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Game plan

* Context
— Best practice

* Scheduled mayhem
* Mayhem tamed, an example
* Plan ‘B’

e Start from here (origins)
* Ground movement

* Interfaced
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Guide systems installation
Basic principals ....

Things you know already but may yet forget



Preparation oA

SOURCE

makes perfect

S22days Fi200228  Wed 220608
BUNKO1 22days  Fi2002-28  Mon 20-03-30 - 22y
BUNKD! 63days Tue200331 Fi2007-03 43 & 63
ue K01 15days Mon2007-06 Fri2008-21 44 T 154
es80 BUNKDL 30days Mon20-08-24 Fi2010-02 45 Lo 30daps
tallation preparation  BUNKO1 Sdays  Mon20-08-24 #ri200828 45 §Sdmn
- plan, plan, PLAN (& follow up) M s
) ) BUNKDL Gdays  Thu200910 Thu20.0917 48 & 6dm
R6 Skirt shield blocks (n. 28 steel + 72HOPA)  BUNKD1 10days  Fri200918  Thu 9 & 10dms
Instruments baseplates D02 (D01 side) -n. 52~ BUNKO1 42days  Fri20- on 20-11-30 50 E‘um
80x120cm days/po |
Pilars baseplates D02 (D01 side) n. 19 BUNKD1 Sdays  Tue20-12:01 Mon20-12-07 51 4 basepl & Sdm

* Pre-assembly

* Pre-installation testing

Understand your ‘risks’

Have a ‘plan B" !
— Duck tape
— Bath sealant
— Lead bricks
— ‘Black Betty’

~

‘Black Betty’
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Install the goal posts e

Mark out the pitch

Before you begin ...

e Sample position
* Beam axis
 Qutline

* Perimeter

Day 1 accuracy +/- 3mm
Its already enough to install

e civil works
e supports
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Install-Commission

‘ Install ’

align

commisio

‘ repeat '

Commission as you go

Progress in sections
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Different strokes

Source to sample
or sample to source



Rebaseline schedule for NBI* Installation

(TG4 —> TG5) (V4.0, 11t May 2018) :s::m

SOURCE

from Installation workshop with teams building first 8 Instruments (8" May)

BI* in
; ; . NSS access Beam on Start User 8N
Cave installation & fitout jry to EO1 NSS access Target Program User
OOB Guides & shielding g to E02/2 (3NBI*) Program
In bunker installation |y Test Beam '=E \
Cold commissioning |4 NMX (W1) / % —
BEER (W2) / \
Manufacturing on critical path West HE"” N
for BEER, C-SPEC, BIFROST & < C-SPEC (W3) - =] I \
MAGIC, not EO1 access. m |
BIFROST ] S
Float for R-BOT: I======""""% 1 T 5
n | \ =| -
e 7TBL~21weeks | " T\ A 1 { e —
—
« BEER ~ 7 weeks MAGIC (W6) \ / [ / e
* CSPEC & BIFROST ~ 4 weeks MIRACLES \i// " Bl =

* MAGIC & ESTIA ~ 1 week North Lo ‘ NSS access
: — sector TS to D03
Parallel installation in and out FREIA (N5) .
of bunker is assumed for LOKI, "~
ODIN, DREAM & ESTIA. Extra East ODIN (S2) / iL
labour & resources are needed N
and  DREAI| s3y |\ .
NSS has no float for R-SOUP, | S0uW&T  ESTIA (E2) -——ltl:;‘;::—ss
but does have 7 - 8 possible sectors  cwani (e
candidates SKADI(E3) |
VESPA (E7)
[ 2019 | 2020 | 2001 | 2022 | 2023 | 2024 2025

* NBI = Neutron Beam Instrument 9
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Sample to source ... oA

SOURCE

long instrument dilema

Bunker D03 Instrument hall EO2 Guide hall EO1 Long hall
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Prior art
ILL 2011 H14

SPALLATION
SOURCE

Characteristics

* 1 Quad guide system 140m long (but 430m of optics)
* 3 ‘Buildings’

* Disordered Installation sequence

 Simultaneous installation (3 areas)
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Within work area
> |nstallation packages
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CASEMATE Work area
H1H2

