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Layout of the main components on the zs:f;ﬁ‘:gN
ESS site
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Key features of the ESS Target Station @
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Key features of the ESS Target Station

Moderator

and reflector Target Safety System
proton beam - Helium cooling of
N _ . monolith » Monitors target coolant flow, 8
plug 4 vessel pressure and temperature, target material
LU= monolith pressure, » Mass flow 3 kg/s
& target wheel rotation > Pressure 11 bar
» Prohibit beam on target if > Temperature

parameters are outside inlet/outlet 40 °C/240 °C
specified limits

neutron
beam
extraction
port

Rotating solid tungsten target
» 36 sectors
target » Mass, total 11 tonnes, whereof 3 tonnes of W

glehlilesi-@ > Rotates 23.3 rpm, synchronized with pulsed proton beam 14 Hz
plug

Diagnostics and instrumentation
» Controlled and integrated commissioning and
operation of the accelerator and target
» Fluorescent coating of PBW and target front face
» Optical paths, grid profile monitor, aperture monitor
» Wheel monitoring including position, temperature,
vibration, as well as internal structure

Moderators
» Provisional locations of moderators above and
beneath the target wheel, i.e. monolith centre
» 15t MR plug exploits the upper space, offering:
v" Cold, 30 mm high, liquid H, moderators, 17 K
v Thermal, 30 mm high, H,0 moderator, 300 K




Key features of the ESS Target Station
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Casks - Interfaces

Site

infrastructure
High Bay Crane

12.6.5.2
Mock-up and
Test Stands

*Mock-up

12.6.4 Casks
and
Associated
Handling
Devices

12.6.2 Active
Cells

*Floor Valves

eActive Cells
Mode Control
System

12.5 Fluid
systems

©12.5.4 Target
station HVAC
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12.2 Target Systems

©12.2.2 Target Wheel

©12.2.3 Target (Drive) and
Shaft

eTarget Monitoring Plug

12.3 Moderator Reflector
Systems

¢12.3.3 Moderator and
Reflector Assemblies

12.4 Monolith System

©12.4.2.2 Proton Beam
Instrumentation Plug

eTarget Monitoring Plug
©12.4.2.4 NBEX (Note 1)
©12.4.3 Confinement system

©12.4.3.1 Proton Beam
Window

¢12.4.3.2 Monolith Vessel

©12.4.3.4 Covers and
penetrations

©12.4.4.2 Inner Shielding
Systems
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Mock-Up and Test stand
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Operational functions

 The casks are required to constitute a physical enclosure as well as an interface to
high bay crane, active cells, mock-up and test stands and the monolith.

 The main system objective is to constitute a radiation shielding and a foundation
for a safe functional process for remote handling and transports.

* The mechanical design of the casks shall be focused on functionality and flexibility
and the main objective is to limit the number of specific casks to a minimum.

 The system shall be designed considering recovery and reverse processing order
and shall cover all steps of the different handling procedures for all monolith
components.

17



Safety functions

* Radiation shielding
e Confinement of radioactive substances

* Provide a level of safety that includes induced
secondary effects from cask handling not would
endanger any facility barrier.

18



@ croma
Preconditions for lifting |

The remote handling system shall safely maintain the load in
different transport and handling situations is, according to the
hazard analysis and shall be dependent on following three
regulations that together govern the chain of lifting:

* Swedish Radiation Safety Authority’s:

— Referral on lifting equipment and lifting operation
— Special conditions for the ESS facility in Lund

— Design Guide for Nuclear Civil Structures

19



@ croma
Preconditions for lifting Il

Lifting and transportation of shielded casks in high bay will be
performed with two electrically driven top running double girder
bridge cranes with the capacity of 50 ton each. The two cranes
can function in tandem for lifting operations over 50 ton which
will be the case for the target wheel cask as for an example.
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Integrated lifting devices - § 10 SSM oAt

lifting guideline:

AL llcod nucloar funl

substancesoutside the facility

High Bay crane
L3: Lifting where loss of load of radioactive material or

other loads, would or might result in the release of
radioactive substances within the facility presents a risk
that the radiation dose to people exceed the dose limits
for workers. =) KTA 3902 and 3903

Casks lifting devices AFS 2008:3, EN 13001-series, AFS 2003:6, AFS
Other lifting devices = 2006:4, AFS 2006:6, 2004/108/EG, 2006/95/EG

21
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Integrated lifting devices - Regulation

Guidance with background and reasons for Radiation Safety
Authority's regulations on lifting equipment and lifting operations

devices

£ | Lifting

Design Guide for Nuclear Civil Structures

Special conditions for the ESS facility in Lund,
(DNB) SSM 2015:25, June 2015

SSM 15-36 Appendix 1. Design of Lifting Equipment in

2015-06-01. ESS-0018828 rev 3 Nuclear Power Plants, KTA 3902
Corrected 2014/04/08

