








4.3 Infrastructure

431 Electrical Installations and Cabling

4311 Power distribution and energy supply
The currently installed power in the experimental hall WEHA is
sufficient. The main energy distribution for the WEHA building
will remain at its present position. Because of the new building
planned for TATTOQS, three existing transformers for WEHA
have to be relocated and will be installed on a new podium.
For the HIMB project, new power distributions in each of
the new experimental areas have to be installed. The existing
main distributions need to be updated based on the new area
and infrastructure design. The individual experimental areas
must be supplied independently of each other.

4.3.1.2 Cabling and installation

A high number of existing cables need to be replaced.
Many cable trays, some cables and other infrastructure com-
ponents have to be adapted to the new layout of the affected
area.

The entire electrical installation from the proton beam-
line up to the experiments must be completely reconnected

Figure 4.3.1: Full rack platform at the WEHA building westside.
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and rewired. That means also removing of the old cables and
cable trays and installing new ones.

All cables associated with the new areas and beam-
lines have to be changed or replaced and need to be shielded
according to EMC requirements. This results in an increase
of cabling volume by approximately 1/3 for the new muon
beamlines, and respective requirements for additional space
on the cable trays. The individual experimental areas and its
infrastructure must be cabled independently of each other.
The associated control racks must be redesigned in accord-
ance with latest standards. Some systems need more space
for their control racks. This space must be provided with new
platforms. Figure 4.3.1 and Figure 4.3.2 show the present sit-
uation of already densely filled infrastructure platforms and
cable trays in the WEHA.

4.3.2 Cooling System

In order to obtain space for the systems, components and
building infrastructures, extensive dismantling and relocation
work in the area of the cooling system is necessary. In gener-
al, the cooling station has to be relocated as the new muon
beamlines cross the space of the existing installation. Most

Figure 4.3.2: Filled and partially filled cable trays and a lot of old cables near
the PiM1 experimental area.
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Figure 4.3.3: New location of the tertiary 4/7 cooling circuits (green),
see also Chapter 4.2.2.3.

of the components have been in service for approximately 15
years; selected components may have a residual life of further
15 to 20 years.

For the HIMB project, a new and tailored cooling infra-
structure has to be designed. Focus is set on the beam path
components, the beam dump and the experimental facilities.
The new cooling system is planned and built taking energy and
efficiency optimizations into consideration. As far as possible,
the existing cooling circuits and components will be reused
or modified. The existing cooling supply of the Target M is
assigned to the cooling circuit tertiary no. 7 and the existing
cooling water distributions are reassigned. The connections
for cooling of the consumers are renewed. Due to space con-
straints, the tertiary cooling circuit no. 7 is being rebuilt at a
new, suitable location (Chapter 4.2.2.3), where also the cooling

Figure 4.3.4: New
cryogenic He supply
station including
cold head workshop
and counting rooms.
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circuit tertiary no. 4 will be located, presently situated in WNAA
(see Figure 4.1.1in Chapter 4.1). The situation of the new location
is shown in Figure 4.3.3.

The existing, well-preserved main components such as
pumps, heat exchangers, filters, control valves are partially
activated or contaminated and will be reused to minimize
waste. As part of the energy optimization and the relocation,
the existing 20-year-old control system will be replaced and
redesigned according to the current state of the art and the
electrical cabling will be completely exchanged.

4.3.3 Cryogenic System

The main topic regarding cryogenic systems is the reuse of

the 1990 Sulzer helium liquefaction plant at a new location in

the WEHA and the installation of a second liquid nitrogen (LN2)

feed to increase supply security. Parts were already installed

a few years earlier but will be completed by the extension of

the LN2 line between MuE1 and the SINQ wall.

New cryogenic He supply station:

» Saves space: including counting houses and service caves.

 Suitable for the current cold box (horizontal position) and
the future one (upright position).

» Ground filling: less crane usage than before.

* Topfilling: for Dewars that need to be transported by crane
anyway.

4.3.31 Heliquefaction

The plant will be around 40 years old when HIMB goes into
operation. To ensure continued high-availability operation,
various components will need to be renewed. However, we
know that some critical components in the cold box can no

Cold box installation

Top filling Station
for mobile Dewar

to be transported by
crane into

experimental areas

Ground filling station
for mobile Dewar

no crane needed
(Supply SINQ)
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longer be manufactured identically due to the lack of docu-
mentation from the manufacturer. Additionally, the unit had a
crack in the vacuum envelope about 10 years ago. Due to the
high investment for a new cold box, it was decided to take
this risk.

4.3.3.2 Upcoming work on the liquefaction plant

* A multi-story steel structure must be designed and fabri-
cated, on which the liquefaction plant will be installed.

* An existing breakthrough to the tunnel under the WEHA
will be used to supply the cold box at the new location in
order to route the helium lines from the compressors in
the WKSA building and the required infrastructure to the
liquefaction plant. This includes warm helium, nitrogen,
cooling water with emergency backup, helium recovery,
compressed air, and electricity.

* The two existing 2000 litres dewars must be installed with
new transfer lines.

* Two new transfer lines must be designed and installed for
helium transfer into the mobile dewars.

* The transfer line from the cold box to the BTS Magnet must
be planned and fabricated. Due to the challenging path
through the shielding of the experiments, it must be a
flexible design with a length of about 30 m. The length of
the line could be problematic for operation, as the heat
inputin such flexible lines is significant. The boundary con-
ditions need to be clarified.

* To connect the MuE1 experiment, the existing transfer line
will be partially reused to reduce financial costs. The line
to the BTS Magnet is more complex and, therefore, much
more expensive.

Extension ol the liguid nitrogen line

Existing liquid nitrogen line
Helium transfer lines from KA4

* To improve reliability, all cabling on the cold box will be
renewed. Additionally, a terminal cabinet that is no longer
needed, will be rebuilt.

* Critical sensors and actuators will be replaced with new
standard modules.

* The vacuum and pump-purge system will be renewed, and
the piping must be restructured. As a result, it will also be
necessary to switch the ports of the cold box to accommo-
date the new situation.

