilities is described in this document. A preliminary schedule of operations is also presented.
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The scope of the work is described in the preliminary P&IDs, whose current version is attached in Annex I. There are two main parts: 
· The detector cryostat.
· The cryogenic system.

The deliverables for the detector cryostat will be described elsewere and they are not part of this scope of work. This workpackege agreement covers only the cryogenic system. 

The cryogenic system is divided in three parts:
· Proximity Cryogenics.
· External Cryogenics.
· Internal Cryogenics.

The proximity cryogenics comprises the argon (LAr/GAr) and nitrogen (LN2/GN2) systems, and associated instrumentation, in the vicinity of the detector cryostat that deliver the fluids (LAr/GAr, LN2/GN2) at the temperature, pressure, flow rate, and quality as required by the cryostat (= internal system), and takes their returns (LAr/GAr, LN2/GN2). For example, this system comprises the argon condenser and its purification system, the main LAr purification systems, and the LAr circulation pump (if external to the cryostat).
The external cryogenics comprises the argon (LAr/GAr) and nitrogen (LN2/GN2) systems, and associated    instrumentation, that store and deliver the fluids (LAr/GAr, LN2/GN2) to the proximity cryogenics, at the temperature, pressure, flow rate, and quality as required by the proximity cryogenics, and their returns (LAr/GAr, LN2/GN2). For example, this system comprises the LAr receiving station, the distribution piping for LAr/GAr to and from the proximity system, the LN2 receiving station and the distribution piping for LN2/GN2 to and from the proximity system. 
The internal cryogenics comprises all the piping located inside the cryostat or directly connected to it without any connection to the proximity cryogenics or connecting directly to the external cryogenics. It also includes equipment and instrumentation that are an integral part of the cryostat. For example, this system comprises the cool down piping, the LAr distribution piping and purge piping, but also the temperature and pressure sensors, level monitors and the pressure safety valves and their connections to the vent header (part of the external cryogenics).
The control specifications for the different systems mentioned above is also included in the supply of these   systems. The controls need to be integrated with the Fermilab system and follow Fermilab standards. Details will be described in a CERN-Fermilab interface document. The cryogenic systems (external, proximity, internal) will be delivered by the responsible party (as described in this document) with the instrumentation required for their functioning. Instrumentation and equipment will be wired to terminal boxes, which will then be wired to PLCs and programmed at Fermilab. Each system shall be delivered with its controls specifications, which will be implemented by Fermilab. Details in the interface document.
The exact location of the interface betweem external and proximity cryogenics is to be defined. The interfaces will be flanges or welded interfaces that have connections coming from both sides: external and proximity. This interface will be detailed in a CERN-Fermilab interface document.
The interfaces between proximity and internal cryogenics are the flanges located on top of the cryostat, and the side for the LAr circulation line. The internal cryogenics includes pipes that come out of the cryostat and terminate with flanges to which the proximity cryogenics will connect. The proximity cryogenics will not go inside the cryostat, but will stop at the flange on top and on the side for the LAr circulation line, of the cryostat.
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Table 3.1 outlines the responsibilities and deliverables for the cryogenic system. The CERN LAr cryogenics group is the primary responsible for the proximity cryogenics. The Fermilab ND/TSD Detector Engineering Group is the primary responsible for the external and internal cryogenics.  The shipping to Fermilab activity is responsibility of the CERN Neutrino platform group, not of the CERN LAr cryogenics group (marked with an asterix * in Table 3.1).

