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Target Station is one of the three technical components of ESS

1. Introduction
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Target Station is one of the three technical components of ESS

Instruments

Instruments

Target

Accelerator

1. Introduction



1. Introduction
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Target Station high level functions:

• Generate neutrons via spallation by protons from the accelerator.

• Moderate and release the neutrons at speeds useful for the neutron instruments.

• Safe operation with high availability.

Proton 
beam

Monolith
Utilities

Active cells

High bay

A2T
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2. Way of Working (WoW)

How to implement this ”theoretical” WoW to an On-site organization?

Testing at labs, test rigs, prototypes
FAT (Factory Acceptance Tests)
Test Stands SAT (Site Acceptance Tests)

Preparation for T&C
- Test docs
- Testing binders

7

Partial 
Handover 
to Operations

Final 
Handover
to Operations
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2. Way of Working – Site organization
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Test packages is “lagom” size.

Information gathered in TB’s.

Installation & testing at the same

Time => Coordination of all site

activities in D02 building.

=> One schedule.

No parallel organizations.

Test and Commissioning is taking

advantage of the synergies

of the existing Installation 

Organization:

- One Area Coordinator who 

understands and evaluates risks.

- One electrical coordinator.

- Close collaboration with ICS 

(one testing team)

One schedule

Installation
Packages

Test
Packages

Installation
Coordinator

Test 
Coordinator

TPL TPL TPL TPL

WPM

WUL

Specialists

IK partner

Suppliers

Home office

IPLIPLIPL

I

T

Installations 

binders (IB)

Testing

Binders (TB)

Mech El

InstrICS

Proc etc

Testing team
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2. Way of Working – practical approach
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Testing in lab B02:
ü Test of LSS Frames in Vertical Handling Test Stand
ü Drive Unit Test
ü Drying System Test
• NBW Vacuum Tests
• NBEX Helium atmosphere

ü Alignment table for Neutron Beam 
Optic Assemblies in experimental hall  
E01:

Test stands: e.g. TRIM (Target division Ready for Installation 
in Monolith Vessel)

ü Installation findings
§ Proposed changes to the installation procedures
§ Rework to optimize installation
§ Test results
§ Tests just possible to verify in the MUTS
§ Proposed changes to final tests in the monolith vessel

Marc Kickulies

Ulf Odén

Marc Kickulies – Moderator
TUE 11:30-11:50

Ulf Odén – target Systems
TUE 14:00-14:20
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2. Way of Working – practical approach
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• Testing in Bypass mode: without connection cell installations finished.
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3. Testing plan – mapping of system dependencies

N2

IAD 

1031

DWD 

1032

Note 2

Note 3

Note 6

Note 5

W A

TMS

1063

N2 He

He

A A

CF AIR

CF DW

CF WC

CF N2
He

Supplies from 
Central Facilities (CF)

N2D 

1033

CDrT

1049

OffG

1140

MPRS 

1150

PrHe

1030

HePu

1015

IWCT

1046
HeC

1010
TWDS

1000

HeIn

1013

HePC

1011

Prerrequisites:
- Mechanical installation finalized & NDT carried out.
- Electrical installation (LV, MV, PLC, etc) & checking finalized.
- Fire Fighting system commissioned.
- ODH detectors commissioned.
- ICS commissioning (Note 1) -> PLC, communications, 

instrument signals commisioned, etc.
- HVAC commissioned (at least partially).

External
DW

IDrT

1047

Target Group system testing

Note 4

Note 7

HCPR 

1160

Notes:
1. ICS signal tests must be carried out before any remote

functional tests. 
2. CF DW: if not ready, then buy deionized water & rent temporal 

pumps to connect to DWD 1032. 
3. Check if N2 is needed to run IWCT 1046 system tests (GLS 

tanks pressurized with N2?).
4. OffG 1140, MPRS 1150  & HCPR 1160 must be previoulsy

commissioned due to need to vent gases (at least partially). 
Connection cell part of MPRS 1150 has to be blind flanged.

5. If PrHe 1030 not available, maybe possible to do 
commissioning with commercial He instead (but not desirable)

6. HePu 1015: Not needed for system testing phase (as no beam).
7. 1046 does not need N2 for initial system test. TBC.
8. 1160 electrical installation not clear when ready. 1160 can be 

operated without level measurement in tank C001 if no 
radioactivity present.

2020-06-01: ”Chain 1046-1000” replaced by ”Target Group” following designation in SDD-Sol Target Station part 2. 
ESS names’ mnemonics added. Notes 1, 7 updated. PLC numbers replaced by Control System numbers.

2021-07-05: 1160 added.
2021-09-16: Note 5 uppdated. Note 8 added.

1030 included in SUPPLY SYSTEMS & 1160 included in EXHAUST SYSTEMS now.