* The control cabinet and the PLC will remain largely un-
changed to save additional costs.

4.3.3.3 Other upcoming work

* The cold head overhaul workshop, currently located
around the existing liquefaction plant, must be rebuilt, and
installed at the new location in the premises beneath the
new liquefaction plant.

¢ The LN2 lines in the WEHA, which are currently supplied
by only one tank at the WBGB building (T2), will need to be
partially renewed and extended.

* New automatic filling stations for LN2 will be installed in
the experimental areas to reduce the time spent in the
zone and increase the efficiency of the experimental work.

4.3.3.4 Conclusions concerning cryo-systems

The planned upgrades and changes are shown in Figure 4.3.5.
These modifications will result in a safer and more redundant
supply of liquid nitrogen, as well as easier handling and a mod-
ernized infrastructure for the distribution of liquid helium.

New platform for LHe supply I:l

Figure 4.3.5: Overview of the liquid nitrogen and helium distribution in the experimental hall after the planned upgrades and infrastructure changes.
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4.3.4 HVAC

4.3.41 Current System

The HVAC system consists of an air-cooling system above the
steel shielding of the proton channel and an air extraction to
maintain a certain level of under pressure in the channel. Thein-
stallation is soon at end-of-life and therefore a total replacement
of the present system including controls is foreseen. The existing
components must be removed and if required decontaminated.

4.3.4.2 Low Pressure Staging Concept & Realisation

During operation, the negative pressure within the channel
will be achieved via air connection ducts linked to the cen-
tral exhaust air system of the WEHA. The negative pressure
can be regulated through automatic or manual adjustment of
the exhaust airflow. Due to various leakages in the channel's
shielding, a high exhaust airflow is required to maintain suffi-
cient negative pressure. [dentifying and mitigating these leaks
is a key objective for further planning.

To enhance air circulation and cooling efficiency within
the channel, modifications to the air circulation system will
be implemented.

During maintenance, the ventilation and air-condition-
ing system will be deactivated, and the airflow to the central
exhaust air system will be shut off.

Additionally, the existing air-cooling system of PiM1 will
be replaced and resized to meet the required cooling load (see
Table 2.4.14 in Chapter 2.4.5).

435 Compressed Air

Pressurized air will be fed by the existing campus wide network
with industrial standard compressors. The compressed air
with a nominal pressure of 6 bar. Fluctuations of +/- 0.5 bar as
well as fluctuations in relative humidity are possible. Various
quick coupling connections will be installed.

4.3.6 Central Building Control System (GLS)

The HVAC and cooling systems are connected to the technical
building control system in order to monitor the systems and to
alert the responsible service unit in case of failure. In case of
extensions and replacements of control systems, those inter-
faces and schematics have to be adapted, implemented and
tested. Generally, the system allows to archive all the moni-
tored data points and to retrack the status of the controlled
systems as required.
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Figure 4.3.6: Crane and Powermanipulator; Tg M Dismantling.

4.3.7 Cranes and Handling Tools

The experimental hall WEHA is equipped with a portal crane
featuring two hoisting devices (60 t and 10 t). This crane ena-
bles the transfer of items from the Ring bunker and Injector1
bunker to the southern entrance of the hall. Additionally, the
crane allows to move items into the active materials storage
WAKA. For the loading and unloading of components from
WAKA, an additional crane (3.2 t) is available.

The southern section of the experimental hall is equipped
with a rail system and transport trolley. This trolley can move
components, such as concrete blocks, with a total weight of
approximately 100 tin or out of the hall. While most lifting de-
vices (LLA) are already available, some require modification
or new procurement.

Various forklifts (1.5 t, 3 t, 20 t) are available for transfer-
ring components.

For the dismantling of Target M an additional crane with
a load capacity of 32 t (Figure 4.3.6) will be installed in the
p-channel within a contamination protection enclosure. The
detailed steps of the dismantling procedure are described in
Chapter 4.4.5.
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4.4 Logistics, Dismantling, Assembly

and Installation

441 Storage and Pre-assembly Areas

To support the project's preparation and storage require-
ments, suitable sites at PSl and potentially external locations
must be defined and reserved. A dedicated material storage
area will be established to serve as a primary reception point
for a significant amount of incoming material, reducing ad-
ministrative and monitoring efforts. The external hall ELMA
in Kleindéttingen (9 km from PSI), is suitable for most of the
new components (area 2'250 m?; two 12.5 t cranes). A com-
parison with previous large-scale PSI projects shows that half
of ELMA is sufficient for material storage. In addition, the need
for storage space was verified with PSI specialist groups and
the assumptions were confirmed.

Furthermore, during the long shutdown several areas
on the west campus, and more importantly in the WEHA are
reserved for short-term storage, logistics and storage of ra-
dioactive material. Some parts of the existing beamline will
be stored for later re-installation, some will be kept as spare,
and the rest will be stored within radiological monitored areas

Figure 4.4.1: PS| West Campus.
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for later disposal. Figure 4.4.1 shows an illustration with the
potential spaces needed for the project. A list of all potential
spaces with the foreseen usage scenario is given in Table 4.4.1.

Pre-assembly will take place in ELMA, PiA and WEHA,
though it is constrained by the crane's lifting capacity and
hook height. For heavy components, such as the large vacuum
chambers and their inserts, WEHA is the only feasible option
for pre-assembly. However, the hall is already heavily utilized
and could become a bottleneck for pre-assembly operations.
As a result, the newly available spaces created through the
reconstruction of the north area, as detailed in Chapter 4.2, will
be utilized for pre-assembly and logistical operations during
the long shutdown.

