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1. INTRODUCTION

In view of a future extension of the Computer Centre questions have been raised concerning the reliability of its electrical power supply. The following report is written to serve as a factual document for future discussions but also presents the views of the electrical exploitation.

2. PRINCIPLE OF ELECTRICAL POWER SUPPLY TO THE COMPUTER CENTRE
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Fig. 1 – Principle of the electrical power supply to the 513 building

In order to estimate the reliability of the electrical power supply to the Computer Centre the whole of the CERN electrical network has to be understood.

Figure 1 presents the principle of the electrical power supply to the 513 building. The computers in the building 513 are supplied from the uninterruptible power supplies. Other loads, mostly ventilation, are supplied from the assured network. The loads connected to the UPS are not subject to any perturbation on the network. The loads connected to the assured network are subject to all perturbation occurring on the network but the absence of voltage is limited to a maximum of 40 seconds.

The building 513 is supplied via two 2 MVA transformers, which  are in turn supplied from the electrical substation 23.  Outside of the shut-down period both transformers must be in service to assure the operation of the Computer Centre. In normal situation the whole system is supplied from the 400 kV network.

In case of an absence of the 400 kV source an automatic commutation system switches the CERN network to the independent 130 kV back-up source.

In case of an absence of both sources or failure of the commutation system the diesel generator sets re-supply assured part of the CERN network.

3. IDENTIFICATION OF POSSIBLE WEAK POINTS

In this report a weak point is a part of the installation or equipment, failure of which may endanger the power supply of the computers in the 513 building.

The following weak points of the electrical power supply to the Computer Centre have been identified (the numbers in brackets refer to the fig. 1 :

UPS (1)

A failure of an UPS does not cause the failure of the whole system as out of four units in service two are enough at present to assure the proper supply.

UPS maintenance (1b)

During the maintenance of the UPS in the 513 building the computers are subject to any perturbation of the network during approximately one hour.

Commutation switchboard (2) 

A failure of the N/S commutation switchboard may cause all computers to stop.

EDF network (3) 

In the normal configuration of the network an absence of the EDF network cannot itself endanger the operation of computer centre. The Autotransfer system is designed to switch to the SIG network if the absence of EDF network is longer than 8 seconds. In case of the non availability of the SIG network (maintenance) the diesel generators will take over a part of the network supplying the Computer Centre.

SIG network (4)

In normal configuration an absence of the SIG network does not affect any CERN load as it is used only as a back up supply. In case of the maintenance of the EDF network  the SIG network is used permanently. In case of failure the diesel generators take over a part of the network supplying the Computer Centre.

CERN internal power network (5)

A failure of the CERN power network upstream of the ME9 substation can be compared to the failure of one of the source networks  EDF or SIG.

A short-circuit on the bus-bars of the ME9 substation is not critical as there are 2 separate bus-bars, each of which can supply substation ME23.

A failure of one of the cables connecting ME9 and ME23 is not critical as the other cable can supply the substation ME23.

18 kV switchboard EFD1*23 (6)

A short circuit in the EFD1*23 will cause the stop of the computer centre after the end of UPS autonomy.

Network commutation system in the substation 23 (7)

Failure of the commutation system in the substation 23 together may be critical.

Substation ME43 (8)

Failure of one of the transformers of the substation ME43 or a short-circuit in one of the low-voltage switchboards will cause the stop of the computer centre either at the end of autonomy of the UPS or due to the temperature rise after the stop of the ventilation system.

Autotransfer system (9)

Failure of the autotransfer system is not critical. In this case the re-supply is still possible via the diesel generators. 

Diesel generators (10)

Failure of the diesel generators is critical in absence of both  EDF and SIG network or failure of the Autotransfer system.

Emergency stop (11)

Emergency stop in the 513 building causes the immediate stop of the computers. 

Emergency stop tests in the building 513 (12) 

Emergency stop tests require a series of manoeuvres in order to reconfigure the network. Although the procedure is well established there is a small risk .

UPS distribution switchboard (13)

A short circuit in the UPS distribution switchboard will cause immediate stop of the computers with a delay of several hours to re-establish the power.

Emergency stop rack/48 V DC failure in the substation ME23 (14)

In case of a failure of the emergency stop rack or 48V DC distribution in the substation ME23 the power supply to the computers in the 513 building will be immediately interrupted.

4. RISK ASSESSMENT

Risk assessment analysis was performed on the basis of the past events, which affected the UPS distribution in the 513 building (see table 1), as well as on the basis of the history of similar equipment in exploitation.

In order to perform a correct risk assessment in addition to the criticality of possible failures their probability of occurrence must be regarded. Table 2 presents the weak points with their criticality, history of breakdowns, probability of occurrence, comments and recommendations. This table should be used in all discussions regarding the reliability of the Computer Centre power supply.