OT H142

OT H144

OT H143

L

{ OT H141 —-— H141>8
y OTH14

I

amud H144 > 6 i

Install
packages




Installation schedule

Overview (all work areas)
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CHCLER REACT EIR
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Pha 2:démo niage B Ament LA stanalen aknon | L
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Work area

work schedule (by install package)
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2% Ham e

o

CHANTIER ILL7
ASTREINTES

FERMATURE ILL
OWWERTURE ILL
CVCLES REACTEUR
ARRETE DES INSTRUMENTS
ESPACE ANNULAIRE
ACCESSHIH ILLF

LG

FHASE | - DEMENTALEMENT INSTRUMENTS
CONDAKATION OTH142
Démortages expariences sur H14d
Dvmortage de i efpérence |
Phans 1: Daplacamenteofts i OF ligne H22
Modfpo ar pe mette dipose prokctons igke HiZsans amet
Pans 2 : Ddmortage matérs | LADI
Dépose OF etmice ¢) pEce beam sop
Dépos bl 05
Dépose alm & vtgtions Mide s
Dépose cahBge Ibmath ve e 18 kctonige
Dépose alm & vtations & kotriques
Démo yiage cablie etacs: sofes
Dépose gk etdEposhife pémm el
Phans B démonfage b8 ment L Oetancen plgnon ILE
DEpose batmertLADI
Dépose @ik piion 17
Phans 4:démonfige prokctions LADH & (LT
Dépose esckiz, DI B 61MAE & téUaIathn
Phans & : Ddmortage matera | IN12
Dépose OFetmice ¢) pEce beam sop
Dépos oy 05
Dépos: spectiome
Dépose alm & vigtions ide s
Dépose cblBge Ibmath ve e 2 kctonige
Dépoge aim & viFtons & ketriqes
Démo viage cablve etacs: sofes
Phans & démontage prodections IN12 uagud pa ceeralle 011
Dépose prokctons gridk aual ok
Dépose gikk
Dépose 21pport de g Hes etm a7 oo Charte e
Dépose ik
Dépose prokcton gk anoitone k
Dépose gikk
Dépose £1ppo it de g Hes etm a7 ool Charte e
Phans 72 Ddmontage mataral IN11
ConFiatn OT Hid
Dépose etsDoiage spe com et
Dépose alm & vtations gz
Dépose cahBge Ibmatt ve e 18 kctonige
Dépose alm & vFtons & ketriqes
Ptans & démontige pro ctions IH1Z depuin pa e rells D11
Dépose prokctons gk
Dépose gk
Dépose £1ppoE de qu Hes etm a7 ook Charte e
Phans b :démontage prokctions INT1 paqurd casmatk Hi4

BE
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IFIREIRISEIF]
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[ UMASSIGHED TASKS

50

3 FHASE Il - DEMENTALEMENT [CASEMATE & GUIDE]
e

BT FHASE ll REMONTAGE [CASEMATE & GUIDE]
75
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0301




Work area
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H1 CASEMATE

= = = % % = = = = T
= | g 2 2|l & B S = = E
£ %,§|§|1>_,1| = v = = E;SH,é = ]
— 1 = | — =El2 s =
x i a LA1=E% l =, S i rrrrrrrrrrr - -.a:.:--g-g‘%. §.§(j V V
| 13 A e 1 )=
———— 2 —=olrlsn EL_:_U:g = L iC hE=ERE — .-----‘--};&j{ =3
R O SR =1 I I = g = = £
COMPONENTS VALUE PRELIM DETAIL DESIGN (BPC) CONSULT ORDER | PROC INSTALL
DESIGN
Casemate H14 /Curtain 60K€ IN PROGRESS W44
Casemate H14 /Barrier internal 35K€ WAITING
Casemate H14 /Roof 45k€ WAITING
Casemate H14 Tunnel IN12 300k€ IN PROGRESS W41
LADI Platform IN PROGRESS W43 IN HOUSE
LADI Zone WAITING IN HOUSE
PROGRESS
Inst Shutters WAITING
IN12 Zone experimental _ IN PROGRESS IN HOUSE




Installation Storybook oA
(Input to Method statement)

SOURCE

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




EUROPEAN
SPALLATION
SOURCE

Operation :
Equipe

: HAE
Quand : Arret 6 > 13 Juin

Mise en place & Alignement des Guides + carters H141, H142 & D33
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SPALLA

Operation :Mise en place des rails ‘tunnel H144’

: HJE (CM + NN)

: Semaine 21 (25/5 >)




Project Risk Conon
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For installation phase

