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[bookmark: _Toc501621657]Project organisation
[bookmark: _Toc501621658]Project Goal
The goal of the project is to design, manufacture and assemble a world leading neutron
instrument for the European Spallation Source in Lund Sweden. The project will aim to
achieve all of the critical success factors [17] and deliver the instrument within the agreed
budget and time frame and to the agreed specification and maintain alignment with the
agreed science case [4].
Some technical and resourcing challenges remain and some additional time is required to resolve these before ISIS commits to full instrument delivery.
[bookmark: _Toc501621659]General Project strategies
The strategy for the provision of instruments to the ESS facility is to design, construct, and prebuild the instruments in a custom facility at ISIS. The instruments will then be disassembled and shipped to ESS, to be reassembled by the ESS construction team. It was also intended that true research and prototyping of equipment would be performed during the feasibility stage, in order to minimise, technical risks during implementation. This work will be carried out by ISIS staff in conjunction with the ESS team.

The extent of the prebuild is currently not full defined as this need to be closely co-ordinated with ESS activities in order to maximise benefits and reduce duplication of effort.

One of the key philosophies of this project is to maximise the UK in kind contribution in both the financial aspects and knowledge transfer.

Once shipped to ESS the ownership will transfer from ISIS to ESS and the instruments will be operated by ESS scientists.

The projects will feed into the ESS Tollgate review process, documents will be submitted for this process in an agreed format to ensure that enough information is provided to satisfy ESS that the projects are being well managed and that they are on schedule. 
In order to ensure that the instruments are built in the most efficient way and to avoid duplication, the project will not in all cases supply this information in the standard ESS format. 
[bookmark: _Toc501621660]Governance structure
ISIS has a long history of building instruments and fully intends to utilise this experience
in the delivery of the instruments for ESS. The project will be governed and managed
using a structure based on that in current use at ISIS as described in references [1] to
[17].These documents are the documents submitted for the Loki TG2 review and will as a result contain some instrument specific information and references that are not correct for Freia. The governance structure remains the same as for Loki. This should complement the ESS structure without creating un-necessary duplication or bureaucracy. Where required ISIS will feed into the ESS governance structure at the project Board level.
[bookmark: _Toc501621661]Instrument Consortium partners
ISIS will be the prime contractor for the delivery of the Freia instrument.
[bookmark: _Toc501621662]Connections to other Projects or assignments
The multi-blade detector technology to deliver the instrument requirements is currently under development at ESS.
The data management and software centre (DMSC) will provide the data acquisition, storage, management, reduction and analysis for the FREIA instrument. There will be close coordination between the instrument team and DMSC on this.
The Vacuum system for Freia will be supplied by the ESS vacuum department at ESS. There will be close coordination between the instrument team and the vacuum group of the vacuum system.
The footprint of FREIA and neighbouring instrument Loki will require careful management. As ISIS are the prime contractor for FREIA this will be managed between the ISIS teams in close coordination with ESS.
The majority of the Freia installation at the ESS site will be managed and completed by ESS staff and contractors with the technical support of ISIS staff.
[bookmark: _Toc501621663]Project scope
[bookmark: _Toc501621664]Instrument overview
The Freia instrument consist of four main technical sub-systems: the beam transport and conditioning system (BTS), the sample exposure system (SES), the scattering characterization system (SCS) and the Experimental Cave (EC). In addition, the instrument includes the structures that house and support these subsystems and the software to control the instrument and process the data. A detailed breakdown of the instrument subsystems can be found in the product breakdown structure (PBS) [19] and a description of the subsystems are summarised in the preliminary system design document.
Beam transportation and conditioning System (BTCS) (13.6.11.1)
The beam transport system transports a beam of neutrons from the moderator surface to the sample position. The size divergence and wavelength spectrum of the beam are tailored to the needs of the experiment. The surroundings of the beam transport system are shielded against ionisation and radiation. 
Sample exposure system (BTCS) (13.6.11.2)
The sample exposure system positions the sample in a beam of neutrons and controls the physical and chemical environment of the sample using various sample environments.  The choice of sample environments is driven be the requirements of the experiment.
Scattering characterization system (SCS) (13.6.11.3)
The scattering characterization system detects scattered neutrons from the sample as individual events which can be converted in to meaningful experimental data.
Experimental cave (EC) (13.6.11.5)
The experimental cave houses the beam defining element of the BTCS, SES and SCS. It shields the surrounding hall from radiation generated by these systems as well as shielding the detector system from external radiation.
Control Hutch (13.6.11.6)
The control hutch houses the experimental control and data processing terminals. During an experiment the user team spends most of their time in the control hutch.
Sample Preparation area (13.6.11.7)
The sample preparation area contains all the necessary equipment for sample handling, mounting, treatment and storage between experiments.
Utilities distribution (Infrastructure) (13.6.11.8)
Control Racks (13.6.11.10)
The control racks contain all the electronic control for the Loki Beamline this includes choppers, Motion control, DAQ, DMSC, vacuum control and PPS.
Integrated control and monitoring system (13.6.11.11)
The integrated control and monitoring system allows the user to control the experimental parameters and process the neutron data. It also contains the control and monitoring system needed for safe operation of the instrument. 
[bookmark: _Toc501621665]Work Breakdowns
[bookmark: _Toc501621666]Instrument work units
The work units are comprised of the deliverables with which a responsible group contributes to the instrument construction WP. The work units are summarised following the work breakdown structure used in the scope setting meeting:


01 Shielding						ISIS
02 Neutron optics					ISIS
03 Choppers						ISIS
04 Sample Environment				ESS
05 Detectors and Beam monitors			ESS, ISIS
06 Data Acquisition and Analysis			ESS
07 Motion Control and Automation 			ISIS
08 Instrument Specific Technical Equipment		ISIS
09 Instrument Infrastructure 				ISIS, ESS
10 Vacuum						ESS
11 Personal Safety System				ISIS, ESS

Each of these work units comprises the corresponding subsystems described in the PBS and will be shown in the following text. It is understood that each work unit is delivered by ISIS where this is not the case or there is a requirement for ESS input this is clearly marked. For all integration areas i.e. where the beamline meets the existing or to be constructed ESS infrastructure the responsibility here is joint the beamline integration Engineer (Clara Lopez)  will represent ESS in these areas.
[bookmark: _Toc501621667]Shielding work unit 
The shielding work unit delivers the shielding necessary for the transport neutron guide outside the bunker wall. Furthermore, the work unit is responsible for shielding functionalities, e.g. shutters, cave walls and roof. The deliverables include design, calculation(ESS\ISIS), delivery, installation and validation (ESS) of shielding systems.
13.6.11.1.2.3 Neutron Guide Streaming Shielding
13.6.11.1.8.2 Beam stop/absorber Heavy shutter
13.6.11.1.10.1In Bunker shielding 
13.6.11.1.10.2 Beamline Shielding (bunker to cave)  
13.6.11.1.10.4 Bunker wall insert
13.6.11.5.4   Experimental cave shielding
13.6.11.5.5 Experimental cave structure

[bookmark: _Toc501621668]Neutron Optics Work Unit
The Neutron optics work unit delivers the neutron transport functionality from the moderators inside the target monolith up to the sample position. This includes interfaces to the halls floor, vacuum jackets and alignment system. It includes design, calculation (ESS\ISIS), delivery, installation and validation (ESS) of neutron optics systems.
13.6.11.1.1 Beam Extraction System 
13.6.11.1.2 Beam Delivery System

[bookmark: _Toc501621669]Choppers work unit
The Choppers work unit will deliver the day one chopper systems with the integration to the into ICS. In addition to this it will provide the mechanical infrastructure and cabling for the future upgrades choppers. It includes design, delivery, installation.
13.6.11.1.3.1 Wavelength Band Definition Chopper System WBC1    
13.6.11.1.3.2 Wavelength Band Definition Chopper System WBC2    
13.6.11.1.3.3 Wavelength Band Definition Chopper System WBC3    
13.6.11.1.3.4 Wavelength Frame multiplication chopper system WFM1    
13.6.11.1.3.5 Wavelength Frame multiplication chopper system WFM2    
13.6.11.1.3.6 Frame overlap Chopper FOC1     
13.6.11.1.3.7 Frame overlap Chopper FOC2      
13.6.11.1.3.8 Frame overlap Chopper FOC3      
13.6.11.1.3.9 Chopper Housings (CHIM)       
13.6.11.1.3.10 Control Systems       
13.6.11.1.3.11 Systems Support   
13.6.11.1.3.12 Service package  

[bookmark: _Toc501621670]Sample environment
The sample environment project will deliver the basic instrument sample exposure system without any sample environment equipment. Included in the supply are a sample positioning stack, sample alignment laser, access structures and the requires services. The instrument will require sample environment to exploit its capability but this is expected to be supplied via ESS effort and funding. 
13.6.11.2 Sample Exposure System
13.6.11.2.3 Sample Environment ‐ NOT IN SCOPE
13.6.11.2.4.2 Sample alignment interferometer‐ NOT IN SCOPE
13.6.11.5.6 Sample Environment Utilities supply 
13.6.11.5.7 Sample environment control box