Inspection, Testing and Operation of Lifting
Equipment in Nuclear Power Plants, KTA 39C3
Corrected 2013/03/28

Bishdbiayemaldifting devices “ e g,anes_

Bridge and gantry cranes




Integrated lifting devices - Conclusion

* Operators are allowed to be present in high bay during cask transport during
normal operation if only the requirements of zoning are considered

* High bay crane: SSM L3 and Section 4.2 of KTA 3902. (Impairment of safety
relevant components can not be excluded)

e Casks: Industrial standard - Mechanical fixation of internal load during
transport and docking of cask. (Cask hoist completely unloaded during cask
transport. Lifting with cask hoist only when docked to confinement)

23



Estimation of processing time radiation
and temperature (TW)

‘ 10 000 Sv/h, 40 kW

1 day

Decay in monolith

2500 Sv/h, 15 kW

1 week

| 1 000 Sv/h, 600°C |

Opening of monolith

Cask transport

Docking, loading to cell

| 800 Sv/h, 60°C |
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Processing: cutting, packing

1 day
Separation, wheel and shaft
| 4 weeks [ sooswhsec |
Storage of wheel disk
| 5 years ’ 100 Sv/h, 20°C ‘

4 weeks

Transfer

24
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Requirements of radioprotection and :;’:&:E;:SN

shielding

Casks system shall contribute to the protection of operators and the public from
exposure due to direct radiation or any contamination contained within the casks.

* The design of the shielding functions shall restrict the
dose, 1 m from a cask, not to exceed 25 puSv/h and
the contact dose is limited to not exceed 2 mSv/h.
Both requirements need to be fulfilled

25



Shielding calculations for total weight - @)

first estimation

Production cost /weight/thickness

Dosrete (mSv/h)

3.50E+02
3.00E+02
2.50E+02
2.00E+02
1.50E+02
1.00E+02
5.00E+01
0.00E+00

Max 95 tons

pore

25 uSv/h 1 meter from cask
requires a wall thickness of
approximately 237 mm

TW Cask Axial steel shielding including 50 mm Pb - Contact

0 100 200 300 400 500 600 700

Steel shielding thickness (mm) 26



Dose rate limit

WE OFFER 3 KINDS OF SERVICES

600D-CHEAP-FAST

BUT YOU CAN PICK ONLY TWO

GOOD-CHEAP ~~FAST
FAST -GOOD = CHEAP
CHEAP-FAST -~ GOOD

[
=
s

)
Parameters for shielding design @
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Weight reduction — Shielding calculations @

Introduce integrated lead in cask

Optimize total weight <95 ton J\\

e e

Monte Carlo - Shielding Calculation

o

Dose rate

$~y——y¥

Above limit Equal to limit Below limit /

§ gy

Negotiate Approve
dose rate limit design
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Ongoing dimensioning shielding thickness Esm‘:ax
(TW cask)
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Ongoing MCNP calculation
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Estimation- Weight of TW cask)




Target wheel cask shielding - conclusion

* Classification of lifting devices in harmony with design and functionality

* Interlocks between high bay crane, internal hoist and opening of active cells
floor valves

* Additional safety features included based on hazard analysis

* Weight optimization absolutely necessary to achieve required dose rate limit
within maximum weight restriction.

* Lead cover integrated in cask instead of a cover following the TW
 Gamma gate hatch manufactured lead instead of steel

* Temporary shilding inserts between casks gamma gates and monolith structure
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Concept design study i
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Concept design study I

A generic design philosophy is used. The lists in below section shows
the features that are shared between the casks.
Uniform:

 geometry of lifting lugs for connection to the lifting rig

* size and shape of studs/screws

e guiding pin systems for casks, covers and interfacing valves
* electrical, I&C connection system

* flange patterns and hole distribution as far as geometrically
possible

* internal camera support fixtures

35



Structure of Casks

Lifting Beam for West Inner Shielding Blocks

Lifting Beam for East Inner Shielding Blocks \

Lifting Beam for Proton Beam Window Shielding Blocks \
|
| HANDLING

Lifting Beam for Target Monitoring Plug Shielding Blocks

Fixtures
Racks for Parking |
- |

ASSQCIATED

DEVICES

Temporary Shielding |

./“

CASKS SYSTEM

CASKS

| CASKS |
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Target Wheel Gamma Gate for Casks C-TWGGC
fI/ PBW and TMP Gamma Gate for Casks C-PBW/TMP-GGC
' MRP and PBIP Gamma Gate for Casks C-MRP/PBIP-GGC
. Target Wheel Gamma Gate for Monolith C-TWGGM
\_PBW and TMP Gamma Gate for Monolith C-PBW/TMP-GGM
"\ MRP and PBIP Gamma Gate for Monolith C-MRP/PBIP-GGM
West Inner Block Covers Including Lids CO-WIB
’ East Inner Block Covers Including Lids CO-EIB
|* Proton Beam Window Shielding Block Covers CO-PBW
| TMP Insertion Plugs Covers CO-TMP

s
/

[ PBIP cask adaptor plate A-PBIP
Adaptor Plates .'( TMP cask adaptor plate A-TMP
"\ MRP cask adaptor plate A-MRP
Temporary Shielding Ring for Target Wheel Cavity TSR-TW
\_ Temporary Shielding Ring for PEW TSR-PBW

