


Introduction

« Demonstrate technical feasibility of nuclear fusion as energy source
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« Lawson criterion: Temperature * Density * Time > Big Number

« ITER is an international project based on in-kind contributions
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Introduction

The big news since last EPICS collaboration meeting:

ITER Control System
started 24/7 operation on
January 26, 2019
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ITER Control System Architecture recap. e

18 subsystems
171 local control system

101 in-kind suppliers

Millions of PV'’s

Central supervision & automation, menitoring and data handling
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Human Machine Interface

 QOur EPICS distribution is
called CODAC Core
System, released yearly

(latest v6.1) and distributed
to all in-kind suppliers

« We are starting exploring
EPICS 7 for higher level
applications
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Commissioning Schedule

Nov 2016 | Electrical Power Distribution System (ELEC) ' Nov 2024

o 2018 500000 antrolSystem (GTRE) 0] pr 2020

Auxiliary Vacuum (AVAC)

Jun 2023 ] Oct 2024
ITER started operation por 2020 | Gioseecoaia (GO M o< 021
Jan 26, 2019 with the S T ——r—————

Diagnostics (DIAG)

permanent connection to et 2023 — Dec 2094
. . ec
the eIeCtncaI gnd Tokamak Primary Cooling Water System (TCWS)

wiay 2023 | /. 2025
Aug 2022 | Tokamak Monitoring System (TMON) | Dec 2024

Next few years will bring Tokamak Vacuur (TVAC)
more and more systems Jun 2024 Dec 2024

on-line Jun 2020 |00 Mgt & Povier Supplies (MAGR) 1 Dec 2023

sep 2024 [ Dec 2024

Integrated Commissioning
Jan 2025 | | Dec 2025

Many job opportunities !

Closure of cryostat  First Plasma
Dec 2024 Dec 2025

2017 2020 2021 2024
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Infrastructure

Control building |

[ Neutral beam ]
[ Hot cell ]
Backup control
[ Coil power supplies ] [ Tokamak 1 builloding }
complex

[ Electrical ]

Cryoplant ICH/ Cooling water
E e |

v -
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Infrastructure Redundant dual star

1 configuration
All cables end up in
-~ »T 8 T

) Control Building and

LC 08

— e Backup Control Building

. 21E

possible future
second RTE fence
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Temporary Control Rooms

11 TCR’s in 6 buildings interfacing all first plasma
plant systems

Functions provided as services to the plant systems:

Human Machine Interface

Data handling including archiving, storage and access
Inter plant communication

Role based access control

Alarm handling including notification

Time synchronization

Electronic logbook

Access to central software repository and issue tracking
(configuration control)

Development stations for software updates (fast turn-around)
Central supervision and monitoring
Access to archived data from office

Building 36

Building 38

PBS 45 CODAC

NetworkHuteh [ g7

Building 13/15

Pas a3

W Load
nter 14
PBS 45 CODAC
PBS 63 HVAC
B1312-02
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Temporary Control Rooms - Schedule

Central | T-MCR
E 8l Backend 2019
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2019
-
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oolin
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2019 Temporary central services
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Electrical — First plant system

Central back-end in BO7/B72 providing central archive,
remote monitoring and alarm relaying

B3&L1-07 Cubicle 450536-CU-0002 _I_ J_I_ / T \
ArchiveDB ( Alai rmDB } LogbookDB
W () (o) ’ (g (4
. . — N\ / \"7/ [ I //J;;\
Temporary control room located in B36 with e
around 15 servers (VM) and two HMI workstations __.‘ (om) (ame) SR =]
sl = - posrod €

L
C (acatevay ) D

EEIID»PSH«\’DM/
N

UTIL-HV plant system comprising 88 Intelligent
Electronic Devices (IED’s) connected together by an
IEC 61850 network using 21 switches and interfaced
to CODAC via a WinCC-OA gateway using OPC-UA.
It has a total of 6873 process variables, 2533 defined
alarms and 35 Operator Interface (OPI) panels.