—

RISK ANALYVSS DURMWE INSTALLATMN PHASE
OUPRREMT Risk
estirnation
CALISE CONSEENCES Elfcied i E Presentiaes Ao CLFatiees ACCEnS
2
[T1 |CRIMCAL DOMIPONENT MOT DELIVERED BETALLATION DELAY |JALL UHITE .!l 18] 32 Treat  Mdentidy compenents - Filot greduction to ldeaviity local contractors with
T2 |MINDR COMPONINT NOT DELINERED MESTALLATION DELAY JALL LRSATS 4 4 15 Tolerate  Iderdily components - Use chadklist to insure |Irsure that machine shap persoedel ane
| all parts are delivery. availabde on sine
T2 |CRMICAL COMPONENT DOES NOT BMOUNT  [IMETALLATION DELAY |asL uniTs ..1| 16| 32 Treat  Bdentily Components - Lest MOUNT Bats in |Identify local contractons with
hall ' essals befere Installation date, &E&M-_
T4 |OTHER COMPONENT [OES NOT BMOUNT SNATALLATION CELAY JALL UNTS 1| 4 B Tolerate  Lderdily components - Test neoun? pans in
Fall d'essais before installation date.
Rl [INSUFFICENT INSTALLATEDON PERSONMNEL INSTALLATION DELAY JALL UINITS 3 28 Treat  Insure availabdicy of personnel well Hire auternal personnel / Waork in 2 shifes 1o
ANAILABLE. duance reabsorh delay
|HJ |IH?I'ALLATI:IH FERSOMMEL 500E [FLU] FMESTALLATION CELAY Ses RL JALL UNTS 1 B| B Toderate  derdily key personnel Insure good health Frepane documents for replacesent ol key
o Nu jals ¢ Selasing ol persanel
R3 [INSTALLATION FERSOMMEL ASSENT METALLATION CELAY See RL JALL LASATS 2 g 1s Tolerate  [derdily personnel efected - Back holidays  |Ovgaeise replacement gersonrel
|m:um1'j eflecied period.
TS |INSTALLATION DOCUMENTATION SNATALLATION CELAY FER AESY 1 4 4 Tolerate  Compike docwnenis checklss - start Correct documnentation during iretallation .
|IHI:D~.'|PLE|'F prepsrations sarly realign effected wnits
[TE |IMSTALLATION DOCUMENTATION 5 WRONG |SSTALLATION CELAY OR PES ARSY 1 4 4 Treat Doadsle check aligreners docurmentation. Use back up sysiem
PERFORMANCE DEGRADED Develop backup system
E1l MO ADCESS TO STE - GENERAL METALLATION CELAY JALL LASATS 3 4 1z Toderate  OheCk dooEnienT REFErements in advanos Foam around @ order to complete papers
Site manager sl be senlable at sjioe FIE
EX |RADLATION LEVELS TOO HIGH 0% SME i SCCESS Ses B PER ASSY 1f 18] 185 | Teleraie Study problem with SPR - prepare sheilding |£T-pu:qmu
| B| as recpained
EZ |RADIATION WO=SE PAPER WDSE S0 ADCESS See EL PERSINNINIEL 1 lE| 18 Toderate  ChsCk dooEnisnT REgErements in advanos
IMCOMPLETE Site manager s be svailable at sice
R4 [ECLIFTRAENT UNANAILABLE - ALMGHNMENT  |ALGNRMENT DELAYED JELEMMENT 2 g 1s Toderate T ik algnment ling list and reserve ) |Hire al@grivent sguagtment
PHA&SE porchase equiptrent abead of regarements
EQUIFTRIENT UNAYAILABLE - LIFTIHG SATALLATION CELAYED JALL UNTS 1] 1g| 15 | Telerate Service egquiginent Study liftirg requirements Furchase / kire
Stock oo lacally diticral iftirg esdpment
ECQUIFTRAENT UMANAILABLE - INSTALL TOOLS | INSTALLATION DELAYED JALL LASATS 3 4 1z Tolerate |Compike toalieg list and reseree § ponchase General toading available in teso hall
Eguiptment
[T |OFTICAL UN'T DAMAGED DURIMG TRANSIT |FERFORMANCE DEGRADED JaLL IS 1| 1§ 18 Toderate |Dessop methods To ransport sahely Flaoe crder lor daplcale components
O IMSTALLATION Trainig, Ovder duplcate o L5
|31 |SPACE COMFLICT WITH OTHER FROMECT EMISTALLATION SLOAWED |OT CUAD > 5 ED Treat  |[Manage space meguinensent during Wiork arownd § Work in shifes
11 Installation. Coordinate with other projects
(02 |COMPETITITION FOR CRANE IMSTALLATION SLOAED ALl LUNITS 3 24 Treat |Reduce dependancy on hall crane Wioak in 2 shifts to neabsork delay
| B| Coordinate planning with other uers
o2 |SAFETY ISSUE - USE OF CRANE [mesTaLLATION STOPPED Ll LUNITS s| & an | Trear [coordinate planning weth other wmers Wioak i 2 shifts to reabsork delay



