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v Defining the commissioning programme to qualify magnets and
equipments (sequences of test steps) after the individual system tests

v’ Ensure that all conditions required to start the tests are met

v’ Find non-conformities before they become critical for the operation

v’ Prepare the superconducting circuits for the exploitation of the machine
v’ Do it efficiently and quickly

Did we get the objective?

Some more hints on how we did (tried to do...) it
and which are the lessons learnt.
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THE TOOLS

Sequencer
Post-Mortem browser
PIC supervision

QPS supervision

P2N

Databases

SOME HARDWARE

— TS/CV: filters and “Elettas”

Power Converters
* LHC600 A-10V
* QV crossing distortion
e Crowbar issue

Cable connections

CONCLUSIONS

OUTLINE
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POWERING PROCEDURES

\A/J L PPN PP [ PR | .

We have been developing detailed procedure for th

e ~ 2 L ale m e m ] o
Lrie test Ol

the bUpEILUIIUULLIIIg
circuits and we have as well learnt how to shorten these procedures to deal with
a tight calendar, without any compromise with personnel and equipment safety

We will have now to go a step back, since we have recently realized that the
procedures have to be extended to cope with new verifications and new
systems validation (high current circuits mainly):

— Calorimetric measurements (is it needed for sectors not yet checked and do we need
to repeat measurements on the others?)

— QPS snapshot for splice investigation
— Validation of the n-QPS and QDS systems

— Change of current levels for commissioning (according to the outcome on
commissioning energy for this year, but also to the conclusions of the Safety Task-force
on access with current)

— According to a sector history
— In agreement with change in commissioning parameters through ECRs
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THE TOOLS: SEQUENCER

e
It has.een the object. of ¢@ntinuouys..improverfiBnts, becgming a powerful

and managing intéraction with systemg experts

t is one of theﬂ]ggys f:pr the @eed up\of powering|tests,
hat a tqol to edit s er:labeycles was [developed, but never|useg; this is certainly

nstrument, \with Very well defined and tested seq@ences, automatic entrieg for
. g g .2 .
he logbook/MTF|and dialog boxes thHat help the gperator in following the ftest
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r‘ quﬁres ? lot of effw

to |mplément the seq "en Ces of test steps
— to validate those sequences (test benches ne

TIME_ZERO
TIME_ZERO
5
[+]
(o]

CSMID

|_PCS

TIME_PCS_MID

o debug

Cegd bhfR%ok romces

=_PNC

&vﬁzimﬁ to update the sequencesiaccording to the new ipowering

TIME_CR

< Procedures MUST be ready much more in advance with respect to the
beginning of the re-commissioning campaign

Procedures must be ready by end of March at the latest
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TooLS: POST-MORTEM BROWSER

nA | Py

N Ry -
Fivl LOOIS Tldve

enormously increased test efficiency
The PM_Event_Analyser interface helps the experts to better follow test
execution, to retrieve data for analysis and to stop continuation of tests in case of

non-conformities; the EIC can better interact with experts, prioritizing request of
signature

PIC test analysis and approval will be fully automated for the re-commissioning,
apart for the 13-kA circuits

What could be improved is an automatic reporting/notification to system
engineer to follow up non-conformities

= PM_Eventanalyser V2.1.6.1 vi |- |1
Pending Analyses Signatures
Refresh list File Name | Test Mame Cirouit Name | Datemmme | To Sign{ User | Signed as | Application | Result - |
080905-163844_RCOX3.R2 anreq POl RCOX3.R2 090505 163544 LG
7 080905-163844_RCSEN3.R2 anres PHO.a1 RCSSX3.R2 080805- 163844 ro
Remove from list =
080905-153644_RCEH3 A2 anreq PHO a1 RCSX3 A2 0B0905- 163544 ars
0801905- 1 35820_RETI 3.L5B1 anreq PHO a3 RETIA L5B 080905- 195620
PR Brorsnr DAN906-133138_RCEHYI L5 anreq PO a3 RCENVA LS 0B0906-133130
05081 5-180752_RATI 3 R362 anrey PO a3 RT3 362 080815190752
aPs 080915-134340_RLI L4 anreq PCCS RLLL4 0809 15-194340
080916-171750_RiSS 44561 anrey FIC2 FAST ABORT REQ WiA PIC R$3.A4581 080816171750 " FM Data file ) : i
GP3 Timber 080916-172847_RX.L5 anreq FLIZ B RQY.LS 05091 5-172547 | ev_DB0A19-111536.560_RPTE. A3 RE 434
080%16-1 75508 _RCEX3.Fi2.anreq PO RC3X3.R2 08081 6-175508 gv_B0019-111537 300_RE 434
) . ev_DA0919-1 240120 485_RB 434
PHOZ 080916-151524_RCSSH3.L1 anreq POl RCSSHILI 080818151524 o T
PNO.al RCOSX3.LI ev_080919-111537.360_LIA43 RE.A34
pCs ev_0B0919-111637 361 _LLI33 RE 434
RQXLS ev_00919-112533.204_LIA43 RE.A34
Discharge 080%19-105120_RCECHE.RIE2 anrey RCECHE F3B2 080819-105120 A ev_080918-112624.203_LJ33.RB.A34 o
hanual Sign - = Caormment (-]
File collection in progress S o S—PTTTET
Complets by File Name Test Name Circuit Name FGC (RIE) | GPS(RE) |
|EIC
| Analysis complete? 1
History
@] |
Bug Report!
Qrder by: Filter by: [ show all comments?  Secton )
QuIT . FRunning
== File Mame T'l:l Descending? HOME T! [] Hide signed MOME ‘_] —