Table 3.1 – Responsibilities and deliverables.
	Items/Deliverables
	CERN
	Fermilab
	Total

	
	
	
	

	- Definition of physics requirements and desired perfomance
	0%
	0%
	SBND

	
	
	
	

	Proximity Cryogenics
	
	
	

	- Definition of requirements
	50%
	50%
	100%

	- Engineering
	100%
	0%
	100%

	- Procurement/Fabrication of new parts
	100%
	0%
	100%

	- Supply/Evaluation/Maintenance of existing Fermilab parts (if any)
	0%
	100%
	100%

	- Shipping to Fermilab (*)
	100%
	0%
	100%

	- Installation at Fermilab (with Fermilab support)
	75%
	25%
	100%

	- Commissioning at Fermilab
	50%
	50%
	100%

	- Definition and writing of control specifications
	100%
	0%
	100%

	- Procurement and programming of PLC hardware 
	0%
	100%
	100%

	- Procurement and programming of HMI software
	0%
	100%
	100%

	
	
	
	

	External Cryogenics
	
	
	

	- Definition of requirements
	50%
	50%
	100%

	- Engineering
	0%
	100%
	100%

	- Procurement/Fabrication of new parts
	0%
	100%
	100%

	- Supply/Evaluation of existing ICARUS storage vessel
	100%
	0%
	100%

	- Supply/Evaluation/Maintenance of existing Fermilab parts (e.g. the LN2 storage vessel)
	0%
	100%
	100%

	- Shipping to Fermilab
	0%
	100%
	100%

	- Installation at Fermilab 
	0%
	100%
	100%

	- Commissioning at Fermilab
	50% 
	50%
	100%

	- Definition and writing of control specifications
	0%
	100%
	100%

	- Procurement and programming of PLC hardware 
	0%
	100%
	100%

	- Procurement and programming of HMI software
	0%
	100%
	100%

	
	
	
	

	Internal Cryogenics
	
	
	

	- Definition of requirements
	50%
	50%
	100%

	- Engineering (including CFD simulations)
	0%
	100%
	100%

	- Procurement/Fabrication 
	0%
	100%
	100%

	- Shipping to Fermilab
	0%
	100%
	100%

	- Installation at Fermilab 
	0%
	100%
	100%

	- Commissioning at Fermilab
	50% 
	50%
	100%

	- Definition and writing of control specifications
	0%
	100%
	100%

	- Procurement and programming of PLC hardware 
	0%
	100%
	100%

	- Procurement and programming of HMI software
	0%
	100%
	100%
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The Short-Baseline program aims to start taking data in 2018. To be ready for that, the SBND cryogenics needs to be ready for commissioning in the second half of 2017.
Table 4.1 presents a list of preliminary milestones to guide and monitor the design, procurement and fabrication processes to meet that schedule.

Table 4.1 – Preliminary milestones 
	Milestones
	Date

	
	

	Proximity Cryogenics
	

	- Completion of the definition of specifications and required performance
	Jun 2015

	
	

	- Completion of the evaluation of existing equipment
	Dec 2015

	· - Specification Review Completed
	Apr 2016

	- Completion of the definition of the controls interface	
	Apr 2016

	- Contract(s) awarded for fabrication
	Jul 2016

	- Contract awarded for installation
	Feb 2017

	- Completion of procurement/fabrication
	Mar 2017 (*)

	- Proximity cryogenics delivered to Fermilab and ready for installation
	Jun 2017

	- Proximity cryogenics installed at Fermilab and ready for commissioning
	Nov 2017

	
	

	(*) Date to be confirmed by the vendors.
	

	
	

	External Cryogenics
	

	- Completion of the definition of specifications and required performance
	Jun 2015

	- Completion of the definition of the controls interface
	Dec 2015

	- Completion of the evaluation of existing equipment
	Dec 2015

	- Completion of the design
	May 2016

	- Design reviewed and approved for fabrication
	Jun 2016

	- Contract(s) awarded for fabrication
	Sep 2016

	- Completion of procurement/fabrication
	Jun 2017 (*)

	- Completion of acceptance tests and items ready for shipping
	Jul 2017 

	- External cryogenics installed at Fermilab and ready for commissioning
	Nov 2017

	
	

	(*) Date to be confirmed by the vendors.
	