Provisional Installation status
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at ‘beam on’

CASEMATE CASEMATE H1
H1H2

OTH42 -I
-
OTH14s I gy i
N
'W

{ OTH141 —-— H141 > 8
il OTH14
”
OTH143 i
~

T :

Beam stop Beam stop
plan B position

S

y 4
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Resource estimations EuRoneAn
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Typical Neutron guide - instrument

)
g
c | 2
w | O | %
S| & 2
. o | € | @ E |
Tl 5 8 5|8
g A | = o o - =
Site preparation 1 1 O 05| O 0 0
Civil works 0.5 ] 0.5 1 1
Installation 05| 05
Cold commisioning | 0.5 | 0.2 0 :
Alignment 050505 O 0
Closure 0o5/05/ 2] 0] o0
Hot commisioning 1 02| O 0 0
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Plan ‘B’

Sh** happens

But it doesn’t have to be the end of the
world



Source Power ramp up from NSS Master

@ )
Schedule (v4.0- 11t May 2018)
\

2.0
Start of
user &
w
3
program 15 2
g
B
H
In-bunker components 200 days/yr 1.0 =
for NBI 1-8 installed for user =~
before BOT program
0.5
: ! 0.0
o ~ ~ ~ ~ = o H ~ & N
R & R 1§ S & & & 8 & 8§
= - = - - = - = - = -
- 3 3 g 5 3 3 3 s 3 5
o = = = = = = = = o =
8 = & 3 3 s s B s 8 =
=) =) =) = = = 25



EUROPEAN

Before the beam comes on ....

SOURCE

Making it safe

55m
1

Temporar
B4C Window + Vacuum P Y .
"I. _, beam stop ? '

B Ik ol

II=|| I_ _III:

I = "\l
‘ Beam ready
L —

In construction

F - D03 hall slab

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 -
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{ )
Plan ‘B v

‘Black Betty’

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)




Aligning to what oA

SOURCE

The start of something

TODAY -_———

‘TCS Theoretical’ TCORE VESSEL

position accuracy +/- 2mm

* Beam axis +/- 2mm MONOLITH PUCK
TOMMOROW

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

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




Beam port axis Shat

SOURCE

Transfer of references

More MONOLITH SHIELDING

MONOLITH PUCK

e Real position on NBEX (thus NBOA) may be measured before BP
Window installation and referenced with respect to BP reference
features. 29
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Ground settlement

Did the earth move
for you ?




— D02

Overview

D03

E02

EUROPEAN
SPALLATION
SOURCE

EO1

PrEsEIEI BT ST "

=




Monolith
One heavy ....
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& Motion

uo1193|aQ

0

Days

. 4

— Some causes
Initial set . .
* Elastic deflection
. * Plastic deformation
Rapid set

* Closing gaps
* Pile tip breakage
* Flow

Slow set

o
»

1 10 100 1000 10 000



Settlement
macro scale

* Buildings settle onto foundations (piles or sail)



Slab deflection B

SOURCE

N
* Local loads deflect slab.
* Load may be transferred to piles



0P

Decoupled guide supports

Note

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

EUROPEAN
SPALLATION
SOURCE
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Shielding base

What Why o
* Install thick (concrete) base beams ¢ Spread load of shielding
 Both sides of beamline * Standardized / cheap

* Mid height

37



Install L)
rough align

SOURCE

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



Total movement

EUROPEAN
SPALLATION

wrt original source

| it i 1
-W Bunker FT | D building W Long hall
0 0 0 0 .

Day 0 0
N 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 , cnose
Recommendation

SOURCE

Strategy \ ,&e

* Ensure provisions for post install
inspection & adjustment
— Fiducial pucks
— +/-10mm screws +10 spacer

* |nstall 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)

40
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Interfaces management e

Differential movement at the
junction between slabs (mm level)

Interfaces management strategies
* Bridge or Break ?

e previsions required for

* monitoring

e adjustment
* Flux measurement also

November 15, 2011
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ESS Strategy for guide e

Control & re-alignment

Preliminary

Monitoring

» Strategic monitoring of slab
movement (interfaces)

Periodic maintenance

 Complete control ‘as-built’

e 1st control +2 yrs
e 2nd control +5 yrs
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Design for use S

* Design shielding to facilitate (re)alignment
* Discrete blocks around control & alignment locations

* Minimised removal = better chance of regular alignment
43



Control & (Re-alignment)

SPALLATION

SOURCE

in the bunker

3. Long manual tools

1. Vertical access

= 2. RH Ready equipment
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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 !

DENIM17
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IELGENELY

e 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




EUROPEAN
SPALLATION
SOURCE