ry 2009
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° (o))
TooLs: PIC SUPERVISION S
N
° _..._ Permit
ik kbl oo svixalxalx] ala@xixalxxxx: [
~CFP_ _UAB3 .C!PALBIDATA.Gor!"neohon Ok Reayts Pemit EEIEIEIEIEIEI 4 1 -RCO.A34B1 2| x||C §
IO Status | Powering | Monitoring | Params | 2003.01.29 11:40:50.173 -
*| Practice way of Iockmg circuits; very useful to: ECEEOED — A <
ALIG 0K LIPS OK . ) .PRYOQT&\RT D CRYO MAINTAIN. D Permitl Ooooooono Hpr e C ‘-T
CIRCUIT NAMES G K X
DE@ Temp ily block circuits with suspected |ssues___ Permit oooo 5
8 a1 a || [c| e el lc|lclial |l [alJa lalja|a]la| & &) @ s||s||s||s||s||s EEE =
- A ‘%a ﬁ'?%;‘? dea SV\?ﬁI Pi = 9;“;5 2|2 JCJCJCJ” 2| [¢|[] B e j=
~ Réduind3fe tbddeinication ] ofiarctint priorth niman interventiat " F{F °
—  Preve used to blockallcireuitsafter September 19 event | |z 2 =&z e 2 2
o Used in z 1 way than forese that’s why a second level locking (Ysupert
|@3@k”F" [ O IIDIIEIIIII]H-Illmxll ll.ll.ll'll L e L |ted the fIrSt Ievel ol Loty

reised for temporary solutions, while the second one will be reserved to serious
sl erriditenderipationelgfiadbeuit or a DFB 8RG8 HAE supt

: adib:
HE@WWBWH%%T Dﬂ?f ?DWDFM’DFME ||B| e||D%|||P|D||D|D||amrI?nu||n| hd a passw °r|a|| WDMF ||D||?%D|l'j|
R e

Fétisit] ooooooo Oooooooooooooooooooooo ooooooooon

qﬁn CIEL ||AILL||/ TR iy of pic GHIAIEER akd

cart/iviatriait rermnains 4a , dIWaysS ang

Perrn ith
Seq. activated

onlyﬂmﬂﬂﬂeual cases and according to a well defined procedure pf
authorization/notification.

Access-powering link: the need for such a tool has been often emphasized
and discussions are on-going see R. Schmidt, “Safety organization” — Session 02
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TooLs: QPS SUPERVISION
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See R. Denz, “QPS Upgrade and Re-commissioning” - Session 04

Software for the n-QPS and QDS

QPS snapshot software: Zinur tool was working fine, but an automatic tool is
needed

Replace all manual resets of QPS controllers with remote power-cycles (new
units to be installed)

Automatic script to close switches was already used during the Machine Check-
out and will be extensively used this year, but not before circuit commissioning

RBAC will be implemented in the supervision layer

The interaction with QPS interface and supervision could be spread among the
operation team

Timing synchronization will be better improved

Communication problems were sometimes ‘annoying’ us, but they have been
apparently sorted out See also E. Hatziangeli, “Controls & software” - Session 07
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® FoOowering Lo noirniridi wep LOOI1 (ILp.//Cerml.Cri/p4ri), diids A
— to assist and follow all aspects of the commission f