4.4.2 Work prior to long-shutdown

Prior to the long shutdown, several tasks are planned to reduce
the workload during the shutdown period. The two primary
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No Area m? Components Usage Status Remark
Ta WEHA- 200 5 Parkierzellen; Tg.M/H temp. storage of highly okay 3 existing
Inj.1 Bunker containers; Iron-beams activated material
b WEHA-ex. 160 target-H station pre-assembly okay floor load capacity
Neutron Bunker 18.5 t/m?
1c/d WEHA 200 logistic area; handling okay 60 tcrane
of heavy components
2 WAKA 160 activated and reusable temporary storage okay
parts
3 WKAA 100 PK-roof-shielding temporary storage okay
4 WWHA-1 200 separators preassembly okay 20tcrane
5 WWHA-A5 250 el.racks and cooling Pre-assembly of cooling okay S5tcrane
circuits circuits and electro-racks
6 ELMA 1100 magnets and general magnets pre-assembly okay rent extended until
ject part Sep.2037; floor load
project parts storage shelfs for °p o oorioa
. capacity 4 t/m?
general project use
7 EPIA 200 allinserts assembly okay 20 tcrane
8 WFUA 100 new cables storage for new cables okay
9 WXHA 100 temp. storage tbd
10 Tent 190 material from Target-M not or low activated tbd no shielding needed
removal material for later disposal
1 WLHA 50 magnets magnetic measurements tbd
12 WMHA 30 Tg.H test stand okay
13 tbd tbd material from Target-M activated material tbd covered
removal for later disposal concrete-iglu with
(that needs shielding) drain-safe bottom
14 tbd 160 Exchange flask assembly areaincl. tbd 60 tcrane;

(Tg.H & inserts)

material storage assy in 2H2026

Table 4.4.1: Overview Estimated Area Needs. See Figure 4.4.1.

modifications to be completed beforehand include relocating
the cryostation and implementing changes to the northern
area of the p-channel.

4421 Croystation Movement

The cryostation relocation is necessary to free up space ad-
jacent to Target M. In 2025, the new location in the MuE1 area
is prepared by modifying the layout and the construction of a
new platform, see Figure 4.4.2. By end of 2026 or before the
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long shutdown, the helium transfer lines and the cryostation
must be fully operational.

4.4.2.2 North Area reconstruction

In the northern area of the p-channel, several modifications
are planned as outlined in Chapter 4.2.2. These changes aim
to enhance emergency exit routes, as detailed in Chapter 4.2.3.
However, the reconstruction will be executed in different phas-
es as shown in the illustration below. The aim is to free up the
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space and prepare an area for the pre-assembly of the new tar-
get H station, see Figure 4.4.3. This process must be finished
until the second quarter of 2026. After the long shutdown the
new RF test site and the new inner courtyard will be set up.

4.4.2.3 Beamline dismantling

As a preparatory measure for the long shutdown, both PiM1
and PiM3 beamlines are scheduled to be dismantled in ad-

vance. This involves removing all infrastructure and beamline
components, except for the beamline section mounted on the
trolleys, see the subsequent Chapter 4.4.3.

443 PiM1, PiM3.x dismantling

The PiM1 beamline as well as the PiM3 beamline are planned
to be dismantled before the long shutdown. However, all com-

Figure 4.4.2: Cryosta-
tion movement before
long shutdown.
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Figure 4.4.3: Step by
step site preparation
for the pre-assembly
of the Target H station.

Figure 4.4.4: PiM1

and PiM3 Beamline.
Orange: Parts will be
removed before long
shutdown. Purple:
Components on trol-
leys, to be removed in
long shutdown. Green:
Parts will remain.
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ponents on the trolleys, which are underneath of the p-channel
shielding cannot be dismounted prior to the long shutdown.
Figure 4.4 4 illustrates both beamlines, PiM1and PiM3, where-
as the orange parts are removed before the long shutdown
and the purple part indicate all components on the trolleys.
The green part will remain and will not be removed during the
long shutdown.

4431 PiM1

Followingis alist of the tasks that need to be executed before
and during the shutdown in order to dismantle the beamline
PiM1.

Before long shutdown (September-October 2026)

Within the area PiM1 (Figure 4.4.5)

. Close and disconnect beam blocker KSD11.

. Remove experiment and area equipment.

. Dismount area cooler.

. Dismount steel platform 1.

. Disconnect beamline elements ASM11 - QSL18 and dis-
mount infrastructure.

6. Remove roof PiM1.

arWDNS

Outside area

1. Disconnect all power supplies (PS) and dismount power
supply platform PiM1.

2. Store PS and platform for reuse.

3. Remove all cables and cooling lines.

3

gsL 12-3263
5L 11-2561

_gso 1-172d
o

g L

P-Strahl

Figure 4.4.5: PiM1beamling, first steps of removal.
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Within the area MuE4

1. Stop beam operation MUE4 and close and disconnect
beam blocker KV61and KV62.

. Remove roof MuE4.

. Remove QSL 13 -QSL18.

. Stop operation liquid Nitrogen to MuE4.

Remove wall between PiM1and MuEé4.

. Install rail system.

OO A ®WN

Outside area

1. Disconnect hutches MuE4 and PiM1.
2. Dismount hutches, store MuE4.

3. Remove obsolete walls.

At the start of the long shutdown (January 2027)

. Unseal the p-channel and break vacuum.

. Drive trolley out of the tunnel.

Remove infrastructure connections on the trolley.
Remove iron bricks and concrete stones.

. Remove beamline elements.

. Remove trolley (Figure 4.4.6)

Remove rail system.

. Remove FS11.

. Seal or close with shielding the tunnel.

1
2
3.
4.
5
6
7.
8
9
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Figure 4.4.6: PiM1Beamline, trolley removal.
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4.4.3.2 PiM3

Below is a list of the tasks that need to be executed before and
during the shutdown in order to dismantle the beamline PiM3.

Before long shutdown (December 2026)

In the area (Figure 4.4.7)

1. Close and disconnect beam blocker KSD31.

2. Disconnect beamline elements FS32 -QSE36 and
dismount electrical and cooling infrastructure.

3. Openvacuum connections FS32 -ASS31.

4, Remove all beamline elements FS32 -QSE36.

5. Install rail system.

Outside area

1. Open roof above ASL32/FS32.

2. Remove power supplies.

3. Remove power supply platform.

4. Remove all cables and cooling lines.

Figure 4.4.7: PiM3 Beamline,
£ first steps of removal.

