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Agenda 

• The contest: LHC Experiments Detector Cooling installations 

• Examples from LHC construction 

• The life of a project for Detector Cooling installations 

• Document management in EN/CV/DC 

• Conclusions 
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EN/CV/Detector Cooling Installations 

M. Battistin 

Water 
leak-less 

Monophasic 
PFC 

Biphasic PFC Biphasic 
CO2 

ALICE 5 2 

ATLAS 6 3 3 1 

CMS 8 

LHCb 1 3 

TOTEM 1 

Others 5 1 

Total 17 15 6 1 

• 39 cooling stations built from 2001 to 2011 

• Cooling power: 1 to 150 kW 

• Distribution lines: 2 to 204 per installation 

• Overall installations value about 10 MCHF 

 



European Organization for Nuclear Research - Organisation européenne pour la recherche nucléaire 

An integration of competencies  

• Fluid energy cycle:   inside the detector  inside the cooling station 

• Specific competencies:  hydraulic components, electricity, control, … 

   structural design, silicon technology, electronics technology… 

• Shared competencies:  heat transfer, connections, … 

Underestimate quality during the R&D and construction phases can lead to… 

EN/CV/DC 
Cooling station 

Connection 
piping 

Distribution 
manifolds 

Distribution 
lines 

Detector 
electronics 
component 

CERN/EN 
responsibility 

Experiment 
responsibility 

Detector 

EN/CV 
Cooling network 
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Some example 

• Pixel cooling loops: 8 bar  4 bar 

• Leak-less circuit @ 1.2 bar. Pressure test. 

• Components ware: filters  

• Connections selection: different solutions for each sub-

detector. Leaks. 

• … 
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To recover conformity: major works or main operation problems… 



European Organization for Nuclear Research - Organisation européenne pour la recherche nucléaire 

M. Battistin 7 CERN - 4th November 2011 

Could we do better? 

Synergy 
 engineering 
 components 
 control 
 supervision 
 technical documentation 
 CAMMS 
 resources optimization 
 
Flexibility 
 planning adaptation 
 technical aspects 
 
Solutions across Experiments 
 cross-fertilization 
 debugging 
 
Cost 
 material selection (technical-cost drivers) 

Integration with the experiment 
 leak requirements 
 pressure test 
 connections 
 commissioning procedure 
 quality management 
 
  
Lay-out  
 M&O approach 
 
Communication with detectors communities 
 technical consulting 
 specification evolution 
 

Which problems have we (TS and Experiments) faced during these years? 
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During the Project Development  

Many different detector communities have dealt at least with the following issues: 

• How shall I do a leak test? What is the leak tightness level I have to assure? 

• What is the pressure value I have to test my detector? 

• How shall I perform a pressure test? 

• Which kind of connections are good for the pipes inside my detector? 

• How can I assure the cleanliness of my pipes? How can I measure it? 

• Which phases I have to perform during commissioning? 

• … 

Did the detector communities have resources to deal and solve these issues?  

• Yes: high quality standard for the correspondent detector 

• Partially: the technical solution has NOT been uniform across the detectors 

• No: the problem has been partially solved or simply neglected 

Proposal from our experience 
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End of 2007 - TS/CV/DC proposals 

• Collaboration to the LHC upgrade projects of the Experiments (connections, pressure 

tests, leak test, cooling performances, cooling path evaluation, etc.): active participation 

to the debates and reviews; follow up the cooling need evolution; definition of the new 

specifications. 

• Agreement for the construction of cooling system prototypes. 

• Structured integration of the CFD (Computational Fluid Dynamic) activity into the R&D 

process since the beginning. 

• Definition of roadmaps with common “validation” steps to reduce or avoid the sliding 

of the project. 

• Development of knowledge on new cooling concepts. 

• Set-up and coordination of common a “cooling test facility” at CERN to validate the 

cooling performances on the detectors’ prototypes. 

In the meantime EN/CV/DC improved the quality approach to project management 
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Project management for a DC cooling station  

Technical Requirements 

Engineering Specification 

Engineering review(s) 

Construction 

Test and commissioning documents 

approval 

 

 

 approval 

 

 

 approval 

 

 

 

approval 

 

 

 



European Organization for Nuclear Research - Organisation européenne pour la recherche nucléaire 

Earned Value Management (EVM) technique  

• Engineering Specification Definition 

• Project Breakdown Structure 

• Equipment coding convention 
PBS 

• Work Breakdown Structure  

• List of Working Units 
WBS & WU’s 

• Resource Responsibility Matrix RRM 

• Work Units dictionary WU 

• Planning & Cost Follow-up 
Project coordination 

schedule 
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Project Breakdown Structure 

