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Disclaimer: follow-up for Bologna presentation, refer to it for 

details of construction phase 



 P2IO: a common initiative in 2009 by all HEP, NP and Astrophysics 

labs in Orsay-Saclay 

› Physique des 2 Infinis et des Origines 

› Includes 8 labs, including CNRS/LAL and CEA/Irfu 

 Many pre-existing collaborations between these labs 

› Goal 1 : foster synergies between each others 

› Goal 2 : make fundamental physics visible in the new emerging Paris 

Saclay University 

 May be a funding opportunity… 

 P2IO built around several technological platforms 

› Electronics, cryogenics, accelerators, space technologies… 

› VirtualData = computing 

 Simulation, storage and analysis of large data volumes 
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 Only P2IO WG with all the 8 labs involved in 

› VirtualData : virtualization + real data! 

 Goal since 2009: build a computing expertise network around a 

shared computing platform 

› 130 people involved in computing 

 Development (~75) and Operations (~55) 

 Covering all main areas of expertise in computing 

 Strong links with computer sciences at Univ. Paris Sud  

› Shared computing platform hosted in 2 shared facilities to enable 
redundancy when needed 

 Use cloud expertise gained with StratusLab 
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 Several failed attempts to get funding for building these shared 

facilities (2010, 2011) 

 Computing facility crisis in the 3 main Orsay labs 

› LAL: major cooling incident end of 2010, need of major work to 
restore normal cooling conditions for the long term 

 ~150 k€ of infrastructure work needed in 2013 

› IAS: hosting of new computing resources required in 2013-14 but no 
space to do it 

 ~100 k€ of infrastructure work required in 2013-14 

› IPNO: cooling problems similar to LAL became critical late 2012 

 ~100 k€ of infrastructure work required 

 LABEX P2IO ready to participate to funding: ~250 k€ 
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 P2IO directors convinced end of 2011 that it was the right time to 
bootstrap a new computing hosting facility in Orsay 

› Ready to spend the money planned for local needs in a common 
project 

› Ready to look for additional funding to make a common project 
feasible 
 Budget “estimated” to 800 k€ 

 2 early design requirements 

› Build a new facility designed around high energy efficiency 
 Save on operation costs to enable some return on investment 

› Design a modular facility that can start small and grow according to 
the needs without significant increase of consolidated cost 

 Target date: 1st October 2013! 18 months left… 

› Latest possible date for avoiding local investments in labs 
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ROI : 3 to 5 years, worst case based on PUE difference only 
Flat power consumption, electricity cost +5%/year, 75% resources moved 

More resources moved: faster ROI 

2014 2015 2016 2017 2018 2019 2020 2021

Existing rooms (no investment) 360 k€ 801 k€ 1 330 k€ 1 955 k€ 2 685 k€ 3 527 k€ 4 492 k€ 5 589 k€ 

Existing rooms with required

investments
560 k€ 1 051 k€ 1 580 k€ 2 305 k€ 3 035 k€ 3 877 k€ 4 942 k€ 6 039 k€ 

New shared room 1 245 k€ 1 563 k€ 1 940 k€ 2 381 k€ 2 892 k€ 3 478 k€ 4 145 k€ 4 901 k€ 
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 Datacenter consultants hired beginning of July 2012 

› Critical Buildings 

› 2 storey technical building chosen 

 Final capacity target defined to 1,5 MW in 220 m2 

› Designed for the “next 10 years” 

› 84 “high density” racks, 50% computing, 50% storage 

 Computing rack: up to 30 kW and 1T 

 Storage rack: up to 15 kW and 1,5 T 

 Initial phase : 100 m2, 400 kW 

› 28 racks up to 15 kW 

 Existing resources are less dense than target 

› 2 water chillers required  

 Water chiller problems are the main source of unavailability 
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 Water cooled racks to be able to cope with high density racks 

› Our reference: open racks with heat exchanger in the rear door 
 LAL already had 2 of them from ATOS-racks (French company) 

 Air flow exits the rack at the same (or lower) temperature than it entered it 

 No complex air flow inside the rack: it goes straight through the machines 

› No cold/hot aisle containment… as there is no hot aisle! 

 No traditional cooling (ACU) in the room: saving space 

› Everything in water cooled racks 

› Water cooled racks more expensive but cost effective if no ACU 

 Cold water produced by free cooling as much as possible 

› Chillers with a free chilling unit: 300 kW/chiller 

› N+1 redundancy for chillers, matching the N+1 redundancy of electrical 
circuits inside the room 
 No UPS: 2 redundant power feeds from ERDF powering each circuit 

 Up to 6 electrical+cooling pole, providing 300 KW IT each 
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 New computing room delivered on time and on budget! 

› End of construction on October 1st as decided 18 months ago, 
despite asbestos found and cleanup during the construction! 

› Budget : ~900 k€, racks not included 

 A first batch of 16 racks delivered/installed mid-October 

› Mix of “passive” and “active” racks from ATOS-racks 

› 1 or 2 PDU (32A, 3 phases) per rack depending on HW installed 

› 16 racks full by January 2014… LAL moved 11 racks (160 kW) 
 + 2 existing racks existing at LAL moved 

 A 2nd batch of 13 racks bought early this year for budget reasons 

› Total of 31 cooled racks installed: room is full! (but not racks!) 

