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The challenges of neutron guide 
system installation @ ESS

Iain Sutton



Game plan
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• Context

– Best practice

• Scheduled mayhem

• Mayhem tamed, an example

• Plan ‘B’

• Start from here (origins)

• Ground movement

• Interfaced



ESS instruments
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CHOPPERS
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NEUTRON OPTICS
- COLLIMATION

DETECTOR
-ARRAY

DETECTOR
-BEAM MONITOR

FLIGHT TANK

NEUTRON GUIDE
@ BEAM LINE SHIELDING

SAMPLE 
ENVIRONMENT

BEAM MONITOR

IN MONOLITH OPTICS 

BEAM SHUTTER
MONOLITH 
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Guide systems installation
Basic principals ….

Things you know already but may yet forget
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Preparation
makes perfect

• plan, plan, PLAN (& follow up)

• Pre-assembly 

• Pre-installation testing

Understand your ‘risks’

Have a ‘plan B’ !
– Duck tape

– Bath sealant

– Lead bricks

– ‘Black Betty’
5‘Black Betty’



Install the goal posts
Mark out the pitch
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Before you begin  …

• Sample position
• Beam axis
• Outline
• Perimeter

Day 1 accuracy  +/- 3mm

Its already enough to install 
• civil works
• supports



Install-Commission

Commission as you go

Progress in sections 7

Install

align

commision

repeat



Different strokes

Source to sample 

or sample to source
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Rebaseline schedule for NBI* Installation
(TG4 –> TG5)   (V4.0, 11th May 2018) 

from Installation workshop with teams building first 8 Instruments (8th May)
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Cave installation & fitout

OOB Guides & shielding

In bunker installation

Cold commissioning

0,00

NSS access 
to E01

2019           2020            2021            2022            2023           2024            2025

Start User 
Program 
(3NBI*)

Beam on 
Target 

NSS access 
to D01

NSS access 
to D03

* NBI = Neutron Beam Instrument

8 NBI* in 
User 

Program

West 
sector

North 
sector

East 
and 

South 
sectors

Manufacturing on critical path 
for BEER, C-SPEC, BIFROST & 
MAGIC, not E01 access.

NSS has no float for R-SOUP, 
but does have 7 - 8 possible 
candidates

NSS access 
to E02/2

Parallel installation in and out 
of bunker is assumed for LOKI, 
ODIN, DREAM & ESTIA. Extra 
labour & resources are needed

Float for R-BOT:

• TBL ~ 21 weeks

• BEER ~ 7 weeks

• CSPEC & BIFROST ~ 4 weeks

• MAGIC & ESTIA ~ 1 week



Source to sample …
almost
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Sample to source …
long instrument dilema

1
T=0

2
T+3m

3 
T+6m

4 
T+9m

5
T+12m

6
T+15m

7 
T+18m

D03 Instrument hall E02 Guide hall E01 Long hallBunker



Prior art 
ILL 2011 H14

LADI

IN12

D33
IN11

1 -
Common

2- Quad 3- Dual

Characteristics
• 1 Quad guide system  140m long (but 430m of optics)
• 3 ‘Buildings’
• Disordered Installation sequence 
• Simultaneous installation (3 areas) 



Installation program 
> work areas

Bunker

Feed through

Guide hall (E02) Instrument hall (E01)
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Common

Quad

Dual A

OT H142 H142 > 8
H142 > 

D33
Complete

OT H144 H144 > 6

NVS / 
Polarizer

H142 > 
IN12

Complete

Dual B

OT H141 H141 > 8
P.Spec
IN11

IN11

OT H143 H143 > 8

H142 > 
LADI

Platform 
LADI

Ladi

OT H14

Within work area
> Installation packages

CASEMATE H1CASEMATE
H1H2

Install 
packages

Work area



Installation schedule
Overview (all work areas)



Work area 
work schedule (by install package)



Installation package 

Work area

COMPONENTS VALUE PRELIM
DESIGN

DETAIL DESIGN (BPC) CONSULT ORDER PROC DEL
V

INSTALL

Casemate H14 /Curtain 60K€ COMPLET IN PROGRESS W44

Casemate H14 /Barrier internal 35K€ COMPLET WAITING

Casemate H14 /Roof 45k€ COMPLET WAITING

Casemate H14 Tunnel IN12 300k€ COMPLET IN PROGRESS W41

LADI Platform COMPLET IN PROGRESS W43 IN HOUSE

LADI Zone IN 
PROGRESS

WAITING IN HOUSE

Inst Shutters WAITING

IN12 Zone experimental COMPLET IN PROGRESS IN HOUSE



Operation : Mise en place des traverses et remontage des bracons
Equipe :SAE
Quand :Semaine 21 ou debut 22

Installation Storybook
(Input to Method statement)



Operation : Mise en place & Alignement des Guides + carters H141, H142 & D33
Equipe : HdE
Quand : Arret 6  > 13 Juin



Operation :Mise en place des rails ‘tunnel H144’
Equipe : HdE  (CM + NN)
Quand : Semaine  21   (25/5 >)



