
Boulby WP2.8 and Update 
Interim Report (440 pages) 
- includes LENA, MEMPHYS and GLACIER

NEW included in report:

Geophysics Update from Alan Auld Ltd.:
LENA Design/Simulations
MEMPHYS Designs/Simulations
GLACIER Update

Improved Cavern Designs

Liquid Procurement Assessment

New political support

Updates, transport, services and costs

Correction of errors

Two-layer structure in upper 
region not regarded as an issueAlan Auld Ltd.:



• Extensive surveys across the site: bore-holes but also IN-SITU studies 

• New excavation to start in East region to 1500m 

New ramp to 1300m now complete through dolomite

In-situ Rock Studies from Ramp

• New studies of dolomite below shafts 



General 



Local Industry (liquids) 



Rock Work Update 
Some errors corrected, updates from 
CPL and AAE



Glacier Section 



Glacier Cavern Design 
Alan Auld Ltd. Design
AMCO Ltd. Construction and Cost



AMCO Ltd. Construction and Cost

GLACIER Engineering (AAE)



New Rock Analysis (AAE) 

AAE conclusions agree with others

Ansys simulations



Glacier Ancillary Options 
Ancillary Rooms Liquid storage

Vent-bore 



GLACIER Alternative (SES)
• Single large raise-bore; internal staged spiral blasting
• Internal 15m cable bolting 
• 3 Phases: Roads, Dome, Main 
• Timeline (4+ years); Cost €48.5M 



Costs and Times 



GLACIER Management (AAE)
• Timeline (3 years); Cost €45M; management structure 



Tank Logistics 

Discussions with Technodyne/CPL

Meeting with Rhyal Engineering 
planned but not happened yet



Tank Logistics 



Liquid Procurement 



LENA Section 
Main Focus is 1300m and below



LENA - New ANSYS work (AAE) 



LENA - ANSYS further work 

etc....

AAE conclusions agree with others

Not yet included in 
the report

New studies at 
1400-1500m in 



LENA - ANSYS new work 
Not yet included in 
the report



LENA Cavern previous studies 

!

Active yield plots showing a 10m zone of 
reinforcement around the cavern with strengths of 
20MPa, 30MPa and 40MPa

• Shape selection development
Studies at 1400-1500m in Dolomite

• Rock-bolting and cabling studies
Previous studies

• Golders Ltd., AAE Ltd and 
our own work confirm 
stability is achievable



LENA designs/costs 



MEMPHYS section 



MEMPHYS designs/costs 



200 ton water shield at Boulby 



MEMPHYS designs/costs 



Conclusion - Highlights
• LAGUNA is feasible at Boulby (confirmed by several means)  

- with many interesting features...

• We would like to continue the study (much still to do, e.g.):  
- understand engineering logistics better (tank construction)
- understand rock removal logistics better 

- develop liquid procurement logistics (inc. pipeline) 

- firm up TOTAL costs and timelines 
- confirm HM Inspector approval in principle 

- understand ancillary caverns and decommissioning better 

- best construction start date ~ 2 years (to fit with CPL)
- the two layer structure is NOT a technical problem

- design the vent-bore concept



LAGUNA - WP3 [09/10-Frejus]



WP3 - deliverables (Mar 2010) 

    

WP3.3 A restricted report on the liquid procurement
WP3.4 A restricted report on the socioeconomic impact of 
the research infrastructure at each site

 
TIMETABLE for deliverable.....   

WP3.2 Confidential final report on safety



Tasks and responsibilities as specified
Task 9 Assessment of hazards events and risk analysis 
(USFD coordinator)
Task 10 Safety & monitoring of large underground tanks 
(ETHZ, Technodyne)
Task 11 Site specific impact of liquid procurement and tank filling 
(ETHZ, Technodyne, USFD)

Task 12 Final report on safety and environmental issues 
(USFD coordinator)
Task 13 Socio-economic impact of the research infrastructure on the sites 
(USFD coordinator)