[bookmark: _Toc501621671]Detector and beam monitor work unit (ESS delivery)
The detector part of this work unit is being developed and supplied by the ESS. ISIS are responsible for the detector vessel and for the neutron detector positioning system.
Neutron beam monitor detectors are being supplied by the ESS.
ESS are responsible for the supply of the following systems. Funding is from the instrument budget to the value agreed in the scope setting and as stated in section 5 of this document.
13.6.11.3.2.1  Neutron Detector
13.6.11.3.2.1.1  300x300mm Boron Blade Detector
13.6.11.3.2.1.2  Detector Electronics (reduced area)
13.6.11.3.2.1.3  Detector DAQ
13.6.11.3.2.1.4  Detector Readout (DMSC)
13.6.11.1.3.1.5  Epics IOC
13.6.11.1.6.1 Beam monitors
13.6.11.1.6.1.1 Diagnostic Monitors (chopper)      
13.6.11.1.6.1.2 Normalisation Monitors       
13.6.11.1.6.1.3 Beam Monitor Electronics      
13.6.11.1.6.1.4 EPICS IOC

ISIS are responsible for the delivery of the following systems.

13.6.11.3.2.2 Neutron Detector positioning system (bench, alignment and mounting)
13.6.11.3.2.3 Detector vessel for gas system / vacuum system


[bookmark: _Toc501621672]Motion control and automation work unit
The motion control and automation work unit will deliver the electronic hardware solution for the beamline, this will largely be specified by ESS but will be tailored to the specific instrument requirement by ISIS. The software integration and development will be delivered by ESS. The WU will also provide racks for all the instrument electronics.
 13.6.11.10.3 Motion Control Racks
[bookmark: _Toc501621673]Instrument specific technical equipment work unit
The instrument specific technical equipment work unit delivers the instrument specific equipment needed to condition and deliver the beam in the various different experimental set ups. It includes integration, design, delivery, installation
3.6.11.1.4.1  Guide Collimation system     
13.6.11.1.4.2 Slit Collimation systems  
13.6.11.1.4.2.1 XY Slits #1 Reflectometry     
13.6.11.1.4.2.2 XY Slits #2 Reflectometry     
13.6.11.1.4.2.3 Sample Attenuator       
13.6.11.1.4.2.4 XY Slits Sample      
13.6.11.1.4.2.5 XY Slits Beamstop      
13.6.11.1.4.2.6 GiSANS Slits #1 ‐ NOT IN SCOPE 
13.6.11.1.4.2.7 GiSANS Slits #2 ‐ NOT IN SCOPE 
13.6.11.1.4.2.8 GiSANS Slits #3 ‐ NOT IN SCOPE 
13.6.11.1.4.9 Kinetic Slit System
13.6.11.1.4.9.1 3 slit system #1     
13.6.11.1.4.9.2 3 slit system #2     
13.6.11.1.4.9.3 fast shutter‐ NOT IN SCOPE
13.6.11.6 Control Hutch
13.6.11.7 Sample preparation Area 
13.6.11.7.1 Utilities Distribution
13.6.11.7.2 Support Infrastructure
13.6.11.7.3 Sample Preparation Area construction ‐ NOT IN SCOPE 13.6.11.7.4 Laboratory equipment and sample storage ‐ NOT IN SCOPE 13.6.11.7.5 Furniture ‐ NOT IN SCOPE      
13.6.11.10 Control Racks
13.6.11.11 Integrated Control and Monitoring (Integration)

[bookmark: _Toc501621674]Personnel safety system (PSS) work unit
The PSS system will deliver the personnel safety system for the full instrument and integration at ESS level. This will be a joint collaboration between ESS and ISIS.
13.6.3.11.11.2 PSS 
[bookmark: _Toc501621675]Excluded
All deliverables not explicitly mentioned in the work unit descriptions are excluded from the work package. Some exclusions are nonetheless essential for the functionality and operation of the instrument and are described below. These will be delivered by other parts of the ESS program where also the budget for these items is allocated.
[bookmark: _Toc501621676]The Vacuums system Work Unit
The vacuum system work package will deliver hardware and software to deliver Vacuum to the beamline and control the vacuum system through the integrated control system. Vacuum system work unit is delivered to the project free of charge by the ESS vacuum group.
13.6.11.1.9 Vacuum System
13.6.11.1.9.5 In‐bunker vacuum system
13.6.11.1.9.6 Out‐of‐bunker vacuum system
13.6.11.11.4 Vacuum Control Integration VCI
[bookmark: _Toc501621677]Data acquisition and analysis work unit
That Data acquisition and analysis work package is excluded from the scope of the instrument it will deliver the software to process data, as well as the hardware and software to collect, store and analyze data from the detector and beam monitor systems.
13.6.3.11.3.1 Data Systems and technology
13.6.3.11.3.2 Data management
13.6.3.11.3.3  Instrument Data
13.6.3.11.3.4 Data Analysis and Modelling

[bookmark: _Toc501621678]Integrated control system work package 
The integrated control system work package is excluded from the formal scope of the project it will deliver the EPICs control ad integration to the beamline.