Electrical — First plant system in operation

400kY energization
22kY energization

TCR available
Switch power

’ Pre-SAT / SAT I Pre-SAT /SAT I ‘ -

June July Aug Sep Oct MNow Dec Jan
Major milestones: Many Actors:
Jun 1, 2018 — B36 TCR operational * F4E 1&C - TBO06
Sep 17/18, 2018 — 400 kV energization « GTD « TBO06 subcontractors
Dec 21, 2018 — 22 kV energization - Engage (Siemens etc.)
Jan 26, 2019 — Switch off CEA power - SSENI&C * SSEN client
- CSDI&C and codac_adm * Commissioning  and
. TCS Operation
EPICS Collaboration Meeting, 3-7 June 2019, ITER, France Page 11
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Electrical —

e

First plant s
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Electrical — First plant system

| J

{ | Nov 2018 ' Jan 2019 Mar 2019 |
| .

\ 2 / 8 e a -

D

Apr 2019
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CAS Css Pulse ID 1289
Ol [ ITER-UTIL-HV-S400
[Jcopac [ ]cIs SuP #H#
]
I
GENERAL CONTROL
s s T s ‘\" s SIS \\ s A s
1001 1002 2001 “ 2002 TOTAL POWER 3001 \ 3002 4001 4002
3.14 MW
J J
[] BAY CONTROL BAY 1 POWER [ BAY CONTROL L BAY 2 POWER [ BAY CONTROL BAY 3 POWER [1] BAY CONTROL BAY 4 POWER
IN REMOTE +1s 2.49 MW IN REMOTE Tis 0.04 MW IN REMOTE +is 0.58 MW IN REMOTE +3s .03 MW
1000 2000 3000 4000
T T T T
1010 I 2010 3010, 4019
l||——f—/.~ I|| =} I|I——7/ ——| I”——*"’ |
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iSau [er1001 g:ao [Jer2001 ;300 [ er3001 igon [iBraco1
pag T T T
000 [ler1002 | 2000 [Wer2002 3000 | BR3002 o [eRa002
— | ; — —
3.71 A 0.00 A 0.97 A 0.00 A
TC TC TC TC
P -ross 404.84 KV p 200 404.58 KV P -sos0 404.33 KV @ -anvo 404.25 KV
™ ! % .
1680 2000 3000 4600
ol | SR | > | =25 |
U 10 L) I QD I ) I
T5 5 Ts Ts
1000 2000 3000 4000
TAP POS. TAP POS. DBRZGIB TAP POS. . TAP POS.
7 [Weri003 7 |Wersoo3 7 [Jieraces
OIL TEMP. OIL TEMP. OIL TEMP. OIL TEMP.
28.70 degC 27.76 degC 24.60 degC 25.90 degC
BUSBAR 22kV
T T T T
1099 2099 3099 4099
e — —" I —— | -
JA JA JA A 22 KV
1099 2099 3099 4099
JB-1000 JB-2000 JB-3000 JB-4000
h Ed 4 * $
] & R &
\ X X .
\ \ ‘
JB-5000 ¥ ¥ JB-6000 ¥ L JB-76000 ¥ ¥ JB-8000 ¥ ¥ JB-5000
HOME | UTIL| HV |[S400 BAY1 BAY2 BAY3 BAY4 IC AUX

2019-05-15T08:24:45.

ALARMS

Current Alarms (0 of 0 alsSelect: xl
Acknowledged Alarms (8 of 35 alarme

¢ Descriptior

[X]EB7100 Battery Fuse 16:32:46
[X1EU7100 UPS Common Fa 15:43:58|
7 SYS HVAC system Anom 07:55:48
BROOO1 IED Relay Fai 15:02:06
7 48DC Busbar 2 High Vv 15:02:06
© 48DC Busbar 2 Low Vo 15:02:06
48DC Busbar 1 High V/15:02:06
48DC Busbar 1 Low Vo 15:02:06

Ala

v
v
%
v
v
¥

43AC00-TS1000
STATUS TRENDS Al A2 TAP

28.70 degC OIL TEMP. MAIN TANK
27.30 degC 22 kV WINDING TEMP
23.70 degC 400 kV WINDING TEMP
[l FAULT STATUS
[l FAN GROUP 1 RUNNING
[l FAN GROUP 2 RUNNING
|0 POWER SWITCH ON NORMAL PS
[0 HEALTHY IED CONNECTION