* Event database browser (http://p2n.web.cern.ch/p2n/evdb/)

= Event Database Browser v0.3 - Windows Internel Explorer

2 Q v Mmplipn b et chsaniath]

[ U

W B Event Database Broeer v0.3

TooLs: P2N

lvaro page:

e status of test execution
e status of commissioning of the superconducting circuits of each sector
* date and other relevant test information, as reason for test failure

to track circuit non-conformities

to visualize circuit parameters

ing of the superconducting circuits

to define the mission of the day (to be possibly replaced by the electronic logbook)

B-0 @&-

= Powering Test Summary - Windows Internet Explorer

e - T - "

Single post mortem dumps

- Select zsarch
options:

PM System Mamae:
Any Syssem Mame

PM Data Class:

PM Data Source Name:

Event Time Stamp:

between
01012007 0000 00

and

30-00.3008 151717

(time format dd-mm-yyyy
hh:immiss)

Choose between UTC or Local
time:
& UTC time O Local time

Event Database Browser

Single circuit events
- Select search options:
Circuit name: %

Circuit type: Amy Cire Typs -

Powering subsector: Ay S

Select Event type:
Any Evant Type
Time period:

between (01012007 00000
and 30-01-2009 151718

(time farmat dd-mmeyyyy hh:mm:ss)

Choose between UTC or Local time:
& UTC time O Local time

Search

le-

@:—;. - |g, httpeifp2n.web, cern.chipznfewdbjevdb_oukput. phprdrmame=rb. a34&cirtype="%258psUbsect="%25&evtype=",25%sttime=19-09-2008+00%34 V‘ ([ X ‘

Fle Edt Wew Favortes Tooks Help

T:f *‘1'£? I@EventDatabaseBrowserVU.S

=

fi-8 - &-

[ s -

ChTosk -
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Single Circuit Events

Event Database Browser

Total number of events found: 6

CIRCUIT NAME EVENT TYPE

RB.A34 No changes of PIC signals during event

RB.A34 No changes of PIC signals during event

RE.A34 Mo changes of PIC signals during event

RB.A34 No changes of PIC signals during event

RB.A34 No changes of PIC signals during event

RB.A34 Powering Failure - Followed by circuit quench

Return

EVENT TIME

22-09-2008 12:58:57.905

19-09-2008 12:42:15.106

19-09-2008 12:40:20.485

19-09-2008 11:25:33.204

19-09-2008 11:19:39.280

19-09-2008 11:18:37.300

U_RES
.00183
.00183
.00183
o
o PNO.a4

-.00183 PNO.a4

TEST STEP CURRENT DI-DT

8713.874

7.86

POWER CONVERTER

RPTE.UA43.RB.A34

[ Click to show path & stamp Done Local intranet: H100% v
finlds e
pla; codes PNCLEX] Tent plasmed m Minskon of the day, Priority 1
[ETT0) [PN0 XX] Test planmed in Misson ofthe dy: Prorey 2

ry 2009
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WHAT DO WE NEED MORE?

A database mechanism to track parameters change (di/dt, acceleration, etc.),
possibly in the form of a ‘history’ of LSA values.

Calorimetry: is it needed for sectors not yet checked and do we need to repeat
measurements on the others? If yes, may we have automatic tools?

New test campaign: can MTF do the job?

Chamonix — 2" February 2009
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DATABASES

ry 2009

e LHC Layout DB v

G Orsitarn — TR =
— DB holding the design values of the [o2 o omue — “"".'Z”?."L."i'{'“:;" =
machine, including  Layouts, |umwowwmmimn e |
electrical circuits, LHC Equipment , rcl\l
Catalogue (e.g. parameters for =
power converter and magnet types)  [F5 - e
— Rather static data with strict version J §

management (releases + release | —————

n Ote s’ C h a nges to be d OC u m e nted i n IInk!n:.lgn.ulsnlnlmlml:if:&;“:;&:::;l:‘l:‘:‘::l‘:ndﬂnhnn -

& M 1
i - [ Parved Camimriar spositiunal piaramaion 3] —- ~ ==]=
LS D B OO mpntonteois some Circult manse: RE. ALY ] e e 85
[ ] A ®-
= s 5 Lk to circuit in MIE T TR T

Click to access EDMS Powering Procedure document

MNimaAmad: i~ AIAJ-AIAAAA IIAAAI cl\u- = RAME I‘trst EXEC EXECUTION FLAX
— upcerdLuulils udildbdseE, usScu 101 f e N oo (| e[| |
wovs1: ISR i 1] T e