› New machines added regularly: expect 23 racks full by end of 2014 

 Room temperature = 22° , with progressive ramp-up up to 25°  

› Cold water temperature = 11°  
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 Wanted to optimize electrical cabling with a high number of 

machines per rack 

› 40+ plugs per rack 

› Decided for 32A 3 phases PDU 

 French regulation makes mandatory to have a 30 mA differential 

breaker and a 16A breaker protecting every plug 

› People protection 

› General solution: differential outside the PDU 

› Risk of instability in our case: typical leakage current per server is 1 to 
2 mA, multiplied by 20 to 30 plugs 

 Some datacenters decide not to put the differential breaker 

› Sometimes validated… 
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 We looked for a PDU with integrated differential protection 

› 2 groups of plugs per phase protected with a 16A thermal-magnetic 
+ differential breaker 

› For 3 phases: 6 groups of breakers… 

 Nothing standard with such a configuration: had to go for a 
custom solution 

› Found one vendor ready to make it: RARITAN 

› Quite pricy: ~1.5 k€ / PDU 
 Intelligent PDUs: remote monitoring + control per plug 

› Bought it for first batch of racks 

› 6 months later, first refused to do it again… then accepted with a 
slightly higher price! 

 Failed to convince a French company used to produce custom 
PDU to make this kind of device… 

› A risk for the future… hope to see the market evolve… 
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 2 types of rack defined, based on the max KW, rather than mixing 

HW to reach an average KW/rack 

› “Computing racks”: up to 25 kW/rack 

› “Storage racks”: up to 15 kW/rack 

› Envisioned mix: 50/50 

 Dense arrangement of racks, dense filling of racks to save space 

› No future opportunity to push the walls! 

› 1,1m interval between front doors, 0.9 m between rear doors 

› Rack filled as much as possible: up to 39U + network 

 After tender, ATOS Racks selected 

› Offering both active and passive racks, both regulated 

 Active rack with 2 intelligent PDUs : 10 k€, passive rack : 1.5 k€ saved 

› Known references : CEA; LAL already having 2 active racks 
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 Rack energy efficiency compared: active rack wins 

› 2 racks filled with the same HW: 39U of 1U servers (IBM 3550) 
 Used as compute servers (grid WNs) 

 ~300 W/server 

› Active rack: fan electrical consumption = 280W 
 Fan speed regulated by the pressure difference inside and outside the rack 

(goal = 0 Pa) 

› Passive rack consumption 1 kW greater than active rack (fans included) 
 Greater server fan speed in passive rack due to rack overpressure (4 Pa) 

 Passive row turned to be a radiator! 

› All passive racks in the same row: 9 racks 

› Air staying longer in the rack: temperature inside reaching 40-45° C 

› Top of the rack acting as a low temperature radiator 

› No fans in the room: no air flow, hot air confined above the rack 

› Fixed by adding 3 active racks in the row (+ isolating top of the rack) 
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 Larger scale computing room allowed to put in place a lot of 
infrastructure redundancy and monitoring 

› Chiller redundancy is a must 

› Automate monitoring water/air temperature, pressure, chillers and 
raising alarms in case of problems 
 Alarms sent by email: key feature for a shared infrastructure with nobody in 

the building (no office) 

› Ability to connect via a web browser to the automate: allows light-
out assessment of problems after alarms  

› Sorting out all regulation/monitoring problems has been longer than 
expected 
 Quite a number of false alarm at the beginning: very risky… 

 Importance of monitoring of every component 

› Cacti used to monitor PDUs, rack rear doors, rack valve aperture… 

› Possibility to monitor all the electrical equipments (switchgears…) 
 Not yet connected to the central monitoring but planned 
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Example from a 18 kW rack 
- On the left: PDUs power 

- On the right: rear door power, 
temperature of air exiting the rack, 
valve aperture 
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Valve aperture 

- top: passive 
- Bottom: active 



 We hope the current room to match our needs during the next 2 
years 

› A lot of interest on the campus for hosting resources there as this is a 
unique facility in Orsay 

› Need to prepare a future extension: 12 to 18 months to production 
 Started to look for funding… 

 Multiple paths to final target but a preferred scenario 

› Complete finishings for the whole surface (220 m2) 

› Add a small office space, elevator… 

› Complete plumbing 

› Add 2 electric + cooling poles 
 600 to 900 kW IT depending on the level of redundancy 

› Add 2 rows of racks (14) 

› Estimated cost : ~1 M€ 

› Final target (1.5 MW) : another ~1 M€, in 300 k€ increments 
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 P2IO VirtualData: a new horizon for LAL computing 
› LAL very much involved in the VirtualData WG 

 The new energy efficient datacenter is an asset for the computing 
future of our labs 
› Lower cost of computing operations 

› Better resiliency than a single lab can afford 

 Do not underestimate the need for automated management tools 
and monitoring: cooling is not the only technical challenge… 

 Keep the project at the right size!  
› Avoid unnecessary complexity: always a temptation 

› Size and complexity have a major impact on cost 

 Reuse experience! 
› HEPiX was a source of inspiration… 
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