TWDS 1000 – Target wheel, Drive & Shaft
HeC 1010 – Target Primary Cooling 
HePC 1011 – Pressure Control Primary Cooling
HeIn 1013 – Helium Injection
HePu 1015 – Helium Purification
PrHe 1030  – Pristine Helium
IAD 1031    – Instrument Air Distribution
DWD 1032 – Deionized Water Distribution
N2D 1033  – Nitrogen Gas Distribution
IWCT 1046 – Target Intermediate Water Cooling
IDrT 1047  – Intermediate Drain Tanks
CDrT 1049 – Contaminated Drain Tanks
TMS 1063  – Target Monitoring System
OffG 1140  – Off-gas extraction
MPRS 1150 – Monolith Pressure Relief System
HCPR 1160 – Helium Cooling Pressure Relief
CF Air: CF Instrument Air Supply
CF DW: CF Deionized Water Supply
CF WC: CF Water Cooling Supply
CF N2: CF Nitrogen Supply

IAD 

1031

DWD 

1032

Note 2

CF AIR

CF DW

CF WC

CF N2

Moderator Group system tests

from FM

N2D 

1033

IDrT

1047

CDrT

1049

W AIWCL

1044

W A

W A

Smpl

1059
PDrT

1048

OffG

1140

WPuM

1050

WPuR

1051

N2

PWCM

1041

N2

PWCR

1042

N2

RGT 

1040

PBWC 

1070

MRP

1110

PBW 

1065

Note 3

Note 4

Note
5

Note 6

PBIP

1062

IrrM

1061

MRRU 

1112

Crs-TMCP 

(1120)

Crs-CMS 

(1055)

PrHe

1030

He

Crs-CMS 

(1100)

Note 7
Note 8

Prerrequisites:

- Mechanical installation finalized & NDT carried out.

- Electrical installation (LV, MV, PLC, etc) & checking finalized.

- Fire Fighting system commissioned.

- ODH detectors commissioned.

- ICS commissioning (Note 1) -> PLC, communications, 

instrument signals commisioned, etc.

- HVAC commissioned (at least partially).

N2 H2

H2 fill St:

1107

CWD 

1057

PrHe 1030 – Pristine Helium

IAD 1031 – Instrument Air Distribution

DWD 1032 – Deionized Water Distribution

N2D 1033 – Nitrogen Gas Distribution

RGT 1040 – Radiolysis Gas Treatment

PWCM 1041 –Moderator Primary Water Cooling

PWCR 1042 – Reflector Primary Water Cooling

IWCL 1044 – Intermediate Water Cooling 15°C

IDrT 1047  – Intermediate Drain Tanks

PDrT 1048 – Primary Drain Tanks

CDrT 1049 – Contaminated Drain Tanks

WPuM 1050 – Water Purification Moderator

WPuR 1051 – Water Purification Reflector

Crs-CMS 1055 – Water Cooling Hydrogen Pump (subsystem to 1100)

CWD 1057 – Cooling Water Distribution

Smpl 1059 – Sample Station

IrrM 1061 – Irradiation Module

PBIP 1062 – Proton Beam Instrumentation Plug

TMS 1063  – Target Monitoring System

PBW 1065 – Proton Beam Window

PBWC 1070 – Proton Beam Window Cooling

Crs-CMS 1100 – Cryogenic Moderator System

MRP 1110 – Moderator Reflector Plug

MRRU 1112 – Moderator Reflector Roration Unit

Crs-TMCP 1120 – Target Moderator Cryo Plant

OffG 1140  – Off-gas extraction

CF Air: CF Instrument Air Supply

CF DW: CF Deionized Water Supply

CF WC: CF Water Cooling Supply

CF N2: CF Nitrogen Supply

Notes:

1. ICS signal tests must be carried out before any remote

functional tests. 

2. CF DW: if not ready, then buy deionized water & rent temporal 

pumps to connect to DWD 1032. 

3. 1033 N2D: Check if needed to test PWCM 1041 & PWCR 1042 

(tanks pressurized with N2).

4. OffG 1140: Must be previoulsy commissioned due to need to 

vent N2 and He (at least partially). 

5. RGT 1040, WPuM 1050, WPuR 1051, Smpl 1059: Not needed 

for testing phase.

6. PBW 1065: if not installed, then bypass 1070.

7. Crs-CMS 1100: including all sub-systems (1101 to 1108).

8. The testing sequence for CMS will be shown separately.

9. If bypass with temporary connection (hose) is possible, then 

system 1070 can be part of the IST#1 – Bypass Mode tests.

Note 9

2021-06-29: H2 filling Station & N2 supply added som inputs to CMS 1100.

CWD 1057 added as input to X´Crs-CMS 1055. 

Note 9 added.

2021-11-18: 1054-1078 Added.

