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DULIA-Bio 2024:

Bio Sciences In Deep 

Underground Laboratories

Topics

• Life in extreme environments

• Life in low background radiation

• Astrobiology and Planetary Exploration

• Beyond-Earth Human Habitation

• Misc other subterranean Bio-science 

studies and discussion topics.

(DULIA = Deep 

Underground Laboratories 

Integrated Activity)



DULIA-Bio:

Bio Sciences In Deep Underground Laboratories

DULIA-Bio 2015 – Canfranc (LSC) Spain

Previous Workshops DULIA-Bio 2019 – 

Gran Sasso 

(LNGS) Italy



DULIA-Bio 2024:

Bio Sciences In Deep 

Underground Laboratories

Purpose (2024):

• Share and discuss ongoing research 

activities

• Networking: Create contacts within and 

between subject areas

Also…

• Consider / discuss future collaboration 

opportunities 

• Consider / discuss possible future 

scientific activities. In current and future 

facilities



Day 1:

• Introduction & Overview talks

Day 2: 

• Underground lab Bioscience programmes 1

• Life in low background radiation 1

• Deep underground microbiology studies

• Life in low background radiation 2

Day 3: 

• Life in low background radiation 3

• Underground lab Bioscience programmes 2

• Discussions

• Future networking / collaboration

• Future science activities

• Specifications for a purpose-built 

underground Biosciences Lab

DULIA-Bio 2024: Agenda

Day 1:
20 Talks. 45 Registrations: 25 in person, 20 online



Day 1:

• Introduction & Overview talks

Day 2: 

• Underground lab Bioscience programmes 1

• Life in low background radiation 1

• Deep underground microbiology studies

• Life in low background radiation 2

Day 3: 

• Life in low background radiation 3

• Underground lab Bioscience programmes 2

• Discussions

• Future networking / collaboration

• Future science activities

• Specifications for a purpose-built 

underground Biosciences Lab

DULIA-Bio 2024: Agenda

Day 2:



Day 1:

• Introduction & Overview talks

Day 2: 

• Underground lab Bioscience programmes 1

• Life in low background radiation 1

• Deep underground microbiology studies

• Life in low background radiation 2

Day 3: 

• Life in low background radiation 3

• Underground lab Bioscience programmes 2

• Discussions

• Future networking / collaboration

• Future science activities

• Specifications for a purpose-built 

underground Biosciences Lab

DULIA-Bio 2024: Agenda

Day 3:



Day 4: Thurs 22nd

• Optional trip to Boulby Underground Lab

Schedule

6am - Bus Pick up - York Guild Hall

7:30 am: Arrival at Boulby, induction and getting 

changed.

9am: Ride underground

9:30–1:30: Tour Underground Lab

2pm: Return to surface, change and lunch

2:45pm: Leave to return to York

4:15pm: (Approx): Arrive in Yorkunderground 

Biosciences Lab

DULIA-Bio 2024: Agenda

Permian 
Evaporites



DULIA-Bio 2024: Agenda

Evening Activities

• Monday: Free

• Tues - 7pm:  Workshop 

Dinner - THE IVY, St Helens 

Square, York YO1 8QP

• Wed:  Free

Workshop Dinner: Please get your menu 

selections in to Sue this MORNING…

The Ivy, St Helen’s Square, York, YO1 8QP



DULIA-Bio 2024:

Bio Sciences In Deep 

Underground Laboratories

Thanks to the Organising Committee:

• Aldo Ianni – LNGS

• Carlos Peña Garay - LSC

• Silvia Scorza - LSM

• Jari Joutsenvaara – Callio lab

• Laurence Wilson - York

• Charles Cockell – Edinburgh

• Julia Puputti - Boulby

• Sue Armstrong – Boulby

• Sean Paling - Boulby

Please ask the local (Boulby) team if you have any questions. 



Boulby 

Underground

Laboratory: 

Status and plans 

for the UK’s deep 

underground 

science facility.

Sean Paling

Boulby Underground 

Laboratory, UK

Sean Paling. Boulby Underground Lab. 2024



A working polyhalite and rock-salt mine on the North 

East coast of England.

 Owned by Israel Chemicals Ltd. (ICL-UK). Locally 

operated as Cleveland Potash Ltd.

 Major local employer: ~500 direct staff and 2000 

indirect employment.

 

Middlesborough

Whitby

Staithes

York

Ships worldwide for 

agricultural fertiliser

View from Staithes

Deepest mine in 

Britain: 1300km

Boulby Mine

Polyhalite: 

K2Ca2Mg(SO4)

The world’s first polyhalite mine 12 miles North of Whitby, N. Yorks



Boulby Geology & Mining
 Excavations are in Salt (NaCl), Potash (KCl) and Polyhalite 

(K2Ca2Mg(SO4)). Permian evaporite layers left over from the 

Zechstein Sea (250m.yrs past).

       Over 40 kms of tunnel mined each year (now >1,000kms in total), 

the long-lived roadways being cut in the lower NaCl layer.

 

Boulby Geology

Low activity salt

U ~67 ppb, 

Th ~125 ppb

PotashPolyhalite

Rock-Salt

Mine Shafts

Typical Boulby 
Salt Roadway

Zechstein Sea

Current Lab
 (2017)

>1000kms of 

tunnel mined 

in 50 years



Permian Evaporites

Boulby Underground Laboratory

The UK’s deep underground science facility 
operating in a working potash and salt mine.