MODE

[l FAN GROUP 1 MANUAL
[ FAN GROUP 1 AUTO
[ FAN GROUP 2 MANUAL
[ FAN GROUP 2 AUTO




[ |cas [ ]css Pulse ID 1289

UTIL-HV
[ ]copac [ ]cIs SuP #H#
TOTAL POWER
2.38 MW
BAY 1 BAY 2 BAY 3
1.69 MW \ 8.03 MW 0.65 MW
BUSBAR 5000 BUSBAR 1000 BUSBAR 6000 BUSBAR 2000 BUSBAR 7000 BUSBAR 3000
1.7 MVA 0.0 MVA 0.0 MVA 0.0 MVA \9.3 MVA 0.3 HVA
Starting
TI5 Lc1 Lc2 Lc3 Lc4
1.7 HVA 9.0 MVA 0.0 MVA 9.0 HVA 0.0 MVA \a.o M
Lcs Lc9 Lcie Lc11 Lc12
0.0 MVA 8.0 MVA 0.0 MVA 0.0 MVA 0.6 MVA
Mvel nvez Mves Mve4 Mves
0.0 MVA 0.0 MVA 0.0 MVA 0.0 MVA 0.0 MVA Running
BOILER 1 BOILER 2 RTE
0.0 MVA 0.8 MVA 0.0 MVA
‘ ‘ 5400 ‘ S22 ‘ T15 ‘ Lcol | Lco2 Lce3 | Lco4

HOME | UTIL| HV
LClo ‘ LC11 ‘ LC12 ‘ LC13 ‘ LC14 | M1 M2 ‘ M3




10

10

420

< 400

UTIL-HY-5400:BRX000-JTO1-STATE

UTIL-HV total power

4 months of operation

UTIL-HY-522-BUS5:TC5004-1TD1
UTIL-HW-522-BUS5: TC5004-1TD2
UTIL-HY-822-BUS5: TC5004-TD3

Wby

UTIL-HV 22/15 kV transformer incoming current

Feb Apr May Jun
2019
UTIL-HV transformer incoming current
!
UTIL-HV-S400-BAY 1. TC1000-T01
UTIL-HV-S400-BAY2 TC2000-T01
UTIL-HV-S400-BAY3:TCI000-TO1
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AR LERARA | |
oL . . . e
| I I
Feb Apr May Jun
2019
UTIL-HV transformer incoming voltage
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T T 1
| | | | |
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Software Configuration Control (Work flow)

o 2 mATILHV5220 4163 th06m mate  [Tlog B RSS

o o -UTILHV-S 400/ U168 50m marti JLog O RSS

[u] . branches! MOTT  2621h banis  Dlog D RSS

o tag/ 9385 TdOh mair  Tileg D RSS

o HIB0MEGTD-DELIVERYY B45EE 2274 00h stepand (Tl Log ) RSS

o £ 201B0T10-GTO-DELIVERY/ WA 115d04h simela  log B RSS

Submit o o M180719-GTD-DELIVERY/ 91226 1024 03h Suptaj JLog B RSS
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ITER Control
Model (ICM) <

Deploy

Quality Control

CODAC Adm.
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< > = =
Tester e : : = -.
- - e e e -
o Mo Mo No Mo o
5555 5

Wed May 29, 2019 More details Thursday (Bustos)
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Coming up for Electrical...

[ lcas [ess Pulse ID 1289
[ Jcopac [ IcIs SUP #H#
\

UTIL

Low voltage load centers ]

CEA 'lrl

Medium voltage load centers
=
Pulsed Power Electrical Network

/
4 L

i% 1Show Info
3Fh C
7l Brs

o R
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HOME UTIL




Building Services

« HVAC, electricity, lighting, compressed air, demineralized water, fire
monitoring..., but also some instrumented occupational safety
functions ...

« Delivered as part of buildings by Europe

EPICS Collaboration Meeting, 3-7 June 2019, ITER, France
© 2019, ITER Organization
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Coming up for Building Services...

[lcas [Cless Pulse ID 1289 e
[copac [ cIs SuP P BUILDINGS, PBS{61,62,63,65,69,70} 2019-05-15T15:45:13.
. 5 ] Show Info ALARMS
2 Current Alarms (302) Select x

I Acknowledged Alarms (10)

A ~ | Dascription

ON/OFF 0
‘ = \ £ FAN ON/OFF
[ L » D : ON/OFF
| Reserved '} - ON/OFF

Neutral Beam tird 7 FAN ON/OFF
FAN ON/OFF
FAN ON/OFF
FAN ON/OFF

(X] cu-0002:State - C.B  ©5:26:
[X] PCO EM-HVAC-RT

Display limited to 2

Legend Gas Fluid ye Q?