At the start of the long shutdown (January 2027)

Unseal the p-channel and break vacuum.

. Take out the pillow seal and close the target vacuum.

. Drive trolley partial out of the tunnel.

. Remove infrastructure connections on the trolley.
Remove iron bricks and concrete stone.

. Remove beamline elements.

Remove trolley (Figure 4.4.8).

. Remove rail system.

. Seal or close with shielding the tunnel in the p-channel.

©ONOON®WN S

444 PK1Dismantling

The PK1beamline is located in the north-western area of the
WEHA experimental hall and connects the Ring cyclotron with
thecurrent Target M. Thelast part of the PK1beamline from AHD1
tothe shielding block of the target station M, illustrated in Figure
4.4.9, must be dismounted in order to remove the Target M

212

Figure 4.4.8: PIM3 Beamline,
trolley removal.
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Figure 4.4.9: Part PK1
of the p-channel.
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shielding in a contamination protection by manipulators. Many
components in PK1 are highly activated, therefore have to be
stored in WAKA or the Injector 1bunker for a later reinstallation.
A large part of the beam components will be reused.

The beamline will be dismounted for the following reasons:
Construction of contamination protection and an airlock
system for the dismantling of target station M.

The UCN beamline is rewired from the WNAB building.
Dismantling and construction of infrastructure facilities
along the beamline. Coordination with the setup of the
beamline for TATTOOS in 2029 required.

The beam components are dismantled at the vacuum sys-
tem seals. The roof above the proton channel PK1 consists

Figure 4.4.10: Overview
of WEHA about target
station M dismounting
preparatory steps by
numbers.

PiM1
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of concrete beams, which are removed with the hall crane of
the experimental hall WEHA. The beamline components will
be removed with the hall crane, all lifting devices and attach-
ments are available.

445 Target M dismantling

4451 Preparatory Work

The dismantling of the current Target M will be partially carried
out via remote control. Before the dismantling of the target

YL

Trolley underneath m:
shielding
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Figure 4.4.15: Procedure of Target M shielding dismantling.
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Figure 4.4.16: Procedure of Target M shielding dismantling, remote handling.

station, the following preparatory tasks are planned, see also

Figure 4.4.10 - Figure 4.4.14:

1. Dismantling the PiM1and PiM3 areas (scheduled before the
long shutdown in 2027).

2. Removing concrete roof beams above the target station M.

3. Dismantling Target M, the two collimators, the BPM/profile

monitor MHS/S23/24 and the slit FS31 using the three ex-
change flasks. The components will be temporarily stored
in the parking slots.

. Dismantling PK1 (see detailed steps in Chapter 4.4.4)

. Dismantling infrastructure on the service level.

. Removing the southern shielding walls.

Dismantling the PiM1 rail system and installing the lead
glass window. Subsequently, the shielding wall will be re-
built up to the crane height.

8. Setting up contamination protection, including a crane,
power manipulator, camera system, airlocks, and lock sys-
tem with trolley (Figure 4.4.14).

9. Connecting the ventilation system to the vacuum chambers.

N o oA~

4.45.2 Dismantling of the Target M Station

The target station can essentially be divided vertically into two
levels. The upper level primarily consists of steel shielding,
which will be reused. The plan involves manually attaching the
components within the contamination-protection enclosure to
the crane and placing them into customized steel containers
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which are sufficiently shielded as illustrated in Figure 4.4.15.
These shielding containers will become part of the new shield-
ing for Target H.

4.45.3 Remote-Controlled Dismantling

After the removal of the upper layer, the remote-controlled
dismantling process starts.

The dismantling of Target M takes place within a con-
tamination-protection enclosure (Figure 4.4.14) and is partially
done viaremote control. For this process, an additional crane
with a load capacity of 32 t will be installed in the p-channel.
Additionally, a power manipulator currently in use in Service
Cell 2 at ATEC will be set up within the contamination-protec-
tion enclosure. For remote-controlled handling, the camera
system from Service Cell 1will be utilized. Furthermore, the in-
stallation of alead glass window in the southern shielding wall
is planned, which serves as redundance to the camera system.

The dismantling sequence follows the original assembly
order from approximately 40 years ago (Figure 4.4.16). The
planned steps are as follows:

1. Dismantling of the PiM1 section, including the vacuum
chamber.
. Dismantling of the section leading to PK2.
. Dismantling of the PiM3 section.
4, Dismantling of the target vacuum chamber, including
shielding.

W N
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Figure 4.4.17: Procedure of Target M shielding dismantling, parts manually attached to crane.

After the remote-controlled dismantling of the beamlines,

shielding components on the lower level will remain (Figure

4.4.17). These components are also planned to be manually

attached to the crane within the contamination-protection

enclosure. They will then be placed into additional steel shield-

ed containers, which will be integrated into the new shielding

for Target H.

For the dismantling of the target station, the following shield-

ing containers will be manufactured or procured:

* Approximately 12 steel containers for the reuse of compo-
nents.

* Approximately 7 concrete containers for the temporary
storage of components until disposal.
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Figure 4.4.18: Pre-assembly area of the target station H.
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446 Pre-Assembly

In preparation for the long shutdown, the components are
pre-assembled and tested to minimize installation time dur-
ing the shutdown. Pre-assembly will also help to identify any
before unknown problems with the components or the instal-
lation process.

There will be three different assembly locations. In
the external hall (ELMA), all magnets will be pre-assembled
and stored until pre-installation. In the new workshop of the
Park-Innovare building (PiA), all inserts, e.g. Target H, collima-
tors, monitors, etc., will be pre-assembled and tested. Finally,
the newly gained area in the experimental hall (WEHA) is used

MuE4
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Beamblocker

to pre-install the entire Target H station without surrounding
shielding, see Figure 4.4.18. This includes the assembly of the
girders, the large vacuum chambers and all inserts (including
magnets).