12 

Code Label

2 Water circuit
2.1 Water piping

2.2 Water pumping station

3 Chiller Circuit
3.1 Chiller N1

3.2 Chiller N2

4 Brine circuit
4.1 Brine piping

4.2 Brine Piping Insulation

4.3 Brine pumps

4.4 Brine Tank

4.5 Brine Electrical Heater

4.6 Brine Components

4.7 Brine Assembly

4.8 Brine Station Insulation

5 Thermosyphon Condenser
5.1 Condenser

5.2 Degassing System

5.3 Sonar System

5.4 Condenser Components

6 Thermosyphon Piping
6.1 Thermosyphon Piping

6.2 Pipe Engineering

6.3 Thermosyphon Piping Supports

6.4 Thermosyphon Piping Insulation

6.5 Thermosyphon Piping Installation

7 Thermosyphon USA15
7.1 Recuperation Heat Exchanger (RHX)

7.2 Heaters Before the RHX

7.3  Heater after the RHX

7.4 Components (valves, filters, etc.)

7.5 By-pass Piping

7.6 Dummy Load

7.7 Flowmeters

7.8 Thermosyphon USA15 Assembly

7.9 Thermosyphon USA15 Installation

8 Instrumentation
8.1 Instrumentation components

9 Electricity
9.1 EN/EL Power Supply

9.2 EN/CV/DC Power Supply

10 Control
10.3 Pneumatic system for the Chillers

10.4 Pneumatic system for the Thermosyphon Circuit

10.5 Pneumatic system for the Brine Circuit

10.6 Interface between evaporative and Thermosiphon

11 Civil Engineering
11.1 Chiller N1 Support Structure

11.2 Condenser Roof Structure

11.3 Chiller N2 Support Structure

11.4 Crio Truck Access Road

Product Breakdown Structure

Work units

Water Chiller 

Brine 

Condenser 

Piping 

USA15 Civil eng. 

Instrumenta
tion 

Control 

CERN - 4th November 2011 
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1 Project management and integration
1.1 Project management

