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Why Frameworks?
• XLZD is significantly bigger than any previous dark matter 

detectors

• We are combining many hardware contributions from different 
institutes across many different countries (much wider 
collaboration than previous collaborations)

• Large number of highly complex hardware deliverables need to 
work, be delivered at the right time, and have the correct 
interfaces to avoid significant delays

In order to succeed we need Robust engineering (and other) 
frameworks to ensure what is delivered meets its Science goals

• Frameworks are our friend! They should help us do a better job 
and make our lives easier

• Improve efficiency
• Avoid duplication

• There needs to be the right amount of process; i.e. the 
process should be working for us, not us working for the 
process!
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Note: An Engineering framework is a structured 
approach, methodology, or set of principles 
that guide the design, analysis, or development 
of mechanical systems and components. It 
provides a systematic way to address 
engineering challenges, ensuring consistency 
and efficiency.

Robust engineering approach includes:
• Comprehensive set of requirements
• Robust review process (including expert 

reviewers)
• Clear engineering specifications
• Management of budgets for radioactivity, 

cleanliness, thermal
• Set of agreed working parameters for design 

and integration
• Clear scope and requirements for each sub-

system
• Top-level integrated CAD model coordination, 

and agreed working framework
• Working envelopes and robust change control 

process
• Understanding of inter-relationships between 

sub-systems and control of interfaces
• Frequent, open and constructive 

communication across the project



Great level of investment = Great level of scrutiny!

• Large government investments come with a great deal of 
scrutiny, and we are looking for a very large investment!

• We are spending public money

• Scrutiny will manifest itself through additional reviews 
(demonstrate value for funding) of which there could be many

• The international nature of the project will require us to have 
an international project structure and review framework that 
allows each institute to satisfy its funding requirements

• We need engineering frameworks that fit into that structure

•  We want to embed good engineering process into the project 
from the start, and develop common tools and frameworks 
that help all teams delivering for XLZD 

• Let's make it easy to do the right thing.

• We are beginning to think about the processes....
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Typical project lifecycle diagram with reviews 



XLZD needs Significant Engineering resources throughout!
• Key specifications have been completed and have been reviewed by the 

appropriate Project Engineer for Conceptual Design readiness. All the 
specification terms have been identified, and the driving requirements are 
defined.

• Risk has been assessed on specifications that are to be resolved or to be 
determined, or with other issues.

• Traceability and validation-and-verification processes are included.
• Risk Registry is completed (including mitigation of technical and schedule 

risk) as appropriate.
• Conceptual design is at the system and hardware level that meets the 

requirements.
• New technologies are developed or there is an R&D plan and risk 

assessment.
• Development plans and progress, including rationale, are documented.
• Engineering analyses to support conceptual design are complete.
• Major system interface points are identified, both organizational and 

technical:
• Control system implementation plan is recommended.
• Interface agreements are drafted.
• Major design alternatives have been considered (Value Management).
• Consideration is being given for quality control and reliability.
• A baseline hazard list is completed and incorporated into the Preliminary 

Hazard Analysis report.
• Cost and schedule are estimated

4CDR Input requirements from a typical DOE project

• For the CDR example here, most 
of the output require a 
combination of Physics and 
engineering.

• Those in red are likely to have 
heavy engineering involvement

• In order to achieve this, 
significant engineering is 
needed throughout the project, 
embedded in each sub-system

• Consideration is needed to how 
engineering resource in the 
project is coordinated



Engineering Coordination across the 
XLZD UK pre-construction project

For the XLZD UK Preconstruction project

• 8 technical WPs, each responsible for a particular sub-
system

• Within that WP, Scientists & Engineering work 
together to propose specific solutions

• There is an Engineering POC in each WP

• POC Reports to LE at Bi-weekly engineering meeting

• CAD updates from WPs are integrated and issues 
resolved

• Engineering topics are discussed, with input from 
scientists with oversight of system performance

• Actions are tracked

More recent version of the CAD integration model Example misalignment discovered in CAD integration model Example integration meeting agenda

XLZD UK pre-construction Engineering 
coordination model
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Meeting actions across XLZD UK recorded and tracked in SharePoint-
based action tracker



Engineering Coordination for International project

Notional (and simplistic) suggestion for scaled model 
for XLZD full project engineering coordination
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XLZD UK pre-construction Engineering 

coordination model

• We would need an equivalent structure for the 
international project.