Pre-assembly of the Target H station, as shown below,
will begin in the second quarter of 2026. During the pre-
assembly phase, the installation procedure for all inserts will
be tested. The inserts will be pre-aligned so that less time is
needed for alignmentin the later installation phase. In addition,
the vacuum chambers with all inserts will be pumped down to
test the vacuum pressure.

4.4.7 Installation of new Target Station

and Beamlines

As soon as the existing Target M, the beamlines PiM1and PiM3
and the surrounding shielding are dismounted, the new Target
station H and the Beamlines can be installed. The first com-
ponents to be installed are the girder / baseplates underneath
the large vacuum chambers. The existing Target M baseplate
will be reused. All components within the main shielding of
the p-channel will be supported by girders that extends up
to the chambers of the KSK beam blockers, see Figure 4.4.19.

As afirst installation step, the floor will be prepared, the
holes will be drilled and the girder can be installed, as explained
in Chapter 3.10. Once the girderis aligned, the Target H vacuum
chamber will be positioned first. Subsequently, the inserts,
such as Target H and both capture solenoids, will be installed in
the chamber and their alignment will be checked for discrep-
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TargetM
Baseplat

Figure 4.4.19:
New target station H
and beamlines.

Beamblocker

ancies. It is crucial to do this before any other larger vacuum
chambers or the first dipoles are installed, since later there
is no chance to check this on site. In the following steps, the
dipoles and the PK2 chamber, along with their inserts, will be
installed using the same procedure. Next, the large vacuum
chambers for both beamlines MuH2 and MuH3, along with
their dipoles, solenoids, and beam blockers, will be mounted
on top of the girders.

Before the remaining parts of the beamlines (see Figure
4.4.20) will be installed, the complete main shielding of the
p-channel will be putinto place. This includes the steel shield-
ing near the large vacuum chambers as well as the concrete
shielding. However, the roof beams above the large vacuum
chambers will remain open until the new exchange flask H and
the existing exchange flask E is tested with all foreseen inserts.
In the meantime, the PK1beamline can be installed as the final
component within the shielding. Since it is still activated, this
approach helps minimizing the dose rate for workers on site.
In parallel, cables and signals from all monitors. thermoele-
ments etc are checked in the WEHA as well as in the acceler-
ator control room. After carefully checking the water supply,
the magnets are powered on.

Finally, the concrete roof beams will be put in place and
the functioning of the PSYS checked. Closing all four beam
blockersin MuH2 as well as in MuH3, HIPA beam operation to
target station E and beamdump or SINQ, respectively, should
be possible as soon as the approval of the Federal Office for
Public Health (BAG) for beam operation has been granted. The
beamlines MuH2 and MuH3 continue with installation and first
commissioning of magnets, separators, and beam pipes within
their experimental area.

Figure 4.4.20:

New target station H
and beamlines
MuH2 and MuH3.
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4.5 Survey and Alignment

451 Alignment concept

The measurement and alignment are based on an existing
measurement network and is mainly using 3D measurement
methods. The new beamline components, such as base plates,
target chambers, magnets and individual components are pre-
pared, pre-assembled and aligned in designated pre-assem-
bly areas. These modules are then transported to the target
area, checked and finally aligned.

45.2 Coordinate system

The basis for the measurement and alignment is the
right-handed coordinate system defined by the construction.
The zero point of this coordinate system is the center of the
ring accelerator at the level of the beam plane (Figure 4.5.1).
The axis alignment is based on the existing reference
system, with the X-axis pointing in the longitudinal direction

Figure 4.5.1: Coordinate system IMPACT
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of the hall (South/Villigen) and the Y-axis in the transverse
direction of the hall (East/Aare). The Z-axis points vertically
upwards. This reference system forms the interface between
survey and construction.

Where useful and appropriate, different coordinate systems
can be used (i.e. beam-based systems, girder-related systems,
etc.). To avoid confusion these will be labeled and/or explicitly
explained/defined.

453 Survey network

The coordinate system is represented by survey reference
marks designed for a 1.5-inch CCR measuring reflector.

The existing fiducials form the basis of the survey net-
work (Figure 4.5.2). That network will be extended by new in-
stallations of fiducials.

The new points are mainly attached to the walls or ce-
mented into the foundation at ground level (Figure 4.5.3).

Figure 4.5.2: Sample of existing fiducials in WEHA.
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454 Instrumentation 455 Software

Devices of the highest accuracy are available for the measure-  The Spatial Analyzer (NewRiverKinematics Data-Capturing,
ments. Measurement and adjustment are based on3D meas-  Calculations, Reporting) surveying program, which has the
uring methods, mainly using Laser trackers. Other devices required device interfaces, is used for measurement data
such as theodolites, total stations and precisionlevelsareused acquisition and adjustment. The WinGeonet software (SLAC

where necessary and appropriate (Table 4.5.1).

Computation and Graduation-Adjustment for Alignment-Net-

work) for network adjustments and height calculation is used.

Referenz- —.
Koordinate @A 1.57‘/“5:“(
1 uwy
o
1.5 Sphere Mount g
Special Index—\\\ 406 o
(1.5 SMSI-30MM-6MM) «
i 1
T -
LH ”
el

Figure 4.5.3: Wall and floor installations.