1.1.1 Manage the project X

1.1.2 Issue project management documents R X

1.1.3 Prepare Technical Note Document R X

1.1.4 Prepare P&ID and part list R X

1.1.5 Prepare Risk Analyses Document R R

1.1.6 Prepare Hydraulic Dossier Document R X

1.1.7 Prepare Electrical Dossier Document R I

1.1.8 Prepare Thermosyphon Safety File Document R I

1.2 Integration Studies
1.2.1 Integration of the Water Circuit R X

1.2.2 Integration of the Chiller N1 Circuit R X

1.2.3 Integration of the Chiller N2 Circuit R X

1.2.4 Integration of the Thermosyphon Condenser R X

1.2.5 Integration of the Thermosyphon Piping R X

1.2.6 Integration of the Thermosyphon USA15 R X

2 Water circuit

2.1 Water piping
2.2.1 Design of the water piping I R

2.2.2 Tender of the water piping installation I R

2.2.3 Water piping installation I R

2.2 Water pumping station
2.2.1 Design of the water pumping station I I

2.2.2 Tender of the water pumping installation I I

2.2.3 Water pumping station installation I I

2.2.4 Water pumping station commissioning I I

3 Chiller Circuit
3.1 Chiller N1

3.1.1 Design specification for the Chiller System R

3.1.2 Market survey for the Chiller System R

3.1.3 Invitation to Tender for the Chiller System R

3.1.4 Place order for the Chiller System X

3.1.5 Follow up of the Chiller Hydraulic Design and Construction R X

3.1.6 Follow up of the Chiller Control Design and Construction I

3.1.7 Installation of the Chiller N1 R X

3.1.8 Commissioning of Chiller N1 R X

3.2 Chiller N2
3.2.1 Place order to buy second chiller unit X

3.2.2 Follow up of the Chiller Hydraulic and Control Construction X

3.2.3 Installation of the Chiller N2 X

3.2.4 Commissioning of Chiller N2 X

4 Brine circuit
4.1 Brine piping

4.1.1 Design Specifications for the Brine Piping X

4.1.2 Design of the Brine Piping R

4.1.3 Order/Purchase of the Brine Piping installation I R

4.1.4 Brine Piping installation

4.2 Brine Piping Insulation
4.2.1 Design specifications for the Brine Piping Insulation R X

4.2.2 Tender the Brine Piping Insulation R X

4.2.3 Install the Brine Piping Insulation X

4.3 Brine pumps
4.3.1 Design specifications for the Brine Pumps R X

4.3.2 Procurement of Brine Pumps R X

4.3.3 Purchase of Brine Pumps I X

4.4 Brine Tank
4.4.1 Design specifications for the Brine Tank R X

4.4.2 Tender for Brine Tank R X

4.4.3 Purchase or the Brine Tank I X

4.5 Brine Electrical Heater
4.5.1 Design specifications for the Brine Electrical Heater R R

4.5.2 Procurement of Brine Electrical Heater R R

4.5.3 Purchase of Brine Electrical Heater I

4.6 Brine Components
4.6.1 Design specifications for the Brine Components I R

4.6.2 Procurement of Brine Components I R

4.6.3 Purchase of Brine Components I I

4.7 Brine Assembly
4.7.1 3D drawing of the mechanical assembly R X

4.7.2 Build up of the Brine Station Skid R X

4.7.3 Installation of the Brine components on the Station Skid and roof I X

4.8 Brine Station Insulation
4.8.1 Design specifications for the Brine Station Insulation R X

4.8.2 Tender for Brine Station Insulation R X

4.8.3 Install the Brine Station Insulation I X

5 Thermosyphon Condenser
5.1 Condenser

5.1.1 Design specifications of the Condenser R X

5.1.2 Tender of the Condenser R X

5.1.3 Purchase of the Condenser X R

5.1.4 Installation of the Condenser I X

5.2 Degassing System
5.2.1 Design of the Degassing System I X

5.2.2 Build up of the Degassing System I X

5.2.3 Installation of the Degassing System I

5.3 Sonar System
5.3.1 Design of the Sonar System I R

5.3.2 Build up of the Sonar System I R

5.3.3 Installation of the Sonar System I R

5.4 Condenser Components
5.4.1 Design specifications for the Condenser components I R

5.4.2 Procurement of the Condenser Components I R

5.4.3 Purchase of the Condenser Components I R

5.4.4 Installation of the Condenser Components I R

6 Thermosyphon Piping
6.1 Thermosyphon Piping

6.1.1 Design Specification of the Thermosyphon Piping R X

6.1.2 Purchase of the Thermosyphon Pipes R

6.1.3 Cleaning of the Thermosyphon Pipes I

6.2 Pipe Engineering
6.2.1 Pipe Design Calculations X X

6.3 Thermosyphon Piping Supports
6.3.1 Design Specifications for the Thermosyphon Piping Supports X X

6.3.2 Suply of the Thermosyphon Piping Supports I

6.3.3 Install Thermosyphon Piping Supports I

6.4 Thermosyphon Piping Insulation
6.4.1 Design Specifications for the Thermosyphon Piping Insulation I X

6.4.2 Tender of the Thermosyphon Piping Insulation I

6.4.3 Purchase of the Thermosyphon Piping Insulation I

6.5 Thermosyphon Piping Installation
6.5.1 Installation of the Thermosyphon Piping I X

6.5.2 Installation of the Thermosyphon Piping Insulation I X

6.5.3 Pressure Test of the Thermosyphon Piping I X

7 Thermosyphon USA15
7.1 Recuperation Heat Exchanger (RHX)

7.2.1 Design Specifications for the RHX R X

7.2.2 Procurement of the RHX R R

7.2.3 Purchase of the RHX R R

7.2 Heaters Before the RHX
7.2.1 Design Specifications for the Heaters before the RHX R R

7.2.2 Procurement of the Heaters before the RHX R R

7.2.3 Purchase of the Heaters before the RHX R R

7.3  Heater after the RHX
7.3.1 Design Specifications for the Heater after the RHX R R

7.3.2 Procurement of the Heater after the RHX R R