• Our approach could be scaled up for the international 
project Engineering Coordination with a POC for e.g. each 
LV2, reporting to central engineering function

• Within this structure, lower-level structures could be 
WBS/institute specific

Draft XLZD WBS lv2 - WIP



Engineering coordination - CAD
• A Top level CAD model is needed to integrate all the sub-system-level CAD.

• This is a significant about of work for a project with so many contributors

For XLZD UK pre-construction project:

• Each WP supplies Bi-weekly CAD updates in common (STP) format

• CAD integration engineer combines them in model using common CAD coordinate 
system. 

• We plan to develop working envelopes for each sub-system, but we need input from 
the international project to do this effectively

• This is common model, is working well, and could be scaled-up to meet the needs of 
the international project

Early iteration of CAD integration model Conceptual envelope for Cryostat
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The Systems Engineering approach

• Physicists understand what is needed for the 
science

• Engineers know how to build systems (but not 
necessarily the science). 

• Systems are designed, built and tested by 
engineers to specifications, derived from the 
requirements

• Science needs to sign off on the engineering 
specifications as appropriate interpretations 
of the requirements

• If the requirements are incorrect (vague, not 
verifiable, missing), the system will not 
perform the expected function

• Once we have established requirements, we 
need a robust engineering approach to 
managing the design, production, and testing of 
the system to meet them

• For XLZD, we need heavy emphasis on 
integration throughout the project

* We have a head start - Utilise experience gained 
from LZ, XENONnT and other similar projects

A unified language
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Requirements

Design synthesis

Specifications

Physics-led

Engineering-led

The majority of performance issues come from inadequate 
requirements, or else specifications that do not meet requirements, 
but nobody realised.



Good 
requirements are 
specific and can 
be assessed 
against!

Must be 
verifiable to be a 
good 
requirement

Unique ID used 
for managing the 
requirement

Science 
Requirements

The system will only be as good as the requirements!

For XLZD we do not yet have top level requirements, BUT thanks to 
experience in collaboration we can estimate some of the lower-level 
requirements enough to progress designs to some extent.

Requirements to be clearly identified (unique ID) and managed

Think about how requirements are verified.  Build system testing into 
your plans – sometimes they incur significant time and cost!

Note – requirements are at provisional draft stage.  They are a 
set of assumptions that allow us to progress the design of the 
UK-scope and are subject to change as top-level requirements 
are finalised by an international working group.  Example of early XLZD schematic – building up a picture of the experiment

Circular nature of design requirement flow-down

Process input

Process output
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The system – defining parameters/top level specifications
• As we progress the design options, we can start to develop the 

top-level specifications/parameters for each.

• Parameter examples:  Working pressures and temperatures, 
headline sizes and weights

• Parameter documents are controlled – parameters are 
reviewed and have owners

• Overall size of components allows us to define working CAD 
envelopes

• Size and mass of components feeds into assembly/staging 
plans, and facility requirements

Extract from XLZD UK Cryostat parameters
Extract from XLZD UK Outer Detector Parameters

Parameters become 
inputs into parts of the 

detailed design & 
facility requirements
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We are doing well at 
capturing these for UK 
PC WPs, but these 
need to be captured for 
full experiment scope



Developing Engineering facility 
requirements

From an understanding of our design 
parameters, we can start to develop 
facility requirements

For Boulby

• Process diagrams for each system 
manufacture, metrology, testing, 
assembly, system testing

• Feeds into Activity details with 
location and requirements for each 
activity

• Feeds into facility requirements for 
each lab space

• E.g. floor loading

• Power

• Air handling

• Radon reduction
Note – for Boulby we need early engagement from manufacturing partners 
to ensure we have all the required fabrication infrastructure in place

Extract from Xenon detector provisional component 
journey diagram

Extract from cryostat activity details table  - Underground machining of flanges

Extract from Location-based lab requirements summary 
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We need your help to 
develop facility 
requirements for other 
parts of the system



Floor loading driver – exceeds 120kPa assumed for 
AMCO design

What are the main infrastructure engineering requirements drivers? 