WP3.3

WP3.4



Deliverable
WP 3.3



Objectives as in annex 1: 
• Identify potential safety and environmental risks for each target liquid 
• Assess legal authorization requirements for each target liquid
• Define interface and the sharing of responsibilities in terms of safety 

between the research infrastructure and the host (road tunnel or mine) 
• Evaluate the methods of the procurement of large quantities of each target 

liquid and the local safety impact and cost associated to the in-situ 
procurement of a given quantity of each target liquid 

• Define tank filling techniques maintaining the specifications during the 
process and their impact on the site 

WP3.3 Report Contents

Description of work as in annex 1: 
Assess the procurement of the cryogenic liquids via contacts with leading 
European companies in the market. The study will involve estimation of  costs 
and transport methods.  

•Each lab. provide draft report by 14th Jan 28th Jan



Task 10 Safety and monitoring of large underground tanks  

Some overlap between general safety/environment 
deliverable and liquid procurement deliverable...

• Tank/delivery instrumentation, gauges, leak detection
• Delivery-tank interconnections, communications
• Impact on cavern construction....

Task 10 - Liquids (ETHZ, Technodyne)



This task will evaluate the methods of procurement in large quantities of each 
target liquid and the consequence for each specific site. 

•Strategies to bring very large quantities of liquids into the underground tanks

•Availability nearby the sites will be investigated and costs for transport will 
be estimated taking into account purity at delivery

•Methods of local production and their impact on the site will be assessed. 

Task 11 - Liquids 

•The filling techniques of deep underground tanks avoiding recontamination 
will be defined.

•methods to further purify and maintain high purity levels

•emptying of the tanks will be addressed.

• Identify potential safety and environmental risks for each target liquid

•Assess legal authorization requirements for each target liquid

Task 11 Site specific impact of liquid procurement and tank filling  

(ETHZ, Technodyne, USFD)



WP3.3 Template per site
(1) Identify methods of procurement of large quantities (per site, per liquid)

(4) Possibility of production on site and/or underground 
  - e.g. water purification, liquid argon production

(2) Environmental impact, safety, logistical, issues of transport to site

- what (local) suppliers?, time scale for production, costs
- what transport to site (rail, road...)

(3) On site storage and/or transfer underground
- construction of underground pipeline, intermediate storage, safety
- transfer by containers through shaft/tunnel

- power consumption, ventilation, safety and disruption to tunnel/mining 
(5) Maintenance of liquid purity during and after fill

   - LAr boil-off sell it, disposal...agreements with company

Liquid Argon: Andre, 
Scintillator: Franz, Michael
Water: site specific...Memphys   



WP3.3 Draft



Canfranc:   missing all information but I know it's on the way
Frejus:        missing introductory section; tables not complete
Phyasalmi: missing introductory section; tables not complete
Slanic:        missing some information
Sunlab:       missing some information
Umbria:       please can we have a word version (not pdf), also missing 
introductory section

WP3.3 Draft Status



Deliverable
WP 3.4



(1) Stakeholder support, risks, benefits and impact
- Social, economic and political organisations and people relevant to the infrastructure - levels of 
support, risks and impact
- Table 3.5 collates information on organisations that will be influential in determining whether the 
infrastructure can or should proceed or not at the site.  

(2) Socio-economic impact assessment
- An assessment of the socio-economic impact that the new infrastructure itself will have
- Table 3.6 collates information on:

job creation, skills and knowledge exchange, economy, environment, local services, local 
transport, local political profile and status, impact on science for the region and nation, 
impact on society, schools and education, other impacts

Site owners, Environment Agencies, Emergency Services, Planning Agencies, Local Council, 
Authority. Local Public Transport, Local Mayor, Local MPs, Local MEP, Regional Development 
Agency, Support from National Scientific Community, Support from Local University Scientific 
Community, National Science Funding Agencies, Local, Regional, National University political 
support, Local Schools and Educational Authorities, Local Industry, Philanthropic Support, Other

WP3.4 Report Contents



Task 13 - Socio-economic 

From each site, coordinated together:

Report on the potential socio-economic impact of the 
construction and operation of the research infrastructure