1.1km depth (2805 mwe). With low background 
surrounding rock-salt

Operated by the UK’s Science & Technology 
Facilities Council (STFC) in partnership with the 
mine operators ICL-UK

Factor ~106 

reduction in 

cosmic ray flux

vs. surfaceA QUIET place in the Universe

Outside 

Experimentation Area 
(OEA)

Lab entrance

4000m3 class 10k 

and 1k clean lab 

space



BUGS Material screening

Office space, chemistry & 
clean prep lab, storage and 
staging space, IT room, 
conference room, 

Surface support and 
staging building

Boulby Underground Lab Facilities 2023: >4000m3 class 1k & 10k 
(ISO 6 & 7) clean room lab space. 10Gb Internet. AC, air filtration, 
5T & 10T lifting, LN generation, fume hood & clean prep space. 
3000m3 Outside Experimentation Area (OEA) with power & 
internet. Supported access to wider mine environs.

3000m3 Outside 

Experimentation Area

Supported access to 
surrounding geology & UG 

environs. Power, 
wifi/internet.



Large Experimental 
Cavern (LEC)

‘Outside Science’ 
Geology & 
Geophysics 
Astrobiology, 
MINAR, Mars 
Analogue space

Old lab collapsed to create 
‘outside experimentation 
area’

Lighting, 240/110V power, Internet 
/ WIFI. Ventilation, doors, MINAR 

Base Station Hut

Outside Experimentation / MINAR Area:

OEA/MINAR Control Hut

Outside Experimentation 

Area (OEA)

RECON Project

Bio-SPHERE

sean.paling@stfc.ac.uk                                          March 2024



Boulby Underground 

Laboratory (UK)



Boulby Science Now & Future
Particle physics and ultra-low background studies



Multidisciplinary Science 
Applied low background particle physics, Earth and 
Environmental science, Astrobiology & Planetary Exploration 
Technology Development.

MINAR: MINe Analogue Research

MINAR:

Astrobiology and planetary exploration technology development



A new world-leading UK underground science 

facility hosting next-generation science 2030+

• Searches for Dark Matter (inc. XLZD)

• Neutrino studies

• Quantum Sensors, Quantum Computing

• Pure & applied low background particle physics

• Earth and Environmental Sciences 

• Astrobiology & planetary exploration.

• Outreach, Education and more…

“Towards a major new underground science facility in the North East, with 

the potential to host a major international science infrastructure, such as a 
next generation dark matter experiment.” 

A new UK facility will bring:

• HIGH-impact, world-leading science

• LARGE multi-national collaborations

• BIG fundamental science questions

• MAJOR local & national investment, 

employment, impact and visibility

Government ‘fit’: Levelling Up, Strength in Places, UK 

Science Superpower…

Boulby Development Project (BDP) 

3-year Preliminary IF-funded study

~£3M from 2022-2025

• Site & facility development

• Science prog development

• Business case development

• Stakeholder liaison

Led by STFC/UKRI & UK science community

The Boulby Development Project (BDP)…

LZ: 

10 T 

Liquid 

Xenon

Next Generation (XLZD: 50-100T) 

to operate in the UK?

A LARGER and more ADVANCED lab is needed 

for major new science to be hosted in the UK

DRAFT design from 2021 

Boulby Feasibility study



Excavations for stage 1 of expansion 

currently expected to begin mid-2024. 

A new lab @ Boulby

Boulby Development Project 

New Laboratory and New Science.

DRAFT: 2-stage Designs

Stage 2 Polyhalite)

Total volume 

(Stage 1 + stage 2) 

~120,000m3 

Stage 2 

(Polyhalite)

~(30m)3 main 

cavity

Stage 1: Clean manufacturing and multi-
science lab in salt (1.1km) - 2028

Stage 2: Full depth science lab in 
Polyhalite (1.3km)  ~2030+

Phase 1 lab (salt 1.1km)

Stage 1 (2028)
Stage 2 (2030)
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10 x 6 x 4.5 44 x 6 x 4.5
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18 x 10 x 6
   (20 x 9.2 x 4.5)
  storage on roof

28 x 8 x 12
(20 x 9.2 x 4.5)

12 x 12 x 7.2 

60 x 12 x 12
(65 x 9.2 x 4.5-15)

Personnel/Xe

to Stage 2 in salt

Electro-chem/Wet-lab 
below load platform
         12 x 12 x 6

16 x 12 x 7.2
(20 x 9.2 x 7.2)

Mine services 
feedrooms

6 x 6 x 3m deep 
assembly pit: 
15m headroom

12 x 12 x 12 

load platform, 7m height

28 x 8 x 12

40 x 12 x 10
  (40 x 9.2 x 7)

15 x 6 x 4.5
(20 x 9.2 x 4.5)

“office clean” route to obs window/platform

23 x 8 x 4.5 restrooms

Access drift to -1.3 km depth polyhalite

existing salt roadway
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32 x 6 x 4.5
(20 x 9.2 x 4.5)

storage

10 x 12 x 7.2
  (15 x 9.2 x 4.5)

Storage

18 x 8 x  10-12

32 x 6 x 4.5

03 Oct 2023 AB,DW,JH,PE
Last change 16 Nov 23 AB/JH/PE/DW 

to Stage 2 in polyhalite

ISO7

office

Assembly, Test, Store

Clean Manufacture

load platform, 7m height

286m

118m

<<<(1:8)

>>> (1:8)

>>> (1:8)

>> (1:20)

Cleaning/
debagging

Cleaning/
debagging

Waste tanks

W
aste tanks

0 100 200 300
Stage 1, salt, -1100m

North

Hall

South
Hall

Stage 1 (Salt)



Boulby Development Project: 

Stage 1 Excavation

Excavation well underway. Completion mid 2025 (Outfitting ~2028)

Stage 1 

Functional 

Design

Progress 

August 2024
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Sean Paling. Boulby Underground Lab. 2024
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