320kPa 320kPa

70t object with water-fill

Height driver – Insertion of ICV into OCV
Boulby lab basin concept – where increased height/floor 

loading/chemical containment is required 

Chemical containment driver – electro-plating, 
etching (concept)

We need to capture driving requirements for things like:
• Lab height
• Hazardous Chemical containment
• Floor loading

Avoid blanks specs – can we meet these 
requirements with localised specifications?

For Boulby stage1, we try to confine the 
most demanding requirements to local 
features called basins

This avoids blanket requirements that 
incur additional cost
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These are the main drivers we are 
aware of from the UK project.  
What are the drivers elsewhere?



Work within facility constraints or modify?

13

We are considering whether to work within existing 
constraints, or customise facility (additional cost)

• Cost/benefit analysis: Additional cost (and risk) of 
underground manufacture vs cost of modifications to 
shaft infrastructure

• For Boulby, we are planning for work within the current 
shaft restriction, but also considering options for 
improving access

• Survey of onset, shaft and bank planned from which 
we will receive CAD model to aid our access 
improvement studies.

• For these studies, we need the details of all large 
components across the whole project

Cartoon Boulby shaft and surround layout



System architecture - layout

We can also start to think about layout with respect 
to:
• Hazards – grouping systems by hazard controls (e.g. ODH 

controlled areas)

• How can we improve system efficiency?
• E.g. grouping systems with common infrastructure 

requirements
• Minimising service runs, cables/pipes, reducing pumping 

requirements

• When will sub-systems be delivered, and does that impact 
layout? (probably not in the case of Boulby due to “block” layout, 
and redundant spaces)

• Testing regimes – impact on layout?

• How we consider this is quite different for a purpose-built 
facility vs fitting into an existing facility

Consider high-level design relationships, and location of sub-
systems relative to each other
• E.g. gravity fed systems (cryogenics relative to cryostat)

Where are the pinch points:
• Sub-systems competing for space
• Services (e.g. through the facility tank)

Schematic layout of XLZD in Boulby stage 2 lab

Extracts from XLZD UK CAD model
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Module Glitch Short (<5min) Medium (5min-1hour) Long (1hour-1day) Major (>1day)
DAQ System Device/Local Protetion

Controls Device/Local Protetion

Detector Device/Local Protetion

Networking Device/Local Protetion, some on UPS Some on UPS

Experiment Device/Local Protetion Off ? ? ?

Grid Supply Device/Local Protetion, some on UPS Some on UPS

Vacuum System Device/Local Protetion Off

Equipment Cooling Device/Local Protetion Off ? ? ?

Cryogenic Device/Local Protetion Surface Generator

LN generator Device/Local Protetion Surface Generator

Xenon Recovery Device/Local Protetion Off?

Xenon Gas Purigication Device/Local Protetion Off?

Xenon Liquid Purigication Device/Local Protetion Off?

Safety systems UPS UPS

Ventilation Device/Local Protetion Off

Air Conditioning Device/Local Protetion

Critical and Emergency lighting UPS UPS

General lighting Special Protection not Necessary

Radon Deduction System Device/Local Protetion Off?

Water Treatment Plants Device/Local Protetion Off ? ? ?

Chilled Water System Device/Local Protetion Off ? ? ?

Manufacturing Equipment Special Protection not Necessary

Cranes Special Protection not Necessary

Misc Special Protection not Necessary

Surface Generator

Off

Surface Generator?

Off

Off

Off

Off

Off

Surface Generator?