Note 5

Note 5

ResFill

1078
SpentRes

1054

IAD 

1031

DWD 

1032

Note 2

CF AIR

CF DW

CF WC

CF N2
N2D 

1033

IDrT

1047

CDrT

1049

W AIWCM

1045

IWCL

1044

A

N2

PWCS

1043

CPMV

1067MPRS

1150

Smpl

1059
Note 5

OffG

1140 MPBP

1098

WPuS

1052
Note 5

Note 5

AMRV

(1027)

InsC

1026

TMS

1063

IS

1066

PBIP

1062

PBWP

1076

Note 4

Note 4

Note 6

Note 7

Monolith Group system testing

W

PDrT

1048

Prerrequisites:
- Mechanical installation finalized & NDT carried out.
- Electrical installation (LV, MV, PLC, etc) & checking finalized.
- Fire Fighting system commissioned.
- ODH detectors commissioned.
- ICS commissioning (Note 1) -> PLC, communications, 

instrument signals commisioned, etc.
- HVAC commissioned (at least partially).

Note 3

Notes:
1. ICS signal tests must be carried out before any remote 

functional tests. 
2. CF DW: if not ready, then buy deionized water & rent temporal 

pumps to connect to DWD 1032. 
3. IWCL 1044: 

• For IWCM 1045, only L122 for reception of drainage 
(testing of 1044 may be done w/o 1045 and w/o 
PLC#1).

• For RGT 1040, provides cooling; however, not 
mandatory. Enough to fill cold side of Hex with 
water.

4. OffG 1140 & MPRS 1150 must be previoulsy commissioned due 
to need to vent gases (at least partially). Connection cell part 
of MPRS 1150 has to be blind flanged.

5. RGT 1040, Smpl 1059 & WPuS 1052: Not needed for testing 
phase, but need to be tested in this phase themselves.

6. MRP 1110, InsC 1026: not part of this Group.
7. PBIP 1062: Belongs Accelerator Division.

InsC 1026 – Neutron Beam Port Insert Cooling
IAD 1031 – Instrument Air Distribution
DWD 1032 – Deionized Water Distribution
N2D 1033 – Nitrogen Gas Distribution
PWCS 1043 – Shielding & Plugs Primary Water Cooling
IWCL 1044 – Intermediate Water Cooling 15°C
IWCM 1045 – Intermediate Water Cooling 30°C
IDrT 1047 – Intermediate Drain Tanks
PDrT 1048 – Primary Drain Tanks
CDrT 1049 – Contaminated Drain Tanks
WPuS 1052 – Water Purification Shielding & Plugs
Smpl 1059 – Sample Station
PBIP 1062 – Proton Beam Instrumentation Plug
TMS 1063 – Target Monitoring System
IS 1066 – Inner Shielding
CPMV 1067 – Covers, Penetrations & Monolith Vessel
PBWP 1076 – Proton Beam Window Port Block & Vessel
MPBP 1098 – Neutron Beam Port Block Package (”Port Blocks”)
MRP 1110 – Moderator Reflector Plug
OffG 1140 – Off-gas extraction
MPRS 1150 – Monolith Pressure Relief System
CF Air: CF Instrument Air Supply
CF DW: CF Deionized Water Supply
CF WC: CF Water Cooling Supply
CF N2: CF Nitrogen Supply

2021-07-12: Water supply till 1043 added. 1048 added.
2021-07-13: PrHe-1031 not needed for RGT-1040. 1030 Deleted here.

RGT-1040 cooled by IWCL-1044 instead of 1045. Note 9 added.
2021-10-24: MRP-1110 deleted from this group.
2021-11-18: 1054-1078 Added.

N2

RGT

1040

from FM

ResFill

1078
SpentRes

1054
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3. Testing plan – implementation of the schedule
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HVACHVAC

Water cool

CMS

Target systems (He cool, TW, 
etc)

NBEx

Vac
LSS

TSS

NF

Group 
testing

MUTS testing

3. Testing schedule – grouping of activities in parallel teams
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HVACHVAC

Water cool

CMS

Target systems (He cool, TW, 
etc)

NBEx

Vac
LSS

TSS

NF
Group 
testing

MUTS testing

SAR NF + SRR 5

SAR Moderator group
SAR Monolith group
SAR target systems group
SAR NBEx group

SAR HVAC

SAR ACF + SAR CA
3. Testing schedule – verification and safety

SAR = System Acceptance Review
SRR = Safety readiness Review



4. What´s done so far - ACF
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SAT Waste 
Transfer System

SAT Maintenance
Floor Valve SAT process Cell

Floor Valve

SAT Upper
Intrabay Door

SAT Lower
Intrabay Door

SAT Component 
Transfer Hatch

2022-10-10 COMMISSIONING PLAN TARGET- MODERATOR SYSTEMS



18

CMS is cooled by the Target Moderator Cryoplant (TMCP)

G02 Cold box Hall Below grade duct 
(CTL Trench)

D02 Target building

Hydrogen room

GO4 Target 
Compressor Hall

CMS cold box

Distribution
Box Monolith

Six 
HXs

..... 