	
	

	Internal Cryogenics
	

	- Completion of the definition of specifications and required performance
	Jun 2015

	
	

	- Completion of the design
	May 2016

	- Completion of the definition of the controls interface	
	Apr 2016

	- Design reviewed and approved for fabrication
	Jun 2016

	- Contract(s) awarded for fabrication
	Sep 2016

	- Completion of procurement/fabrication
	Jun 2017 (*)

	- Completion of the definition of the controls interface
	Jul 2017 

	- Internal Cryogenics ready for commissioingCompletion of the definition of the controls interface
	Nov 2017Nov 2017

	· 
	

	(*) Date to be confirmed by the vendors.
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The proximity, external and internal cryogenics will be designed and fabricated as part of the on going prototyping effort on neutrino projects. As such they will be standardized (to the extent possible) with all other projects, but taking into considerations the specific needs of this project (e.g. the absence of an LN2 refrigeration plant, which would be neither practical, nor economically favorable for the required cooling power). 
A new proximity cryogenic system will be designed, procured and fabricated. The CERN LAr cryogenics   group will be the primary responsible for this work. 
A new external cryogenic system will be designed, procured and fabricated. The Fermilab ND/TSD    Detector Engineering Group is the primary responsible for this work.
A new internal cryogenic system will be designed, procured and fabricated. The Fermilab ND/TSD Detector Engineering Group is the primary responsible for this work.
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[image: SBN-ND Complete Set REV 13 for Agreement_Page_1]
Preliminary P&ID – Sheet 1 of 4 (Cryostat).

[image: SBN-ND Complete Set REV 13 for Agreement Rev 2_Page_2]
Preliminary P&ID  Sheet 2 of 4 (LAr/GAr purification).


[image: SBN-ND Complete Set REV 13 for Agreement_Page_3]
Preliminary P&ID - Sheet 3 of 4 (LAr and LN2 supply).

[image: SBN-ND Complete Set REV 13 for Agreement_Page_4]
Preliminary P&ID Sheet 4 of 4 (Sampling).

[bookmark: _Toc417310695]Conclusions
This agreement describes the design and construction work to be done at CERN and Fermilab in collaboration between the CERN LAr cryogenics group and the Fermilab ND/TSD Detector Engineering Group, and presents a description of the sharing of responsibilities and preliminary schedule to deliver the proximity, external and interal cryogenics.
The proximity cryogenics is primarily a CERN responsibiltiy. The external and internal cryogenics are primarily Fermilab responsibility. 

image3.png
ava 8 AN YOVE

awva ‘A0 aganOs|

awva A8 ADIDIHD |

ANIdd MO3HD

uNoER
eveLopmENT|

2 s
= ‘s 2
i 7 }E o s B
= I o w [3)
= @
i @
[ ]
[3) 13 @
. i
= = @
m - -
hd @ @ ) i
§§\\\\W
N @| i
N
N
N
N
N
o N
1 N
2 Y |
=0 i E BN
N @
g I
N
N
N
N
N !
N i
““““““ N
- - Nel |l
%Y\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\AW {www
LA %wMu
@ @ (1]
ol ol
o (d
c @
._wé @ = %MJ_ R
@ e E By
] 5 20 0o
@00 o

b R





image4.png
ava Taaxwnoval
awa “xa aamanos|
ava g |

2y
ot

CERN
=
it
CERN
e
CERN
[zl

T
@F:l;lllab
E}—T

Fermilab





image5.png
ava

awva

awva

X ANHDYOVE

‘A0 aganAOS|

A9 ADOIHD

1k

Fermilab

R

£Y)

EY o

o

EGHRRCAERG GESGNROUT|

CERN

Fermilab

e e





image6.png
Fermilab =
) T ..,,_
= e
= T =
T )
e
T =]
LT ==
TS @@
I bod
s ® e e
AT
T
Ty =
T e
(LIRS
T e
T
= ]
- E
-
st 555
YRIIIN
FYNIIN] % 2
[N a P
1 5§z

R
pp, - —nyay
(- = S
[ — - o





image1.png




image2.png
2= Fermilab