(| moran: R 5 s 00]

equipment control, settings, etc. i

Wk page propared by Afvars Margaetz
Driplay infermation pw coler codey

during Hardware Commissioning R
and machine operation | ——————

O

I

-

o

o

S~

ik te ahor b table E

— LSA offers the required flexibility _ w0 e !
to adapt to changes of s =

, A o

‘ parameters if needed o 9
_} = S ! S




A THIRD DB

ry 2009

PO Initialisations

I_Ultimate

R_Parallel PO Parameters

Manual adjustment of (current loop, etc)

Hardware Current Limit

Automatic download to FGC on
request by PO_Expert ONLY

A PO_Expert can also make a
coherency check on request

Power Converter FGC

Chamonix — 2" Febru

Automatic download to FGC when reset
OR Automatic upload to DB on
On request by PO_Expert request by PO_Expert ONLY

PO Cperational
Database

Parameters are changed in LSA, when necessary and with the agreement of MPP

— To consistently distribute LSA changes, after every change a PO expert must
be consulted to synchronise the FGC and eventually the PO operational DB

— Frequent changes might however lead to temporary inconsistencies

May we ask to the sequencer to do the synchronization at the beginning of the
test? Or take LSA values as the reference? At least for some circuit categories...
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D POWER CONVERTERS: LHC 600A-10V

L —
For simplification R//=c°: d Vi _Vowee —R
d L L
Fower
Module
“Physics requirement” “QPS requirement”

Acceleration unlimited

L,V

-~

Acceleration very limited

D2l/dt? = =

V.Boost
obtained immediately
(acc. Not Limited)

“Compromise”

Acceleration limited
1LV Dzl/dt: N

V.Boost
yd t obtained smoothly
(acc. Limited)

D21/dt?

V.Boost
obtained smoothly
(acc. Limited)

To deduce the resistive component of the magnet load, the di/dt must be
calculated by QPS. The use of a derivative in the calculation requires for a long
integration time, which is incompatible with reference jumps. Thus the
calculation is only accurate for low di/dt and d?i/dt2.

Chamonix — 2" February 2009
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LHC 600A-10V: OV-CROSSING DISTORTION

" . .

e The power converters generate s
voltage with current in the load. This is very specific from the 4-quadrant power
converter, with the result of a voltage spike (not filterable at the converter level)

~ A
ne d

~d —- [ . PR B R
ISLOTLION wiien Crossirg wtnrougi Zero

@]

v 1 V.boost
I//ou/dt Which circuits are more affected and when?
Vo 74 > It depends on R, L, di/dt and QPS system
--> Circuit-to-circuit analysis!

v' PO made several measurements to characterize the zero-voltage-crossing distortion
(distortion is higher at high current)
v the QPS team has worked with PO to developed a filter to reduce the effect of the
distortion on the voltage measurement (based on image processing techniques)
< the solution also improved QPS robustness to di/dt and d?i/dt? parameters

Before: | After:

=T

s
-,
e
s
L
-

|
i=

fr—
-
B
P

e—
s

B ]

URES.THRESHOLD

I-'l
C
a
, 0
1 l:.',;.; et Pee Prtr . ERIT. iDL
[ £
f

v
-+
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di/dt N
— 0V distortion occurs at lower current

— 0V distortion signal is less important
| N

*0V Crossing
1 1

LV 1

dl/dtNOM dl/dtREDUCED

OV-CROSSING DISTORTION cont.

d?i/dt? N
— Background noise is lower
— QPS budget for 0 V distortion is higher

V.boosj/—

o
»

—

e For a smooth commissioning and operation we need a trade-off between
‘required’ and ‘allowable’ parameters value (such a compromise has already lead
to a change in parameters during circuits commissioning in agreement with

colleagues from ABP)

It may go to the detriment of operation and physics

Engineering Change Order — Class |

) “Change of magnet and commissioning parameters for various LHC circuits”
——

edms no. 938922
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600 A-10 V CROWBAR ISSUE

WIFGC 51_self 080520-204255.640_RPLA,12L8.RCBH11.L8B1

B U I Legendatright < | [ Deraut Scate | [ Sereen Captwre | | Scales10] Anawsis |

ry 2009

Ipcer A A 600 A power mo: & =

A-Type / RPMBA Iocer B Reapte  Veireu the range [-20A..2( *= P
2 35.00- \_REF [

STILL operating. =

Vicss L perating. w1 e

bl
25.00- o,
",

The A-Tvpe rack is .