@ 6 H7 {0012)

Figure 4.5.4: 6 mm hole (g 6mm, H7) for the use in combination with 1.5-inch
CCRreflector and adapter (LEICA, Hubbs)

Instrument Typical Range[m] Accuracy (20) Task

Lasertracker HEXAGON Om-15m Uxy,z = #15 um + 6 um/m Network Measurement,

AT960-LR, LEICA AT901 (max. 60 m) Alignment

Lasetracker LEICA AT401 1.5m-15m Uxy,z = 15 um + 6 um/m Network Measurement,
(max. 80 m) Alignment

Theodolite Totalstation 1.5m-100m Angular: Network Measurement,

LEICA-TDA5005 (max.600 m) 0.15 mgon (0.5*) => 01 mm/40 m Axis-Alignment

Distance:

0.2 mm+2 ppm => 0.3 mm/40 m

Theodolite LEICA -TM5100A 0.5m-20m Angular:
0.15 mgon (0.5%) => 0.1 mm/40 m

Axis-Alignment,
Auto-Collimation

Precision Level WILD N3 0.6 m-10m +0.2 mm/km (optical/analog)

Network Measurement,
Height transfer

Precision Level ZEISS DiNi11T 5m-10m + 0.3 mm/km( Barcode/digital)

Network Measurement,
Height transfer

Table 4.5.1: Surveying instrumentation (specification and application for IMPACT).
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456 Fiducials on components

The positioning and alignment (6 degrees of freedom,
3 translations, 3 rotations) of the beam components is defined
by fiducials on the components. These (min. 4) fiducials are
necessary for components with accuracy requirements
< 0.5 mm. The measuring spheres can be placed in the 6 mm
(H7) reference hole by using an existing measuring adapter
(Figure 4.5.4).

Simple components such as blocks, frames, pumps and pipes
do not require fiducials. Rough positioning and control is car-
ried out by measuring the external geometry (cylinders, circles,
edges, corners, planes).

45.7 Alignment tolerances

Different accuracies are required for the individual work steps
and procedures for system installation. The highest accura-
cies are required for the beam components and the surveying
network during pre-assembly and alignment and installation
of the infrastructure. Alignment tolerances are summarized
in Table 4.5.2.

Component Alignment tolerances (20) Instrument
Floormarkings for holes, axis-markings +0.5mm Laser tracker, Theodolite
Alignment of Base-Plates, blocks, +0.5mm Laser tracker, Precision-Level

support- frames, columns

Alignment network reference-points
(local accuracy for typical working

+100 um (2 10 ppm)

Laser tracker, Theodolite,
Precision-Level

range 10 m)

Pre-assembly tolerances + 50 um (transversal, vertical) (2 10 ppm) Laser tracker
of components + 0.5 mm (longitudinal)

Final alignment (final Position) +100 um (transversal, vertical, longitudinal) Laser tracker

(=210 ppm)

Table 4.5.2: Alignment tolerances.
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4.6 Radiation Protection and Safety

461 Radiation protection

The operation of the HIPA facility falls into the scope of Swiss
legislation. Among other guidelines, beam operation must
be in accordance with the Radiological Protection Act RPA
[1], the Radiation Protection Ordinance RPO [2], the guideline
ENSI-G12 [3], the BAG license A-60891-76 and PSlI internal
guidelines. The general radiation protection aspects and some
specific requirement for the dismantling process were already
discussed in the CDR and are not repeated here.

4.6.11 Radiation protection planning during

installation and assembly

The radiation protection personnel collaborate with the
technical staff of PSI to assess the risks and the doses of
the personnel performing the installation and assembly.
If required, optimization measures are defined together to
reduce the doses and comply to the radiation protection
requirements.

In the next chapters, the results of the radiation protec-
tion planning are presented, based on the results of the Mon-
te Carlo simulations carried out by the responsible specialist
group. Where simulations are not available or do not deliver

Figure 4.6.1: 3D layout
of the main elements
foreseen for the removal
of target M and imple-
mentation of target H.
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the required information, radiation protection mappings were

performed. These assessments are considered sufficiently

conservative.

For the personnel the following monitoring is planned:

* Dosimeter: All persons involved are equipped with a
personal and approved dosimeter in accordance with RPO
art. 61.

* Electronic personal dosimeter (EPD): EPDs enable direct
reading and documentation of the doses after each work
step. The doses are entered into a database and compared
with the planned doses.

* Tritium monitoring: Regular or ad hoc urine samples to
detect tritium incorporation will be performed. In addition,
regular incorporation monitoring for Co-60 is carried out.

» Triage monitoring: Control measurements using a large
component measuring station (HPGe) after the work has
been completed or if incorporation is suspected. If incor-
poration is confirmed, a recognised whole-body measure-
ment is carried out by the authorised dosimetry service at
PSI East.

* Dose rate measurements, wipe tests, nuclide and activity
determinations and the collection of aerosol samples are
carried out regularly. Additionally, the cabin of the indoor
crane is equipped with a dose rate probe to warn the crane
operator of increased radiation levels.

/ Enclosure

Shielding-block
of target M

Container
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Work step Dosein
man-mSv
Removal Target-M 0.3
Removal of collimator KHM1 0.7
Removal of collimator KHM2 0.7
Expansion of profile monitor MHP 23/24 0.6
Removal of infrastructure at operating level 5.4
Removal of the cushion seals 1.0
Removal of target block elements 0.8

Table 4.6.1: Dose assessment for the Target M disassembly.

Special attention must also be paid to controlling the material
flow. Suitable measures will be taken to prevent the mixing of
activated and inactive material. It must also be avoided that
activated or contaminated material leaves the controlled area
without being released by the radiation protection personnel.

4.6.1.2 Dose assessment of Target M disassembly

The radiation protection planning for the removal of the
Target M region includes a large number of safety-relevant
measures and work steps. Firstly, the Target M is removed
and transported to a parking slot. The collimators KHM1 and
KHMZ2 and the profile monitor MHP23/24 are then removed
and transferred to the ATEC. The infrastructure on the service
level (“Bedienebene”) is completely dismantled to make room
for both crane and manipulator. As visible in Figure 4.6.1, an
enclosure (zone type IV) and the necessary personnel and
material gateways are built to prevent the spread of con-
tamination, with the service level being covered with con-
crete shielding blocks to reduce the dose rate. The Target M
shielding-block is dismantled in stages and the segments are
filled into containers. These latter are then decontaminated,
inspected, and transported for interim storage. The dose
estimate shows that the largest individual and collective doses
are expected to be 1.50 mSv and 9.45 man-mSv (Table 4.6.1),
respectively. To ensure safety, all persons involved are con-
tinuously monitored for incorporation and are equipped with
both personal and electronic dosimeters. In addition, regular
aerosol monitoring is carried out to detect air contamination
atan early stage.