Surface Generator

Surface Generator

Off Surface Generator

Supply Power Outage

Off

Off

Off

Surface Generator

Surface Generator

Surface Generator

System architecture – Protecting the system
Module Glitch Short (<5min) Medium-Major (>5min)

DAQ System Hardware Damage

Controls Hardware Damage

Detector Hardware Damage

Networking Hardware Damage

Experiment Hardware Damage

Grid Supply Hardware Damage

Vacuum System Hardware Damage Interuption of Experiment Long Recovery

Equipment Cooling Hardware Damage Acceptable Hardware Damage

Cryogenic Hardware Damage Acceptable Long Recovery

LN generator Hardware Damage Acceptable Long Recovery

Xenon Recovery Hardware Damage Acceptable Long Recovery

Xenon Gas Purigication Hardware Damage Acceptable Long Recovery

Xenon Liquid Purigication Hardware Damage Acceptable Long Recovery

Safety systems Hardware Damage

Ventilation Hardware Damage Acceptable Compromise Safety

Air Conditioning Hardware Damage Acceptable Compromise Safety

Critical and Emergency lighting Insensitive

General lighting Insensitive Acceptable Acceptable

Radon Deduction System Hardware Damage Acceptable Long Recovery

Water Treatment Plants Hardware Damage Acceptable Long Recovery

Chilled Water System Hardware Damage Acceptable Long Recovery

Manufacturing Equipment Insensitive Acceptable Acceptable

Cranes Insensitive Acceptable Acceptable

Misc Insensitive Acceptable Acceptable

Interuption of Experiment

Compromise Safety

Compromise Safety

Power Outage Imapct/Risk

Interuption of Experiment

Interuption of Experiment

Interuption of Experiment

Interuption of Experiment

Interuption of Experiment

• We need to consider what happens when things fail, and how do we 
protect people and equipment

• Our approach is to capture the sensitivities and criticality of each 
system, and the effects of failure (Failure Mode and Effects Analysis -
FMEA)

• What are the risks?
• Which systems are critical?

• Could be critical because they are safety critical
• Could be critical because they can become 

damaged (and this incurs significant down-time 
and/or cost)

• How do we protect each system?
• UPS to cover back-up power start-up
• How can we reduce local UPS requirements?

• Thermosiphon
• Liquid Nitrogen storage
• Pneumatically controlled valves (with buffer tanks)
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We need to know sensitivities of your 
systems!
We would also like feedback on this 
approach.

Note:  Many of these considerations may be driven by safety



Interface 
control

Calls out relevant ICDs

We need to manage our interfaces!
• Lack of interface control results in systems that are 

incompatible
• For interface control we need to capture all the 

important information about the interface.
• XLZD have a proposed template for capturing this 
• The process allows us to see the impact of 

changes (through change control process) and to 
consult the right parties

For XLZD UK we are developing:
• Interface matrix
• ICD template to prompt users 

for all information needed

CAD model helps with 
interface identification
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Extract from XLZD UK proposed ICD 
template

We have started to collect interface information 
for UK scope, but with many blanks.
We need to work with the international project 
on this



Coordinating engineering resources
Consider how we make the most of engineering resources
• Utilising engineering resource – Make sure that the engineers understand the system well enough 

to contribute effectively
For UXLZD UK preconstruction:
• Senior engineers and physicists identified “technical challenges” 
• These are identified and tracked, and help WP managers to deploy their engineering effort in the 

right areas.
• These have been very helpful for us in getting the engineers up-to-speed and I would recommend 

this approach!

For XLZD UK, engineering coordinated centrally 
through WP7 (lead and integration engineer)

This approach allows us to:
• Effectively share information
• reduce duplication of work
• Coordinate/standardise processes, use of 

components etc.  E.g.
• Reduce variations of:

▪ Fasteners
▪ Tooling
▪ Lifting fixtures

We expect to 
develop a 
framework to 
collect 
information 
about designs 
and allow us to 
standardise 
where possible 
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Extract from XLZD UK engineering challenge spreadsheet

Idea for a universal lifting beam



Quality Control frameworks

• Components need to be traceable back through various processing steps, to the 
original material billet/certificate.