R
crowbar R/

Pwr

"
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Module pct :
f c E RN ( LHC Project Document No. )
CH-1211 Geneva 23 LHC-RPMB-EC-0001 ver.1.0
SW|tzer| a nd EDMS Document No.
B-Type / RPMBB [ 977059 ]
the Engineering Change requested by { Name & Div./Grp. ) :
Vigeas Large [ AB j
Hadron
E Collider
roject
Pwr o) Date: 2009-01-12
Module Ve N

Engineering Change Order - Class II

B-Type / RPMBB — nq Brief description of the proposed change(s) :

The RPMBB type LHC power converters are not provided with a DC contactor between the
power module and the crowbar system. Sixteen circuits in the machine arcs are powered
by RPMBB converters without external energy extraction systems. If a quench occurs in
one of these circuits and the converter fails with a short-circuit at the level of the output
module the discharge time constant will not be determined by the crowbar resistance but
by the low resistance of the DC cable, which could be too long for the part being quenched

VMEAS

Pwr
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Module resulting in a damage of the superconductor.
The DC contactor has to be implemented on the sixteen power converters before the end
of the 2008-2009 LHC shutdown.
‘ Equipment concerned : Drawings concerned : Documents concerned :
) LHC power converters of LHC Layout Database
el RPMBB type LHC Integration Documents

Cablotheque



EE FGC 51_self 080820-155540.120_RPLB.UA23.RCBYH4.L2B2 Hil=] E3 |
ﬂnﬂl I Legend at right \_‘ |Defau|t Scale‘ Screen EaEture! Scale 110! o [ ] [xnaed
s fo
» "

Fjcajre]

(o))
o
o
(@
>
|

o 73.13
7 FaC Sl _self 080820-155540, 120 RPLE.UAZS RCEYH L2BZ1_MEAS ,7 3
:Ei FaC 51_se:£ 030320-155540, 120_RPLE.UAZS . RCBYH4.LEBZ ¥_MEAS ,7 -E
Q

55 LL
50— o]
45 c
o \ ~N
35 I
an- X
25 C
20| g
o nsfer =
] <
o J_/r \/, I_meas O

Electrical circuit Fault Critical ramp rate

/ RPLB.RR53.RCBYHS4.L5B1 Cannot handle LHC di/dt 0.6 A/s (LHC: 0.66A/s) h
RPLB.UA87.RCBYHS5.R8B1 Cannot handle LHC di/dt 0.46 A/s (LHC: 0.66A/s)
RPLB.UA87.RCBYH4.R8B1 Cannot handle LHC di/dt 0.6 A/s (LHC: 0.66A/s)

RPLB.UJ83.RCBCH7.L8B1 Quench @ discharge > 2.5 A/s (LHC: 1A/s)

RPLB.UA23.RCBYH4.L2B2 Quench @ discharge >1.25 A/s (LHC: 0.66A/s)

RPLB.RR13.RCBCV8.L1B2 Quench @ discharge 1.2 A/s (LHC: 1A/s)
QPLB.UJZ3.RCBCV7.LZBZ Quench @ discharge > 2.5A/s (LHC: 1A/s) Y,

There are many other problems identified and solved by PO....
.... but this does not want and cannot be an exhaustive list !

Mirko Pojer — BE/OP/LHC

RPLB.UA43.RCBYV5.L4B2 Cannot reach nominal .
@ current
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TS/CV: FILTERS AND “ELETTAS”
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= FILTERS AND “ELETTAS” cont.

I [ R
J SYSLEITidL

ically cleaned
Check-out were several
ere treated 3-4 times)

P o [ L S,
elrore di

imes stopped because of

~« O

ns:
; i;:ob, blocking impurities that would possibly deposit inside

=il |

._-ns performed on the samples and showed high content of
e (opening of the circuit for cleaning could contribute to

umulation)
ess often repo

A decision was taken to
100 U

ENi11m tn m m
=7 T L\ V4 Hlll [ BB A

ac
M 9

y
1600 filters for a total cost of nearly i

Different is the case where the Elettas
suitable for the installation (UA83 being tr@§

test step was introduce to check the correct electrical connection of the

@‘  During the HC campaign a non-conformity was discovered for which a new
-) Elettas: several non-critical non-conformities were discovered and treated!