4.6.1.21 Optimisation

The mostimportant measures to reduce the doses to the per-

sonnel are:

» Shielding of the service level: after dismantling the infra-
structure, the service level is covered with 0.5 mx1Tm x 6

222

m concrete blocks, which reduce the dose rate of the tar-
get station by a factor 80. This measure reduces the doses
during the construction of the enclosure and the disman-
tling of the target station.

* Use of “DeconGel”: the decontamination agent “DeconGel
1128 Spray” is used to bind contamination and prevent dis-
persion. It can be sprayed onto heavily contaminated com-
ponents; when it dries, it forms a plastic matrix that safely
binds the contamination.

* Change of personnel: individual doses can be minimised
by regularly changing personnel during work. By assign-
ing different employees alternately to the exposed tasks,
the exposure is evenly distributed, and the radiation dose
to eachindividual is reduced. This strategy helps to ensure
compliance with the limit values for individual doses and to
protect the health of employees.

* Thedose-relevant works will be remotely carried out by em-
ploying crane, power manipulators, and a camera system.

4.6.1.2.2 Intervention thresholds - Target M disassembly
Intervention thresholds serve as tools for radiation protection
optimization purposes. If a threshold is reached, the situation
- including the remaining work and the current radiation pro-
tection measures - will be reassessed to determine whether
additional or more effective protective measures are neces-
sary to complete the activities safely.

Individual dose: 1.2 mSv

Collective dose: 7.6 man-mSv

Others:

* Exceeding the contamination values according to the RPO,
annex 10.

« Deviation from the planned work steps.

* Hazard to conventional occupational safety.

4613 Dose assessment of Target H installation

4.6.1.31 Dose assessment

The radiation protection planning for the installation of the
new Target H includes different work steps. The main dose
contribution is the residual dose rate from the existing acti-
vated components. To date, both simulation and experimental
results on the residual dose rate are not available. Preliminary
dose estimates rely therefore on the experience gained by
the operational radiation protection group with similar pro-
jects. Dose estimates will be corrected as soon as updated
information will be provided. Due to the fact, that the most
highly activated components will already be removed before
the installation of Target H, the collective dose is estimated in
the order of 1.2 man-mSv.

4.6.1.3.2 Optimization

Although the estimated collective dose is relatively low, fur-
ther optimisation can be achieved for the individual doses.
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These latter can be minimised by regularly changing personnel
during work. By assigning different employees alternately to
the exposed tasks, the exposure is evenly distributed, and
the radiation dose of each individual is reduced. This strategy
helps to ensure compliance with the limit values for individual
doses and to protect the health of employees.

4.6.1.3.3 Intervention thresholds - Target H installation

Individual dose: 0.4 mSv

Collective dose: 1.0 man-mSv

Others:

* Exceeding the contamination values according to the RPO,
annex 10

* Deviation from the planned work steps

* Hazard to conventional occupational safety

4.6.1.4 Dose assessment for the dismantling of the
beamline in p-channel 1 (PK1)

As mentioned in Chapter 4.4.4, beamline components from
AHD1to the shielding block of the target station M, will be dis-
mounted to allow for the removal of target M itself (see Figure
4.4.9 in Chapter 4.4.4). These elements will be provisionally
stored in the WAKA facility. The freed space will be mostly
used to host the lock (“Schleuse”) and the container handling
systems. In addition, part of the p-channel 1 (PK1), which will
later steer the beam to TATTOOS, might be dismantled already
in parallel to the work required for HIMB.

4.6.1.41 Dose assessment

The radiation protection planning for the dismantling of the
beamline in p-channel 1comprises a variety of safety-relevant
measures and work steps. First, the highly activated compo-
nents are removed and transferred to ATEC. When the beam-
line is ventilated, tritium is removed via a filter system over
a long period of time. The beamline is dismantled in stages
and the various components transferred to WAKA. The dose
estimate shows that the largest individual doses are expected
to be in the order of 2.0 mSv and the collective doses in the
order of 13.8 man-mSv. To ensure safety, all persons involved
are equipped with personal and electronic dosimeters (i.e.,
EPD) and continuously monitored for their accumulated dose.
In addition, regular aerosol monitoring and permanent work-
place monitoring for tritium are carried out in order to detect
air contamination at an early stage.

4.6.1.4.2 Optimisation

Due to the rather long estimated dismantling times directly
in contact with the beam line, higher doses are expected. The
individual dose needs therefore be carefully optimized. This
will be achieved by regularly changing personnel during work.
By alternately assigning different employees to the exposed
tasks, the exposure is evenly distributed, and the radiation
dose of each individual is reduced. This strategy helps to pro-
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tect the health of employees and to ensure compliance with
the limit values for individual doses.

4.6.1.4.3 Intervention thresholds - dismantling of PK1

Individual dose: 2.0 mSv

Collective dose: 11.0 man-mSv

Others:

* Exceeding the contamination values according to the RPO,
annex 10

* Deviation from the planned work steps

* Hazard to conventional occupational safety

4615 Doseassessment of dismantling of secondary
beamlines

4.6.1.5.1 Dose assessment

The radiation protection planning for the dismantling of PiM1
and PiM3 beamlines includes different work steps. The main
dose contribution is the residual dose rate from the existing
activated components. The estimated collective dose is
15 man-mSv.

4.6.1.5.2 Optimisation

Although the estimated collective dose is already low, given
the fact that many people will be involved, further optimisation
can be achieved for the individual doses through personnel
rotation.

4.6.1.5.3 Intervention thresholds - dismantling
of secondary beamlines
Individual dose: 1mSv
Collective dose: 10 man-mSv
Others:
* Exceeding the contamination values according to the RPO,
annex 10
* Deviation from the planned work steps
* Hazard to conventional occupational safety

46.1.6 Doserate measurements

From a radiation protection point of view, IMPACT needs dif-
ferent dose rate measurements. These can be distinguished
by the following two main purposes:

1. Normalization of Monte Carlo simulations

Calculations using multi-purpose radiation transport codes
like MCNP or FLUKA are commonly used to investigate the ra-
diological situation for future experiments and to optimize the
shielding configuration (see Chapter 2.4). The obtained results
depend on a geometrical model and areliable radiation source
term. Whereas a detailed geometric model is usually available
from design drawings, source term related information like
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beam loss scenarios is difficult to evaluate. For this reason,
measurement campaigns with a comparable irradiation situa-
tion using the existing facility are used to normalize the results
of simulations. In the most straightforward way this is done by
comparing measured dose rates to simulated ones.