7.3.3 Purchase of the Heater after the RHX R R

7.4 Components (valves, filters, etc.)
7.4.1 Design Specifications for the RHX R R

7.4.2 Procurement of the Thermosyphon RHX R R

7.4.3 Purchase of the Thermosyphon RHX R R

7.5 By-pass Piping
7.5.1 Design Specifications for the By-pass Piping R R

7.5.2 Procurement of the By-pass Piping R R

7.5.3 Purchase of the By-pass Piping R R

7.6 Dummy Load
7.6.1 Design Specifications for the Dummy Load R R

7.6.2 Procurement of the Thermosyphon Dummy Load R R

7.6.3 Purchase of the Thermosyphon Dummy Load R R

7.7 Flowmeters
7.7.1 Design Specifications for the Flowmeters R R

7.7.2 Procurement of the Flowmeters R R

7.7.3 Purchase of the Flowmeters R R

7.8 Thermosyphon USA15 Assembly
7.8.1 Design of the Skid Strucutre R R

7.8.2 Build up of the Skid Structure R R

7.8.3 Installation of the components on the Skid Structure R R

7.9 Thermosyphon USA15 Installation
7.9.1 Installation of the Skid Structure in USA15 I H

7.9.2 Installation of the components on the Skid Structure in USA15 I H

7.9.3 Pressure test of the USA15 Installation I H

8 Instrumentation
8.1 Instrumentation components

8.1.1 Design Specifications for the Instrumentation Components I

8.1.2 Procurement for the Instrumentation Components I

8.1.3 Purchase of the Instrumentation Components I

8.2 Instrumentation Installation
8.2.1 Installation of the Instrumentation Components I

8.2.2 Cabling of the Instrumentation Components I

8.2.3 Commissioning of the Instrumentation Components I

9 Electricity
9.1 EN/EL Power Supply

9.1.1 Design specifications for the Electrical Power Type and Consumption X X

9.1.2 Install the Electrical Cables and Cupboards for the Chillers (Normal + Diesel) I I

9.1.3 Install the Electrical Cables for the Chillers Control Electrical Cupboard (UPS) I I

9.1.4 Install the Electrical Cables to the Brine Power Electrical Cupboard (Normal + Diesel) I I

9.1.5 Install the Electrical Cables to the Brine Control Electrical Cupboard (UPS) I I

9.1.6 Install the Electrical Cables to the Thermosyphon Power Electrical Cupboards (Normal + Diesel) I I

9.1.7 Install the Electrical Cables to the Thermosyphon Control Electrical Cupboard (UPS) I I

9.1.8 Commissioning of the Electrical Power Supply I I

9.2 EN/CV/DC Power Supply
9.2.1 Brine Power Electrical Cupboard I I

9.2.2 Brine Control Electrical Cupboard I I

9.2.3 Thermosyphon Power Electrical Cupboard N1 I I

9.2.4 Thermosyphon Power Electrical Cupboard N2 I I

9.2.5 Thermosyphon Control Electrical Cupboard N1 (surface) I I

9.2.6 Thermosyphon Control Electrical Cupboard N2 (cavern) I I

9.2.7 Water Circuit Power Electrical Cupboard I I

9.2.8 Water Circuit Control Electrical Cupboard I I

10 Control
10.1 Chiller Control Cupboard

10.1.1 Finalise Functional Analyses with Chiller Supplier I

10.1.2 Program software according suppliers fucntionnal analysis I

10.1.3 Purchase PLC for the control of the chiller circuit I

10.1.4 Test software for the control of the chiller circuit I H

10.2 Thermosyphon Control Cupboards
10.2.1 Functional analysis for the thermosiphon circuit I X

10.2.2 Program software for the control of the TS I

10.2.3 Purchase PLC for the control of the TS I

10.2.4 Test software for the control of the TS I H

10.3 Pneumatic system for the Chillers
10.3.1 Purchase Chillers pneumatic module 

10.3.2 Connect Chillers pneumatic module to ATLAS pneumatic network

10.4 Pneumatic system for the Thermosyphon Circuit
10.4.1 Purchase Thermosyphon pneumatic modules

10.4.2 Connect Thermosyphon pneumatic module to ATLAS pneumatic network

10.5 Pneumatic system for the Brine Circuit
10.5.1 Purchase Brine pneumatic modules

10.5.1 Connect Brine pneumatic module to ATLAS pneumatic network

10.6 Interface between evaporative and Thermosiphon
10.6.1 Detailled design of the changes to be programmed R R

10.6.2 Program modifications for the interface R R

10.6.3 Test modifications for the interface R R

11 Civil Engineering
11.1 Chiller N1 Support Structure

11.1.1 Tender Chiller N1 Support Structure (GS/SE) X H

11.1.2 Construction of Chiller N1 Support Structure

11.2 Condenser Roof Structure
11.2.1 Tender Condenser Roof Structure (GS/SE) X X

11.2.2 Construction of Condenser Roof Structure I

11.2.3 Installation of Condenser Roof Structure I

11.3 Chiller N2 Support Structure
11.3.1 Tender Chiller N2 Support Structure (GS/SE) X

11.3.2 Construction of Chiller N2 Support Structure X

11.4 Crio Truck Access Road
11.4.1 Tender Crio Truck Access Road (GS/SE) I

11.4.2 Construction of Truck Access Road (GS/SE) I

12 Commisioning
12.1 Comissioning Brine Circuit

12.1.1 Permformance Test of Brine circuit X X

12.2 Comissionning Thermosyphon Circuit
12.2.1 Performance Test of the Thermosyphon Circuit Through Dummy Load X X

12.2.2 Performance Test of the Thermosyphon Circuit Through ATLAS detector X X

12.3 Comissionning Switching with Evaporative Cooling Plant
12.3.1 Performance Test of Switching from the Thermosyphon Plant to Evaporative Plant I R

12.3.2 Performance Test of Switching from the Evaporative Plant to Thermosyphon Plant I R

Responsibility and Resources Matrix

Working units
Resources

EN/CV/DC

X -> Execute the work.