5. CONCLUSIONS

The problems linked to the reliability of the electrical power supply to the Computer Centre must be treated globally, taking into consideration both the whole of the CERN network and the external high-voltage network. 

It has to be noted that due to the new interconnections the 400 kV failures occurrence decreased dramatically during last two years. Also diesel generators generally considered of low reliability did not fail during last year.

Although recently put in operation and without long history, the new Autotransfer is believed to be a solution for failures of the 400 kV and 130 kV sources as well as for CERN internal network failures.

Increase of reliability of the system can be gained mainly through improvements in the 513 internal distribution, improvements in the substation ME23 and possibly through the modernisation of the diesel generator sets control system.


Date
Events

1
12/05/92
1/ 130 kV network breakdown

2/ N/S commutation sequence in the s/st 23 blocked (wrong position of the low-voltage coupling in the s/st 43, building 513.

3/ UPS not operational due to new installation works

2
17/05/92
1/ Short circuit in the UPS commutation switchboard

3
05/01/93
1/ Accidental emergency stop activation in the PS complex

4
23/08/93
1/ 130 kV network breakdown

2/ Diesel-generator set breakdown

3/ UPS at the end of autonomy

5
13/09/93
1/ 130 kV network breakdown

2/ Diesel-generator set breakdown

3/ UPS at the end of autonomy

6
06/10/93
1/ Short circuit on the 18 kV 'safe' bus-bar in the Jura substation (water leak through the roof)

2/ UPS at the end of autonomy

7 
28/12/95
1/ Short circuit on the 18 kV bus-bar in the Jura substation

2/ UPS at ht end of autonomy

8
22/05/97
1/ Emergency stop system breakdown in the Jura substation

2/ All systems blocked

3/ UPS at the end of autonomy

9 
05/03/98
1/ 18 kV network internal breakdown

2/ Diesel-generator sets failure (auxiliary voltage relay incorrect setting)

10
26/01/99
1/ Failure of the diesel-generator sets (auxiliary relay breakdown)  during tests of the UPS.

2/ UPS not operational during the tests.

Table 1 – Computer Centre UPS network break-down history

No.
Weak Point
Description
Criticality
History
Probability
Comments/recommendations

1
UPS 
Failure of one or more of UPS units in the 513 building
Medium if only one

High if more
Happened to one of the units at a time.

One event when two UPS unit were out of service
Low
Maintain one of the UPS as a hot-spare.

1b
UPS maintenance
During the maintenance of the UPS system the computers are subject to any network perturbation
Very High
Happened to MCR UPS
Low
One event.

2
Commutation Switchboard
Failure of the commutation switchboard
High

Low
Redundancy would be a very costly solution taking into consideration the low probability

3
EDF network
Loss of the source network
Low
No occurrence in 1998 and 1999
Low
Significant decrease in frequency after the connection of Bois Tollot to other 400 kV links.

4
SIG network
Loss of back-up network
Low
No occurrence in 1998 and 1999
Low


5
CERN power network
Failures of different elements due to material or human error resulting in loss of supply
Low
1 per year
Medium
High redundancy of network elements and existence of commutation systems minimise the risk.

6
EFD1*23
Short-circuit or other failure will result in lasting loss of supply to the 513 building
High
Never happened
Low
Very low probability. Does not require improvements.

7
ME23 N/S commutation
Failure of the commutation system during the absence of normal supply resulting in lasting loss of supply to the 513 building
High
Several occurrences

No problems since 1997
Medium
System is tested regularly. Should be simplified and installed in a PLC instead of in the 18 kV protection.

8
ME43 Substation
Failure of a transformer or short-circuit in a low-voltage switchboard causing stop of computers
High
Never happened
Low
Very low probability. 



9
Autotransfer
Failure of the system may lead to the loss of normal supply
Medium
New system. No data.
No data
System essential for the first level back-up

10
Diesel generators
Failure in the absence of EDF and SIG or Autotransfer breakdown will lead to the computers stop within 30 min.
High 
1998 two events

1999 one event
Low
Some problems traced to the control system. The power consumption has to stay under 2 MW.

11
Emergency stop
Emergency stop will cause immediate stop of computers
Very High
No occurrences
Very low
See p.12.

12
Emergency stop tests 513
False manoeuvre may lead to loss of normal supply but UPS will function.
Medium
--
Very low
Investigation on the necessity of emergency stops being done.

13
UPS distribution switchboard
Short circuit will immediately interrupt the supply of computers
Very High
Never happened in the 513 building, but not a rare event generally
Low


14
ES rack/48V distribution
Failure of one of the systems will immediately interrupt the supply of computers
Very High
Never happened in the 513 building but several events elsewhere
Low


Table 2 – Weak points risk assessment
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