GAMMA GATES

COVERS

Temporary Shielding Rings

‘,"'\ Target Wheel Shaft Shielding Block Cover CO-TW
I"‘ PBIP Shielding Block & Optics Elocks Cover CO-PBIP
Proton Beam Instrumentation Top CC-PBIP
Combination Cask CC ."/ Proton Beam Window Top CC-PBW
I." \‘\ Target Monitoring Plug Top CC-TMP
| Targel Wheel Cask C-TW
. Moderator Reflector Plug Cask C-MRP
\_Target Wheel Cooling Unit Cask C-TWCU
\_Moderator Cooling Unit C-MCU
\_TMP Inserion Plugs Cask C-TMPIP
| LEAD BLANKETS  Lead Blanket for Target Wheel LB-TW

36
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Interdependencies of remote handling

Target wheel cooling unit Cask S-TWCl —
ThAP In=ertion Plugs Cask CTMPIP —
'\.

|
| [ Concrete shisiding Blacks

|| || I|I oo nalith “wessel Cup Ay

[ | | peniesse
|I | Illl| Drive Linit
II I|II|I I" higirtenanc: Cell Hatch Beams !
I
I I|'
Temporary shielding rng for Proton Beam Wiindow cawvity CO-TM P~ @ Preton Beam Windew FILTQ )
I %@ Proton Bearn Wuindow Shielding
Ak Target Wihee

| 1
I /
| |
/ |
)
|
| ik Target honitoring Flug

@ Target Wiheel Cooling Unit
& Miest Inner Blodk, Lewel 5

II
Il !
|| III|I If / !
| / y
| I|| II| / p
[l
- Temporary Shielding Ring for target cawity CO-TER
f | mearany 2 2 ™ ¥ G st nner Blodk, Lewel 6
@ Shat Shielding Blocks
“¥ Temporary East Inner Block 2, Lewsl 6
“¥ Temporary East Inner Block 2, Lewel §

\

|
Il .
e ~ = Gamma Gate for Casks CGEC
Gamma Gate for bonolith C-GGM
W@ Mo derator Reflector plug
@ Proton Beamn Instrumentation Plug

@ TP Insertion Plugs

\_@ hoderator Cooling Unit
@ Ezzt Inner Black lewel 5
& East Inner Block lewel &
., | Termporary Eazt Inner Black, Lewal 4
o “ \_“* Temporary East Inner Block 1, Lewsl §
II\ ¥ Temporary Eazt Inner Block 1, Lewel 6

Target Whes| Cash C-Ty
TWY Lead Blanket LE-Twyr . T
hio derator Reflector Plug Cask CMRF N
hidoderator Cooling Unit Cask S-MCU — —— i
N/ RN N
O “

hdoderator Rotating Unit ——
- M, \ 1
=~ MRP cask adaptor plate A-MRP -

\

o

| ——
1 \\_ East nner Block Cowers Including Lids CO-EIE

\
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Proton Beam Widndow Top CC-PEW ——

. Proton Beam Widndow Shielding Block Cowers CO-F By

|fl:'- PEIP Shielding Block & Optics Blocks Cower CO-FEIP

|\ iz =t Inner Block Cowers neluding Lids 0 WIE —— -
'.I'&rget Wheel Shatt Shislding Block Cower CO-Twy

\ TP Inserion Plugs Cowers CO-TMF
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Concept of control interface -

Fixation

Electrical Control Cahkinet - C

Electrical Control Cabinet - Counterpart

Fixation

Cask Floor valve

Counterpart Floor valve

Safety signals

Power

HAA Activ

Hidl Counterpart
A 38



Monolith maintenance







Casks and monolith maintenance -

conclusion

* Complete shielding
analyses needed for
all cask configurations
and for all steps of

monolith Remote Handling Saf‘TVIhandl'_itr;g e
. onoli
maintenance Operators components

* Shielding strategy

also for temporary e Casks and

t in hiech b o Associated
S Orage In Ig ay Health Physics Handhng
Structural Analysis / Devices

Risk Assessment

* Complex and R
comprehensive Sensitiviy Study
package with many ting ooy
interfaces
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Five-year averaged production of o)) o
components
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Reference
Target wheel and shaft ESS-0030244

Moderator Reflector Plug ESS-0031795
Proton Beam Window 1 1 ESS-0059298
PBIP Slices ESS-0059296

Target monitoring plug ESS-0059300

Neutron Beam Guide plugs or inserts
Neutron Beam Shutters £SS-0029936
Bridge Beam Guide Holder

Flange Assembly
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