• To include information like; material certificate, batch, heat 
treatment, processing, metrology reports, order number, receipt, surface treatment, 
radioassay data.

• This tracking spreadsheet example was developed for another project
• We will need something like this for XLZD, probably more complex, with the 

cleanliness/radioactivity considerations

• We need to recognise that different sub-systems may have different focusses.
• There may not be a single solution that fits all!

We need to do this 
from the start.  

We cannot get this 
information back 
once it is lost.

We also need Frameworks/high-level guidance on things like:

• Inspection of components
• E.g. requirements for component interfaces that 

can’t be tested prior to shipping
• Thread gauging….

• Testing
• Spares count



Design for Integration

For example, a component like a large vessel will need:
• Lifting points
• Pumping attachments for leak/pressure tests
• Blanking flanges
• Crane/transport cart
• Assembly areas
• Clean areas
• Design for test rig/diagnostics
• Crate/transport diagnostics (accelerometers?)
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Notional lifting bar and lifting points
XD assembly tooling placeholder

Extract from staging CAD.  Features moving cranes to help step through assembly steps in CAD

We need to incorporate the following 
considerations into our design:
• How components are handled
• How they are transported 

(including international transit)
• What access is required?
• What tooling/equipment is 

required
• Where it is tested
• How it is tested
• Etc…
• These are all potential 

candidates for frameworks

Design reviews 
should check 
these things have 
been considered



Summary
Key messages from this talk:

Robust engineering processes are needed for large complex projects

Science has to define what is required

Engineering has to define how to deliver it

Make sure those two things are in step, and make sure the engineering 
specifications are aligned with the  science requirements

Consider what are your Engineering facility requirements drivers are, and the best 
way to meet them

Develop frameworks to help ensure that hardware meets all levels of 
requirements, as efficiently as possible

For big construction projects, Plan, plan, plan!

And there is far more to this than what I have discussed.  I 
have not talked about:
• PM frameworks (including review structure)
• Safety
• Cost/schedule/risk
• Options analysis
• Configuration control
• Change control
• Code implications for different sites
• Testing/verification
• Procurement frameworks
• Manufacturing frameworks
• Skills
• Document management
• Inventory system, travellers
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Questions?



Back-up slides
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Infrastructure requirements vs constraints

Current lab – 6000m3

Stage 1 lab (manufacturing facility) ~ 45,000m3

Shaft

Stage 1 excavation – 8m wide by 5m high

Stage 2 lab (experiment facility) ~86,000m3

*Preliminary - subject to geology checks

22Current lab photo – 6000m3

Consider:
• Requirements vs site constraints
• Where are the challenges?

E.g. for Boulby, current shaft 
restriction drives the need to fabricate 
some large components underground



The environment (facility) – Marshalling equipment as it arrives

At vendor's 
site

• Metrology
• Fit checks
• Report approved by XLZD

Surface 
building

• Unpack
• Visual inspection
• Weigh, metrology?
• Cleanliness sampling?
• Restorative Cleaning?
• Re-package for UG conveyance

Stage 1

• Unpack
• Visual inspection
• Processing
• Metrology, assembly, testing
• Package for conveyance

Stage 2

• Unpack
• Visual inspection
• Full assembly/testing

25m

30m

12.5m

10-15t CRANE

KITCHEN OFFICE 1 OFFICE 2 SERVER Rm

TOILETSGOWNING/SHOWERSISO CLEANROOMWSHP/CLEANLOCK

7m
UNDER HOOK

WORKSHOP
LOADING

ENTRY

MAIN GOODS
ENTRY

~110kW solar plant?

Consider what 
happens when 
parts arrive on site

Travellers to 
track 
components 
through their 
lifetime, 
including its 
journey 
through site

Boulby early conceptual surface building layout – Work In Progress
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Developing requirements into specifications
• Specifications define how a requirement can be achieved

• These can apply to individual components or parts of a system

E.g. for radiopurity requirements

• Flow down requirements to derive specifications at least at the WBS 
lv3 level.

• Avoid Blanket specifications that raise cost!