Invalid
alarm
state

Major
alarm
state

Minor
alarm
state

On -
running| 3.14
state

= @

off - o
stopped 3.14
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|
E

Flow
HOME BUIL

No Flow




Secondary Cooling Water

« High level design as of 2017
* Multiple component cooling water loops, chilled water loops and heat rejection

e

—

e

CCWS-2C Build. 38 CCWS-2B Build. 32 g8  CCWS-1 Build. 68-69-11-14
4

_ : : A HRS Build. 64-67-68-69

Sza . - \ &
g CCWS-2D Build. 50s =

—

" 4

d

TCWS Build. 11-14

CCWS-2A Build. 15 An CHWS-H2 Build. 61
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Secondary Cooling Water

16 blue cubicles

: s~ ip3gi102 /B37-L1-05 | = | B23-3 |
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Secondary Cooling Water

i . /mimics/ITER-CWS-SCSU-CC2D-PFD =

CAS C€ss Pulse ID 1289
F:CUDAC F:EIS SuP P CC2D: PRESSURIZER, PUMPS AND HEAT EXCHANGERS
PR PAPG Show Info
i To Atmosphere ! MDS-B001 é%
; PL-601 [}
| VG-1490
| ve-1415 vor_1|591 _ =
f —K e F1-0801 . From HRS
; MP-0067
PBS-65N2 VC-1414 0.01 % 200 kPa
o ®, . MDS -0062 et
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o) i ar é ) )
> L)
FI-00803 M
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1821 - MDS -804 |
PL-0004
V6-1432 : ~
F1-0804 K/
I WCC HX-8001
SEDo0001 MFT-0083
Caustic Dosing @ - 1449 K |
Systea /s T
AGl PL1 PL2 Y
L . vC-1461
()
Tt
MP-0068
20.88 % 1254 kPa =---
HTE-1234(V)
MTE-0146 MAC- 8001 MAP-0610 FRZ @ 25.31 °C
q 1 '
WD-61 36'? < = "?’“"‘ ?'B? B v6-1481 ! WD-61
- 1 i i ‘\",‘ I -
I
WD-50s Drain WD-58s
. P2:WD-61 P3:WD-505
HOME | cws | scsu|ccan| prD PLIPRESPIPG | cHILLeR CRY0
CLIENTS CLIENTS

2019-05-21T13:13:41.

ALARMS

Current Alarms (9 of 907 &Select x
Acknowledged Alarms (11 of 11 alarn
A T

- Description

87:FT T
Flow Ou
Flow Ou
Flow Ou

Ou

v MTE@183: Temp
v 1 CC2D-MTEBO12: Temp
1|47 CC2D-MTEGO1E: Temp
~
=

17|CC2D-MTEQBO4: Temp
MTE@182:Temp Ou 13:01:51

]
el
18
=]

Invalid
o
state
Major
e
state
Minor
alarm | 3.14
state

On -
running 3.14
state

off -
stopped 3.14
state

Flow

No Flow
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Coming up for Secondary Cooling Water...

« Lab tests of “early operation” for cryoplant (now)

» Install B61 TCR and establish external connectivity (late 2019)

« Start of commissioning for “early operation” in B61 (late 2019)

« Plan for version 2 to separate cooling loops (multiple PLC’s, rewiring,...)

BUIL Ef CTRL O Ei
HOME ! | ﬁ:

UTIL



Cryogenics

LHe plants|

0 K Guench)]
Tank
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Liquid Helium Plant Master Control Cryodistribution

| | |
HMI | | HMI | | HMI | | HMI
| | |
| | |
| | |
| | |
| | |
L | e |

| | |
| ponIcrYO |
f 1 f
| Cry¢ PVN |

A | | | A

i | | | i
i | | |

PLCL H | | | PLC | ! |
pca YL | | |
—kicn | |
l I """" L """ | | Proﬂr'mer

Y |

Liguid Nitrogen Process Liguid Helium Process Cryodistribution Process

| rens |
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Cryogenics

I CRYD-CH=
PLC SYS Alive Counter 0 c L
Cycle Time Commands Counter (LI
Utilities & Auxiliaries Test cryostat OFF MAG LHe plant loop status :  MAG Cool-down from 80K to 6K
Power supply [ TInstument air [J] Pure GHe storage ™ CTcB connexton [l

water cooling [J N2 plants [

CP LHe plant loop status :

CP ACB Nominal mode

N2 storage [65.5 % | [l

LHe Plant 1  [cP + mac |
]

LmH

Stability ﬂ'

GHe plants
GHe Storages
Leak T. system .