TMCP cold boxTMCP 
Compressor

CTLR
(9 vacuum sections)

CTLS
(9 vacuum sections)

CTL (300 m)

Warm He supply

Jumper spool 
box (JSB)

HTL
(30 m)

Moderators

Design pressure: 25barg

17 K Liquid hydrogen is 
circulated (1 kg/s) at 10 bar.

300 K 300 to 15 K 15 to 21 K 17 to 20 K

HydrogenHelium

CMSTMCP
Design pressure:16 barg

6 to 20 bar

4. What´s done so far - CMS STEP 2 with He going on, 33% done: 
ü Verification of the CTL and JSB.
Left to be done:
Ø Optimization of the cooldown and warm up Operation.
Ø Tune in of the system parameters with a simulated heat load.

STEP 1 - DONE STEP 2 - ONGOING

STEP 3 STEP 4 STEP 5
1104

VAC CMS

1055
Wat Cool H2 pump

1057
Wat Distr H2 pump

Philipp Arnold, TUE 11:30-11:50
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Q2-Q3 2023 (He)
Q4 (H2)

Q3-Q4 2023 (He)
Q4 2023 - Q1 2024 (H2)

Q2 2024 (He)
Q2-Q3 2024 (H2)
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4. What´s done so far - Utilities

High Bay

Level +115

Level +103

Level +85

Room 3064
Room 3067

Room 4003
(triangular room)

2022-10-10 COMMISSIONING PLAN TARGET- MODERATOR SYSTEMS
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4. What´s done so far - Utilities

Drainage systems in Level +85 in D02 building
Systems 1047-1048-1049

High Bay

Level +115

Level +103

Level +85

Room 3064
Room 3067

Room 4003
(triangular room)
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21COMMISSIONING OF THE TARGET STATION2022-09-27

4. What´s done so far - Utilities
Drainage systems in Level +85 in D02 building:

ü Single Objects Tests 1047

ü Single Objects Tests 1048
ü Single Objects Tests 1049

ü System Tests 1047
ü System Tests 1048

Ø System Tests 1049 => ongoing

2022-10-10 COMMISSIONING PLAN TARGET- MODERATOR SYSTEMS



22In-Kind: ESS-Bilbao (ES)

Cooling by Helium gas
11 bar, 40-230 C, design 3 kg/s

36 sectors
186 Tungsten blocks / sector
3 tons Tungsten
23,333 RPM rotational speed

Already in the MUTS => testing ongoing

4. What´s done so far – Target Wheel at MUTS

Ulf Odén – target Systems
TUE 14:00-14:20
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4. What´s done so far – Other support systems

- Deionized Water Distribution in D02 building and integration with FM supply system -> DONE

- Instrument Air Distribution in D02 building and integration with FM supply system -> DONE
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The Drying Ssystem has being tested in the test 
rig in building E02. 
The aim of this system is to improve the drying 
of the water systems from radioactive water, for 
improving the safety during maintenance 
operations.

The tests in the test rig showed that:
After draining the water to the Drainage Tanks in 
level +085 it is possible to suction remaining 
water with the Drying system if a certain under 
pressure is first created.
The remaining water droplets can be eliminated 
with the vacuum system. 
The humidity degree in the piping can 
monitored with dew point measurement and 
pressure measurement.

4. What´s done so far – Other test rigs
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5. Next coming testing activities - Highlights
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- ACF: SAT wire cutting station & grapple crane

- Utilities: Single Objects Tests on Intermediate Water Systems

- CMS: continue with the step 2 of the commissioning plan for CMS

- MUTS: “24/7” running test on Target Wheel in November/December.

- HVAC: start preparations for commissioning

- Worries for failure of key components that impact on the testing and 
commissioning schedule and execution.

- Alignment of the commissioning plans for the whole ESS ongoing (integrated 
commissioning)
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6 Summary

• The engineering flow implies a WoW where testing has been present all 
the way, not only during testing phase.

• Site organization synergies, close collaboration with Installation. One 
schedule. Support from IPL.  Close collaboration with ICS, one testing 
team.

• Test stands, MUTS, help us optimize the installation and testing. 
Decrease uncertainties and risks.

• Testing and commissioning of some systems ongoing:
• SAT’s for several parts in Active Cell Facilities
• Cryogenic Moderator System (CMS) Step 2 with Helium.
• Drainage Tanks Systems in Utility rooms in level +085.
• Distributions systems such as Deionized water and Instrument air.

• Worries for the late problems with key components and how this will 
affect the commissioning execution.



7 Questions