13.6.3.11.1.3 Vacuum Control Integration VCI
13.6.3.1.3.3.1 EPICS Integration (Choppers)
13.6.3.1.6.1.2.1 EPICS Integration (beam monitors)
1.3.2.3.1 EPICS  Integration Sample environment
13.6.3.3.2.1.2.4 Epics Integration (detectors)
13.6.3.8.1 EPICS Integration for Utilities distribution 
13.6.3.9.1 Epics Integration for Support Infrastructure
13.6.3.11.1.6 MCA EPICS  integration

[bookmark: _Toc501621679]Monolith insert and light shutter
The design delivery and installation of the monolith insert and light shutter system is excluded for the instrument project and will be delivered by ESS. ISIS will only be responsible for delivery of the optics for these sections.
13.6.3.1.1.1 Monolith Insert 
13.6.3.1.1.2 Monolith Windows
13.6.3.1.1.3 Light Shutter 
[bookmark: _Toc501621680]project ScheduLE 
[bookmark: _Toc501621681]Time schedule
Below is the outline schedule for the Freia instrument that is built around the ESS-Neutron Scattering Systems Master Schedule v3.4 dated 12th Oct 2017. The schedule reflects limited engineering effort during the early stages where effort is committed to Loki. The engineering effort increases in 2020 as effort moves from the Loki project to Freia. The schedule focuses on early delivery of the NBOA guide and bunker wall insert guide which are important to the wider ESS project. 
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[bookmark: _Toc501621682]Milestone plan

	Milestones 
	Dates

	NBOA guide (OJEU) tender published.
	End March 2018

	Chopper disc feasibility study delivered.
	End June 2018

	Time resolved slit demonstrator test results published.
	End July 2018

	NBOA guide manufacture contract placed.
	End August 2018

	NBOA delivered to ESS
	End Feb 2019

	Bunker wall Insert Guide delivered to the ESS
	End Sept 2019

	Freia TG3
	End Sept 2020

	Freia bunker zone component support structures TG4
	End Sept 2022

	Phase 1 Installation of bunker components starts
	End June 2023

	Bunker component and services installation completed
	End June 2024

	Hot commissioning of Freia
	End Jan 2025










[bookmark: _Toc501621683]Project Budget
[bookmark: _Toc501621684]Project Budget 
Below is a summary of the cost breakdown for the instrument from the Freia scope setting.
	Shielding
	 €k 1,738 

	Neutron Optics
	 €k 1,850 

	Choppers
	 €k 2,566 

	Sample Environment
	ESS supply free of charge   

	Detector and Beam Monitors
	 €k 832 

	Data Acquisition and Analysis
	ESS supply free of charge   

	Motion Control and Automation
	 €k 816 

	Instrument Specific Technical Equipment
	 €k 144 

	Instrument Infrastructure
	 €k 901 

	Vacuum
	ESS supply free of charge  

	PSS
	 €k 133 

	ESS Labour & travel
	ESS supply free of charge

	Labour, Travel, Installation, Tom Arnold
	 €k 2,983 

	TOTAL
	 €k 11,963 

	TOTAL + 10% contingency
	 €k 13,159 

	ESS Cost Book Value
	€k 13.2



Clarification of ISIS’s financial responsibility for some items is ongoing.
Details of the cost breakdown are contained in the spreadsheet “ISIS-ESS-FREIA-Fi-0001 v1.0 Freia TG2 costing spreadsheet” [20].
[bookmark: _Toc501621685]RIsk 
The risks are defined as within the instrument projects control and are listed in section 6.1. Areas of concern that are outside the control of the instrument are listed in section 6.2.  
[bookmark: _Toc501621686]Risk List

. [image: ]
[bookmark: _Toc501621687]Concerns
· Currently available neutron beam monitors are not well suited to ESS instruments and urgent development may be required.
· Neutron guide gaps and housing interfaces for beam monitors will have to be defined before guide manufacture.
· Bunker interface details not finalised.