- local communities will generally directly or indirectly 
benefit from the presence of a lab yet could also be affected 
by the construction and operation 

-task will attempt to quantify the impact and propose 
solutions to mitigate any possible negative aspects.

contact with the local governments needed

(USFD coordinator)



(1) See template used for WP3.1 (e.g. for Boulby)

WP3.4 (1) Template per site





WP3.4 (2) Template per site
(2) See template used for WP3.1 (e.g. for Boulby)



WP3.4 Draft Status



WP3.4 Draft Status

Boulby:       needs editing and updating
Canfranc:    missing all information but I know it's on the way
Frejus:         expand intro section; tables not quite complete
Phyasalmi:  missing introductory section; tables not complete
Slanic:         missing introductory section
Sunlab:        missing some information
Umbria:       please can we have a word version (not pdf), also missing  
introductory section



Environmental Impact Study

e.g. see outline for 
Boulby in WP3.1

Annex 6: Draft Socio-
economic Impact 
Analysis

This is missing from 
LAGUNA remit but 
perhaps could be 
included (one reason for 
project extension?)



Action is needed now on liquids (procurement) and 
Socio-Economic - these are potential critical paths

Actions and deadlines now

deadline: end Oct



Deliverable
WP 3.2





Deliverable 3.2 - month 24 

A final confidential report defining all safety and 
environmental issues of the sites

(i) additional infrastructure required for safe operation, in 
conjunction with the overall safety strategy of the host 
(road tunnel or mine)
(ii) include possible failure modes of each experiment
(iii) methods by which this risk can be mitigated
(iv) a risk analysis for each site



•emergency response equipment 
•air monitoring
•egress procedures
•hazardous material handling
•dedicated ventilation piping for the removal of boil off noble gas, cryogenic 

coolants, and toxic scintillator vapour
•containment systems for scintillator and liquid noble gas spillages. 

subject to commercial confidentiality where appropriate
assessment of:

site specific power requirements, installation of additional transformers for 
AC, ventilation, atmospheric purification, pumping and chiller systems, 
underground workshops, surface buildings, experimental areas, cranes and 
associated heavy duty equipment required during construction. 
identify alternative ventilation and cooling schemes for tailored cooling of 
sensitive components such as the heat exchange on compressors.

Task 12 - Final report

identify safety considerations: 



•emergency management plan
•fire containment procedures and evacuation route
•training required for the underground rescue and emergency response 

teams relevant to the specific experimental target material
•required steps to contain and dispose of hazardous laboratory materials
•decontamination in accordance with local law

failure modes for each experiment, making an assessment of the severity of 
each, the potential costs involved, and ways in which each can be mitigated.

Task 12 - Final report



Boulby WP3 progress [09/10] 
!

!

Working on:
Liquids at Boulby
Logistics, tank construction
Safety, vent-bore concept



Liquid Procurement 

Several 
conversations 
with Air 
Products and 
BOC

!

!



Safety vent concepts

Vent-bore option

AAE designing 
narrow shaft for 
supply and for 
ventilation direct to 
the LAGUNA site



- Liquid Argon or scintillator delivery to Boulby looks feasible: CPL 
have dedicated rail link to nearby port and to Tees including ICI major 
chemical works, 20 miles away.  ICI likely can produces LAr and 
Scintillator components? (needs confirmation)

- Underground (and above ground) workshop experience for tanks is 
good

- Water supply and purification also possible underground - strong 
capability to pump and deal with water (megatons)

- Boulby is used to pumping liquids down 
from surface, e.g. 300 tons/hr pipeline 
exists for slurry

Liquid Transport 

!

!



New Shaft Proposal Option
• Additional option designed by AAE - special design to pass planning
• Timeline (2+ years); Cost share (TBD): €15M (CPL),  €15M (LAGUNA)

• Based on Goddard base tunnel



WP3 - Boulby Next Steps 
(1) More work on local/regional political support: 

-New Government is re-shaping Regional Development 
Agencies   

 
(2) Costing of liquid procurement (work with BOC/AP) 

(3) safety issues: vent-bore costs 