Chamonix — 2" February 2009
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CABLE CONNECTIONS

* Facts:
— During the SCT campaigns thermal imaging

was many times used to look for hot spots
on DC cable connections

— Cables are sometimes disconnected (EIQA on DFB, power converter check, etc.) and a

re-qualification is needed

— On August 15, a 6-kA circuit was powered with a loosen cable connection on the DFB
side, with the result of a high temperature increase of the connection and

consequently of the HTS part (up to nearly 80 K)
e How to avoid current lead over-heating in the future?

— An alarm, based on temperature reading on current leads. is alreadv availabel and a

software interlock is being developed

— The installation of thermo-switches has just been disct
solution (link either to QPS, PIC or PC) is not yet defined

e How to deal with time-to-time checks (i.e., after cable di
— The phenomenon is, of course, more relevant at high curre

— Safety issues raised after S34 incident has been/will be
more severe, possibly preventing people in the undergrou
high current

0

i nuu_r.u.’r
'#nqiip4

@‘ > “Thermo-strips” could be used for spot checks after short high-current runs
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CONCLUSIONS
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Move mouse over bar to see details

11122 out of 11321 test steps successfully executed

= All circuits
= IT circuits
= MAIN circuits
= IPQ circuits
= IPD circuits
— G00A circuits
1208 circuits
— G0A circuits

(= o &

& &
o o8,
U

1 1
o =1
(=] (=)
™ o~ — .,

1 1
= [=] [=]
o =] (=]
o L =
JSS2IONS Aep Jad sdais [njssaoans Jo "ON +

10000
800D |-
= 5000

sdais 1593

Summary of executed test steps in all sectors




CONCLUSIONS

Sector 1-2 Sector 5-6
Circuit Type Total number of | Commissioned to [ Commissioned To be Circuit Type Total number of | Commissioned to Commissioned To be
circuits 7 TeV only to 5 TeV commissioned circuits 7 Tev only to 5 TeV commissioned
RE, RQ 3 - 3 RB 1 - 1(6.61 Tev) -
IPQ, IPD 31 31 - RQ 2 2 (11280 A) - -
Triplet 2 2 - - PQ, IPD 12+1 12+1 -
600A 53 36 15 2 Inner Triplet 1 1 - -
80-120A 50 50 - 5 600A 46 19 25 + 2 (=5TeV) -
60A 94 94 - - 80-120A 33 29 3 1
TOTAL 237 212 18 7 60A 94 94 - -
TOTAL 190 160 29 1
Sector 2-3 | Sector 6-7
Circuit Type Total number of | Commissioned to Commissioned To be Circuit Type Total number of | Commissioned to Commissioned To be
circuits 7 Tev only to 5 Tev commissioned circuits 7 TeV only to 5 Tev commissioned
RE, RQ 3 - 3 - REBE 1 - 1 -
IPQ, IPD 16 16 - - RQ 2 - 2 -
Triplet 1 1 - - IPQ 5 5 - -
600A 56 32 22 2% 600A 49 21 28 -
80-120A 37 37 - - 80-120A 20 20 - -
E0A 94 94 - - G60A 94 94 - -
TOTAL 209 182 25 2 TOTAL 171 140 31 -
““““ el TS ON
Sector 3-4 Sector 7-8
Circuit Type Total number of | Commissioned to Commissioned To be Circuit Type Total number of | Commissioned to Commissioned To be
circuits 7 Tev only to & TeV commissioned circuits 7 TeV only to 5 TeV commissioned
RE, RQ 3 E 2 1 RE, RQ 3 E 3 E
1PQ, IPD g g - 3 IPQ, IPD 9 9 - -
Triplet - - - 1 Triplet 1 1 - -
600A L0 27 - 22 6004 56 34 21 1
80-120A 22 20 - 2 80-120A 37 32 - 5
60A 94 94 - - 60A 94 94 - -
TOTAL 177 174 3 19 TOTAL 200 170 24 6
Sector 4-5 - Sector 8-1
Circuit Type Total number of | Commissioned to Commissioned To be Circuit Type Total number of | Commissioned to Commissioned To be
circuits 7 Tev only to 5 TeV commissioned circuits 7 TeV only to 5 TeV commissioned
RE, RQ 3 - 3 - RB, RQ 3 - 3 -
IPQ, IPD 16 16 - - IPQ, IPD 17 16 1 -
Triplet 1 - - 1 Triplet 2 2 - -
600A 47 33 - 14 600A 53 51 - 2
80-120A 35 31 - 4 80-120A 50 38 - iz
60A 94 94 - - G60A 94 94 - -
TOTAL 196 174 3 19 TOTAL 219 201 4 14

ry 2009
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