[bookmark: _Toc501621688]Glossary
	Term
	Definition


	BTCS / BTS
	Beam Transport (and Conditioning) System

	ISIS
	ISIS Neutron and Muon Spallation source

	CHIC
	Chopper Control System

	DAQ
	Data Acquisition

	DMSC
	Data Management and Software Centre

	EC
	Experimental Cave

	EPICS
	Experimental Physics and Industrial Control System

	ESS
	European Spallation Source

	GUI
	Graphical User Interface

	ICS
	Integrated Control System

	Loki
	ESS SANS instrument

	NOSG 
	Neutron Optics and Shielding Group

	P&ID
	Process & Instrumentation Diagram

	PBS
	Product Breakdown Structure

	PSD
	Position Sensitive Detector

	PSS
	Personnel Safety System

	SANS
	Small Angle Neutron Scattering

	SCS
	Scattering Characterization System

	SE
	Sample Environment

	SES
	Sample Exposure System

	SKF
	Svenska KullagerFabriken (Swedish bearing manufacturer)

	STAP
	Scientific and Technical Advisory Panel

	TOF
	Time of Flight
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Description of Risk Impact Probability Rating Current Controls in Place

Effectiveness

of Mitigating

Action

Overall 

Rating

Guide (NBOA) definition and 

procurement timescales are not 

compatible with Nov 2018 NBOA 

delivery date.

Significant Highly likely 20

Analysis to confirm performance impact if NBOA is 

fixed now and remainder of guide design changes later 

(Unmatched NBOA section and remainder of guide).

Improvement 

required

HIGH  40

Guide supplier availability Significant Very likely 16

Some influence over supplier priority by ESS. Place 

contract at earliest opportunity

Improvement 

required

MEDIUM  32

Adequate sample environment not 

provided by the ESS limiting the 

scientific delivery

Significant Moderate 12 ESS to supply

Improvement 

required

MEDIUM  24

Engineering resources are stretched 

impacting on the delivery schedule

Moderate Very likely 12

With the ISIS/CNR engineering team potentially 

delivering 3 instruments engineering resources are not 

currently sufficient to fully resources 3 instrument 

teams simultaneously. This is reflected in the schedule

Improvement 

required

MEDIUM  24

Heavy shutter has to increase in length 

beyond 750mm requiring choppers and 

instrument layout to change. Impact on 

cost and budget

Significant Moderate 12

ISIS have recruited a neutronic calculation person to 

work on ESS instruments.

Improvement 

required

MEDIUM  24

Limited installation periods and access 

into the bunker during the operation 

of the facility and Loki impacting on 

the schedule. 

Moderate Very likely 12 Good communication with the ESS

Improvement 

required

MEDIUM  24

Negotiating acceptable materials that 

meet the mechanical, neutronic and 

availability requirements for use within 

the bunker causes cost and schedule 

impacts on delivery. 

Moderate Very likely 12

A limited list of acceptable materials exists and a route 

to get new materials calculated.

Improvement 

required

MEDIUM  24

Radiation shielding is insufficient - 

Large guide through bunker - impact 

on loki and - personnel dose levels

Significant Moderate 12

ISIS have recruited a neutronic calculation person to 

work on ESS instruments.

Improvement 

required

MEDIUM  24

Unknown/New requirement for 

instruments such as "Freia to confirm 

bunker wall works for the large guide" 

impacting on schedule and cost.

Moderate Very likely 12

Documentation and good integration with the ESS 

team

Improvement 

required

MEDIUM  24

Technical annex is not signed. Potential 

Freia delivery risk

Fundamental Small 10 Significant commitment from all parties

Improvement 

required

MEDIUM  20

Chopper disc blades required are not 

deliverable

Significant Moderate 12

Design study shows carbon fibre is the most probable 

solution. A feasibility study by a carbon fibre disc 

manufacturer will be completed in Q2 of 2018

Satisfactory LOW  12

NBOA guide m=6 coating degrades  Significant Moderate 12

Guide suppliers comfortable but it is not proved with 

the radiation levels

Satisfactory LOW  12

Number of choppers in the bunker and 

maintenance timescales required are 

not sufficient to achieve planned 

operating days.

Significant Moderate 12

most reliable chopper components selected and 

remote handling

Satisfactory LOW  12

Time resolved slits fail to achieve 

reliable 1-3 sec operation.

Significant Moderate 12

Design work in progress. Technology demonstrator to 

be built in 2018.

Satisfactory LOW  12
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NBOA delivered to ESS

Bunker wall insert delivered to ESS

First access to buildings D &E First access to D& E buildings
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