R -> Review the work done. 

I -> Must be informed. 

H -> Can provide help or tuitions. 

N -> Needed to have the work completed. 

black b.g -> Lead working unit and monitor progress. 

grey b.g -> contribute to decisions                                                                                                    
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Cost tracking 

• Cost variance 

• Schedule variance 
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Working document are stored on sharepoint 
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Installation P&I – component unique name 

Crespo.o

05/10/09

CERN/TS/CV

TOTEM Roman Pots

C3F8

EVAPORATIVE COOLING STATION
EDMS

895837 v.1

No scale
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Mixed water 
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tank
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RP coil 01
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Back Pressure Regulators

100 mbar @
 10 g/s

Pressure Regulators

100 mbar @
 10 g/s

PT07PT08PT09PT10

NONONONO

NCNCNCNC

TT15TT25

PID reg

PID reg

PID reg

G

E

Donaldson 

Ultrafilters

BPR Tescom

1"f

1"f1"f

NC

DN25

DN25

Copper return 

gas line 26/28
Copper supply 

liquid line 12/14

PR Tescom

½"f

G

PT27

BPR_01_71

BPR_02_73

BPR_03_31

BPR_04_33

PR_01_71

PR_01_73

PR_01_31

PR_01_33

PCV01

PCV02

PCV03

PCV04

PCV15

PCV25

MF11

MF21

COMP_1

COMP_2

ECV11

ECV21

ECV12

ECV22 REV11
REV12

REV21
REV22

PCV16PCV26
DN32

MLT

01

NC

NC

TC01PCV05

PCV07

PCV08

PCV09

PCV10
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REV02
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V01

ERV01

HPX01

LP01

DN25

[welded]

DN65

DN25

FSG01

FSG02

TT08
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AIR 

SUPPLY
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EVA_15
Electro-pneumatic array

TT03

TT05

TT06

TT04

EXCH01_08
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VNR20
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MV02

FT02

MV02 MV03

MV04

MV05

MV06

MV07

DHY02

DHY01

HT01

PCV11
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MV08

MV09
PR02

AC01

DN50

[between flanges]
DN65

¾"

½"

Drain 

DN10 welded

3/8" thread

DN25

DN32

[welded]

FT01
DN15

HT02

MF21

MF22

MV09

MV08

MF30

LOOP 2

Rp_56_220

LOOP 3

Rp_45_220

LOOP 4

Rp_45_147

FS01

Asap valve

(manual)
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Part list for all 

components 

Circuit:  

•TS 

•Brine 

•Water 

 

Status of the order:  

•Review/Pending 

•Offer requested 

•Offer received 

•Ordered 

•Arrived/Stock 

 

Description of the 

components 

Function 

P&I reference 

Supplier 

Price 

Order number 

 

 

P&I 
reference 

Order 
status 

Supplier 
info 

main 
technical info 

Purchase 
document 

link 

Excel to manage the components supply 
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Technical Purchase Specifications are defined 
for each component 

Fluid C6F14 

Flow [kg/s] 40 

Flow [m3/h] 75 

T[°C] -70 

Density [kg/m3] 1920 

Head [m] 40 

NPSHa [m] 7.5 

NPSHr (pump) [m] <<7.5 
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Final technical dossier are stored on EDMS for 
the cooling system operation  

The stable URL link guarantees the long term link consistency  

https://edms.cern.ch/document/1016399 

 

 

https://edms.cern.ch/document/1016399
https://edms.cern.ch/document/1016399
https://edms.cern.ch/document/1016399
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We assumed a “mantra” as a general rule 

M. Battistin 

Write what 
you do  

Do what 
you write 

document: 

- Who 

- When (date) 

- Doc Number 

- Version number (+ history) 

- Consistent link to referred documents 

- References to international standards 
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Conclusions 

• Quality shall enter in the day-by-day habits of Detector Cooling design and construction 

on both cooling station and detector sides. 

• Quality is not a constraint! Quality can guarantee the success of our work! 

• Quality costs! Training and resources are needed. 

• Quality allows to communicate effectively in large communities. 

• When “the cooling is not working” we cannot say: 