Project Risk
For installation phase 



Common

Quad

Dual A

OT H142 H142 > 8
H142 > 

D33
Complete

OT H144 H144 > 6

NVS / 
Polarizer

H142 > 
IN12

Complete

Dual B

OT H141 H141 > 8
P.Spec
IN11

IN11

OT H143 H143 > 8

H142 > 
LADI

Platform 
LADI

Ladi

OT H14

Provisional Installation status
at ‘beam on’ 

CASEMATE H1CASEMATE
H1H2

Beam stop 
plan B

Beam stop
position



Resource estimations
Typical Neutron guide - instrument 



Plan ‘B’

Sh** happens 

But it doesn’t have to be the end of the 
world
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Source Power ramp up from NSS Master 
Schedule (V4.0 – 11th May 2018)
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In-bunker components 
for NBI 1-8 installed 

before BOT

Start of 
user 

program

(Work in progress: - discussion with Accelerator & Target Project teams is ongoing)

200 days/yr
for user 
program

Next 
access



Before the beam comes on ….
Making it safe
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Whether you have completed install or not …. a ‘TG5’ needs to be 
performed for all systems receiving beam.

– Verified configuration

– Under vacuum

– Beam stop

– Consider the placement of beam stop carefully

Temporary 
beam stop ?

Window + Vacuum

Beam ready In construction 

B4C 



Plan ‘B’
‘Black Betty’
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risk mitigation against in-completing build 
is part of TG4

Consider the use of Temporary beam-stop 
for instrument builds

Dimensioned for Thermal & Fast neutrons
Installation within shielding (gamma 
shielding)
• Compact
• Modular
• Reusable
• Man portable (no crane required)
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Aligning to what
The start of something

CORE VESSEL
B

TCS

MONOLITH PUCK

TODAY
‘TCS Theoretical’
position accuracy +/- 2mm
• Beam axis +/- 2mm

TOMMOROW
TCS measured 20-09-2020
accuracy +/- 0.05 (?)

Beam axis measured 01-02-2021
accuracy +/- 0.02 (?)



Beam port axis
Transfer of references 
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• Real position on NBEX (thus NBOA) may be measured before BP 
Window installation and referenced with respect to BP reference 
features.

MONOLITH PUCK

More MONOLITH SHIELDING



Ground settlement

Did the earth move 
for you ?
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Overview

D02 E01E02D03

N
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Monolith 
One heavy …. 



Time  
& Motion

Initial set 

Rapid set 

Slow set 

Creep

Days 1 10 100 1 000 10 000

D
eflectio

n
0

        1
        2

3
4

       5
        6

Some causes

• Elastic deflection
• Plastic deformation

• Closing gaps
• Pile tip breakage
• Flow



Settlement
macro scale 

D02 E01E02D03

N

3mm 2mm

• Buildings settle onto foundations (piles or soil)

2mm1>2mm



Slab deflection

D02 E01E02D03

N

1>3 mm~2mm 2mm

• Local loads deflect slab.
• Load may be transferred to piles

~1mm
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E02
Decoupled guide supports

Note 
The piles are largely 
decoupled from floor 
slab loading but 
probably worth 
preloading before use



Shielding base
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What
• Install thick (concrete) base beams
• Both sides of beamline

Why
• Spread load of shielding
• Standardized / cheap
• Mid height



Install 
rough align

Pre-load the floor to ‘set’ it before alignment 

Shielding load  5t/m

Equipment load 500kg / point



Total movement 
wrt original source

D02 E01E02D03

N

0.2 mm4mm -3mm4mm

Monolith Bunker FT D building Guide hall Long hall

Day 0 0 0 0 0 0

Building -3 -2 -2 0 (-1) -1

Loads -1 -2 -1>3 0 (-2) -1>2

Totals -4 -4 -3>5 <0.2 (-3) -2>3



Ground movement
Recommendation

Strategy

• Ensure provisions for post install 
inspection & adjustment 
– Fiducial pucks

– +/- 10mm screws +10 spacer

• Install all supports / housings / optics  
– commission vacuum systems as you go ‘in 

section’

• Temporary caps and force legs 

• Do install ALL shielding to preload floor

• If not completing installation only 
‘rough’ align (+/- 1mm)
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Interfaces management

1 2 3 4

Differential movement at the 
junction between slabs  (mm level)

Interfaces management strategies

• Bridge or Break ?

• previsions required for
• monitoring
• adjustment 
• Flux measurement also



ESS Strategy for guide
Control & re-alignment

Preliminary 

Monitoring

• Strategic monitoring of slab 
movement (interfaces)

Periodic maintenance

• Complete control ‘as-built’

• 1st control  +2 yrs

• 2nd control +5 yrs



Design for use 
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• Design shielding to facilitate (re)alignment
• Discrete blocks around control & alignment locations
• Minimised removal = better chance of regular alignment



Control & (Re-alignment)
in the bunker
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1. Vertical access

2. RH Ready equipment

3. Long manual tools



Active alignment

Monitoring
Knowing when to intervene.

– Monitor support movement

– Tech exists on X-ray beamlines

• Use at on critical beamlines or 
interfaces
– Remote adjustment ?

– Over illumination

• If in doubt leave space and 
retrofit if required ! 



Take away

• plan Plan PLAN! (including plan B)

• Ensure provisions for post install inspection & adjustment 

• Do install ALL shielding to preload floor

• Install , rough align and commission as you go …

• But leave fine alignment to the end
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Thank you for your attention !