• Consider how specifications relate to all parts of the process, and 
who they affect.

Most stringent

Stringent

Becoming less stringent

Illustration of how radiopurity requirements might flow down to different parts 
of the system – Indicative only.
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Document control system
Must have:

Access control

Data protection/security/robust backup system

Document sign-off/revision control

Different doc types, templates 

Reserve unique document numbers

External links (SLACK, IDICO, GITLAB, Calendar, etc.)

Ability to share access across multiple organisations

Ideally have:

Top level “site” from which the system can be navigated (TWIKI style)

Assigned activities log and email prompts

Live documents

Drag & drop functionality (advanced searches)

Ability to share (full access) documents across multiple organisations worldwide

Associated template system

We have a SharePoint system 
that addresses all of the “must 
have” and most of the “ideally 
have”.  

Not perfect, but it is sufficient 
for XLZD-UK-pre-construction

Options for full project:

Upgraded SharePoint?
EDMS?
Doc DB?
TWIKI
……. 25



The system (the inputs)

What does it do (requirements)

What are the components

How are they connected

What are the services and how 
are they connected

What are the interfaces

The Environment 
(facility)

Where is it built, and what are 
the constraints (space, access)

What are the requirements of the 
experiment on the Facility

What are the limitations of the 
facility

What are the interfaces to the 
facility

What are the applicable local 
standards/codes

System architecture 
(defining XLZD)

What are the important 
relationships in the system

Hardware-software interface

Level of control/system 
autonomy

Instrumentation

Interlocks and automated 
control loops

Design for 
manufacture/assembly

Specify lifting/ handling points

Standardisation of 
lifting/transport rigs and 

assembly tooling

Standardisation of components 
and fasteners

Standardisation for reduced 
tooling and accessories

Engineering 
coordination

Controlled documents, and sign-
off

CAD Product Lifecycle 
Management System

CAD integration model/manager

Component tracking documents 

Assembly & Testing

Assembly and resourcing plans

Assembly tooling (off-the shelf)

Assembly tooling (bespoke)

Access platforms

Assembly and Test plans (and 
acceptance criteria) 

Where do the Engineering challenges lie

Outstanding R&D.  Possible late design changes?

Cleanliness/radiopurity

Manufacturing/ tolerances

Pinch-points for access and services

Testing that can’t be done early (High risk)

holistic approach – system efficiency
What are the inter-dependencies within the system

How do we meet distributed requirements (flow-down/budgets)

Where can we make efficiency savings (wholistic approach)

Protection – People, the environment, the experiment
What are the critical systems for safety, Xenon retention, and protection of experiment and infrastructure, and how are they protected?

What are the appropriate design/safety codes, and how do we ensure compliance throughout?In
te

gr
at

io
n
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Developing facility requirements

Routine slinging – man shaft Routine slinging – rock shaft

Size constraints for different slinging configurations in the man shaft and the rock shaft

Consider:
• What are our largest components, and what 

access do they need?
• Are there any restrictions that we cannot 

control?
• What is the impact of these on 

manufacturing/assembly of the experiment?

For Boulby: T
• The current shaft restriction would require 

some fabrication to take place underground

• Access

• Geological constraints on lab 
layout

• Cooling/ventilation capacity

• Impact of assembly 
infrastructure on fire control

• Floor loading requirements

• Power requirements

• Radon reduction constraints
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Lab layout driven by XLZD requirements and mining 
costs

In this design, mining cost is minimised using basic 
mining techniques (minimal civil engineering)

Mostly sticking to tried and tested lab widths (8m) and 
support cross sections (30m). Support requirement 
places minimum lab length limit

Layout is dependent on geological constraints.  
Upper lab may be rotated relative to lower lab to fit 
different shape of polyhalite

X Min

X Max

Working within the constraints of the facility Stage 2 lab (experiment facility)
*Preliminary - subject to geology checks

XLZD at Boulby - Concept

• Access

• Geological constraints on lab 
layout

• Cooling/ventilation capacity

• Impact of assembly 
infrastructure on fire control

• Floor loading requirements

• Power requirements

• Radon reduction constraints

Bigger halls need bigger support pillars

There is flexibility around this (e.g. 
experiment shaft, which is a civil project), 
but this would require iteration with the 
mine

Need to understand the geology better, and 
studies are in progress 28



Working within the constraints of the facility
How will heat generated in the experiment 
be removed?  Is there a Limit?