LN2 Supply

72 %

Quench tank @ [ | |LHe tank ok [l
LHe <
)
|
135.6 K | [1.79 bar | [428k ] [ 5% |
|BBK loops status : 8K Loops Nominal mode |
BOK Plant 1 CP + MAG

g3 o) 7.2 ) 55 w7 ]

e e ]

Quench tank supply

Quench tank return

Vacuum [l
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GHe plants
GHe Storages
Leak T. system ”'ZH

LN2 Supply [z |

86K Plant 2

CP + MAG

Foes o) 7.7 ] 355 a7 ]

fe-o9 war| .z ]

ll =

GHe storages

1.05 bar

W Heater LP return
Stability [

L Current leads return

MP return

HE
2
2

2019-05-21713:29:24. SN

- Description

Alarm Ti

L»:H

72%

Quench tank supply
Quench tank supply

vacuum [

A% Hove |cryo| cH

MAG

. cPY

T3/T4
vacun [

—

52 bar

5.2 o7 [He3ter LP return
Stability ﬂ WRB MP return

WRB supply

|

TuT2 |6 - 109K return
Quench tank return

|
6 - 106K return
| ] EEm o o) e
| o e
| IE| WH e
__2 bar
seabitiey i e v rerin
I WRE supply
F
6 - 186K return
L P nm
| p] O] v
L
[ Lhe prant 3
@
]

Legend

Invalid

alarm -
state

o [l

alarm
state
3.14

Minor
alarm
state

Oon -
running 3.14
state

off -
stopped 3.14
state

Flow

Ho Flow
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Coming up for Cryogenics...

» Install B52 internal network, TCR and establish external connectivity
(early 2020)

« Start of commissioning in B52 (2020)

BUIL Ei O CTRL
HOME : 3

UTIL



Coil Power Supplies and Reactive Power Compensation (RPC)

. llati f f d
[SummaryofITERCoiIPowerSuppIySystem(CPSS)] Converter Ratings InSta a'tlons O tra’nS Ormers an
Ratings & Procurement Arrangements 135KV @ £45 KA
converters started (18 months)
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Abbreviations

cs Central Solenoid Converter
Correction Coil Converter, Upper
ccs - . “ Side
ccL " “ “ Lower
FDU  Fast Discharge Unit

PF Polidal Field Converter
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SNU  Switching Network Unit

Vs Vertical Stabilisation Converter
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Coil Power Supplies
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HOME

Coming up for Coil Power Supplies and Reactive Power Comp...

« Install B30’s network, TCR'’s and establish external connectivity (now).
To first service B32, B33, B38 BMS and later RPC and CPSS

 Mechanical installations until end of 2020
 Lab tests in 2020

« Start commissioning Reactive Power Compensation in 2020 and Coill
Power Supplies in 2021

BUIL Ef CTRL

< , f : ? : UTIL



Electron Cyclotron Heating and Current Drive

« Many different suppliers with

Europe responsible control
I ' system integration
_____________________ : t~ .. <« Falcon gyrotron test facility in
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Electron Cyclotron Heating and Current Drive
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Coming up for Electron Cyclotron Heating and Current Drive...

« Install B13/B15 network, TCR’'s and establish external connectivity
2020.

« Waiting for B15 Ready For Equipment to start mechanical installations
« Continue tests at Falcon (Europe)

« Lab tests in 2020

« Start commissioning Electron Cyclotron Heating in 2021
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« And then we move into the Tokamak Complex
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CODAC Operation Applications

The software suite for supporting plant system Exploring EPICS 7 for “Execution”
commissioning, tokamak operation and plasma (Bauvir, Neto this afternoon)
experiments by delivering the following
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Conclusions

» |ITER Control System is in operation

* Over the coming years more and more systems will be commissioned and
put into operation

» Serious work started using EPICS 7

« Many control system job opportunities coming up https://www.iter.org/jobs
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