Enclosed spray chamber proposed for 
Boulby

Increased mine humidity, and heat removal 
by this method is not unlimited (probably 
up to 4-5MW) due to mine’s wet-bult 
temperature limit

Boulby stage1 ventilation proposal - 
Provisional

• Access

• Geological constraints on lab 
layout

• Cooling/ventilation capacity

• Impact of assembly 
infrastructure on fire control

• Floor loading requirements

• Power requirements

• Radon reduction constraints
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Overhead cranes can increase the complexity of bulk-heads due too 
fire regulations.

Recommendation from lifting specialist to avoid complete crane 
coverage in favour of local lifting points with cart transfers in between

Helps avoid issue where crane overhead crane coverage impacts on 
fire control requirements

Working within the constraints of the facility
removable panel

removable panel

• Access

• Geological constraints on lab 
layout

• Cooling/ventilation capacity

• Impact of assembly 
infrastructure on fire control

• Floor loading requirements

• Power requirements

• Radon reduction constraints
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Consider:
• What are the floor load loading requirements

• Generally
• For specific aspect of the experiment

• For existing labs, are there floor loading limits that might affect 
how we handle components?

Provisional - Pile reinforcement concept for a 
basin to meet floor loading spec Part of an XLZD floor loading estimate 

Conceptual Boulby lab floor detailStage 1 current status (as excavated)

Developing facility requirements

For Boulby
• Floor reinforcement = additional 

cost/complexity.  
• Avoid blanket specs – work out the 

floor loading requirements in 
specific areas, and reinforce as 
appropriate.

• Access

• Geological constraints on lab 
layout

• Cooling/ventilation capacity

• Impact of assembly 
infrastructure on fire control

• Floor loading requirements

• Power requirements

• Radon reduction constraints
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 Consider: 
• What are the site limitations on power
• Overall consumption
• Reliability of power                                                        
• Possible restrictions on battery UPS in under-ground labs?
• Transmission losses from a surface UPS systems

In the case of Boulby:

• The limiting factor is not the 
power availability; it’s the ability 
to remove the heat generated

• Boulby anticipate adding a water 
evaporation system to remove 
up to 5MW of heat generated

• There is a 3kVA limit per under-
ground  UPS

• Boulby are working on a design 
for an electrical upgrade that 
includes dual supplies, and 
back-up power to meet 
anticipated XLZD requirements

Provisional design for Boulby lab electrical upgrade to meet 
anticipated XLZD requirements – work in progress

Developing facility requirements

• Access

• Geological constraints on lab 
layout

• Cooling/ventilation capacity

• Impact of assembly 
infrastructure on fire control

• Floor loading requirements

• Power requirements

• Radon reduction constraints
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• Current Rn targets – 0.05Bq/m3, in a volume of 2000-3000m3.
• Conventional (continuous flow) radon reduction would require megawatts 

of cooling- impractical to achieve underground.

• Vacuum swing system prototyped by SD Mines/SNOLAB has achieved a 
>1000x reduction from ~80Bq/m3 to 0.067Bq/m3 for a much reduced power 
consumption, but only in a 50m3 cleanroom volume.

• BUL has ambient radon concentrations of ~3Bq/m3, a good starting 
point for reduction at scale.

Developing facility requirements

Consider:
How do we achieve the required radon reduction 
level for assembly activities away from host lab, 
where we are dealing with higher ambient 
backgrounds?

Could they be centralised?

• Access

• Geological constraints on lab 
layout

• Cooling/ventilation capacity

• Impact of assembly 
infrastructure on fire control

• Floor loading requirements

• Power requirements

• Radon reduction constraints
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