2. Verification of the compliance with limits

As part of the licensing process for operating new facilities,
the compliance with dose rate constraints given by [2;4] must
be verified by dedicated measurement campaigns. These are
based on survey instruments, suitable for the expected radia-
tion fields, intensities, representative measurement conditions
and experimental conditions.

Thereis a broad portfolio of different survey instruments
devices with individual properties available at PSI. However,
for the requirements described above, the following survey
instruments, depending on their sensitivity to the particle type,
are mainly used:

Neutron radiation

Extended range REM counters [5] are routinely used for meas-
urements of the dose rate arising from neutron radiation. A
device suitable for the expected radiation field is the LUPIN

. ':He-'aVY: Coﬂcr?te

Figure 4.6.2: Measurement setup in the PiE1-exerimental area to verify
attenuation factors for different shielding compositions for a symmetric
detector positioning behind a combination of normal (NC) and heavy
concrete (HC) shielding. The beam direction is indicated by the red arrow.
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5401 BF3-NP PSI [6]. These survey instruments cover an
energy range from thermal to a few GeV and are capable to
discriminate an intense photon background [7]. Dose values
can be acquired for time intervals of 50 ms. The LUPIN uses a
cylindrical proportional counter filled with BF,. It has a nominal
sensitivity of 2 cts per nSv and a moderator optimized for dose
indications in terms of ambient dose equivalent H*(10).

Photon radiation

The dose arising from photons are surveyed using an environ-
mental y-radiation monitoring unit of type NAUSICAA ICP-T
(referred to as “NAUSICAA”) [8]. The unit consist of a high-pres-
sure ionization chamber, filled with a mixture of Argon (8 atm)
and Xenon (2 atm) combined with an electrometer covering
7 decades and a CPU-based acquisition and control unit. This
type used for the measurements is suitable for photon fields
with dose rates from 10 nSv/h to 100 mSv/h and energies up
to 10 MeV. Dose values are acquired for time intervals of 1s.

Each instrument is calibrated in the neutron (photon)
field produced by an AmBe (**’Cs) source at the Calibration
Laboratory of PSI, which is accredited by the Swiss Accredi-
tation Service SAS (SCS0075).

In the case that spectral information is needed, for neu-
trons an extended range Bonner Sphere spectrometer [9] and
for photons high purity Germanium HPGe-semiconductor de-
tectors are available.

In addition, a process for measurement setup and data
evaluation has been established and already applied during
several measurement campaigns used to verify results of
Monte Carlo simulations, for example for measurements of
attenuation factors in PiE1 (Figure 4.6.2).

4.6.2 Personnel Safety System (PSYS)

Areas that are used for production and transfer of ionizing
radiation must be surveyed according to the Swiss Radiation
Protection Ordinance RPO [2] and SnAV [10]. Therefore, the
access to these areas will be controlled by a person-safety-
system (PSYS). These systems ensure safe conditions while
accessis possible and prevents access during beam operation.
The basic conditions are specified in an internal document [11].

Two of the affected areas of the reconstruction activities
within the HIMB project are the experimental areas MuE1and
MuE4. The general PSYS specifications for these areas will not
change, but there will be adaptions in the respective amount
and locations of entrance doors. Therefore, the positions of the
components for the PSYS, such as safety tour and emergency
switches, will have to change.

The three areas that belong to the (actual) PiM3 beamline
will need a completely new PSYS installation, as these con-
trol systems are technically not up to date. The functionality
of these new PSYS must suit the general concept and basic
conditions as described in [11]. According to the results of the
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necessary risk assessment, the major safety functions con-

cerning radiation protection are:

* No beam, while access is possible

* No access during beam operation

* Immediate termination of beam, when emergency switch
is pushed

The main machine components to avoid beam inside an
accessible area are beam stoppers, appropriate to the beam
conditions. In case of failure of these machine components,
an escalation of the alarm to the main beam stopper (“BW2")
of HIPA will prevent major impact on people.

Due to legal constraints, some additional functions are
needed as well:

* Ensure, that no person is inside the area, when beam op-
eration is allowed. This is ensured by passing a safety tour
before beam operation is possible.

» Signalization of (possible) beam operation inside and out-
side the area

* Acoustic warning before and during beam operation

The possible impact of the identified risks to people
working inside the area will determine the required level of
safety (performance level) of the used components of the
safety system.

Additional risks may be included in the safety system

PSYS which may come up when therisk analysis is performed.

4,6.21 Control unit for PSYS

The Personnel Safety System (PSYS) is based on PLC systems.
It controls access to the experimental areas, so that no people
can enter the area if dangerous levels of radiation (or other
hazards) can occur and ensures that no potentially harmful
manipulations can be executed if people are present.

The reconstruction of the experimental areas in the
WEHA for the HIMB project requires a new Personnel Safety
system for one beamline, that includes up to 3 experimental
areas (PiM3-Areas) and adjustments of the layout in some
other areas. In particular, additional side and escape doors
have to be added to comply with current regulations.

4.6.3 Work Safety

Most safety related functions at PSI are centralized in the
department “Radiation Protection and Safety” (ASI). As part
of the Center of Corporated Services, ASl is separated from
the research laboratories and operation of facilities. This or-
ganizational setup ensures adequate segregation of duties.
The groups of the ASl section “Betriebsstrahlenschutz”
have a mandate to supervise the radiological situation at the
accelerator facilities and the handling of potentially activated
or contaminated material. Subject matter experts on various
topics of conventional safety, e.g. fire protection, lasers, chem-
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icals or cryogenic gases are either part of the ASl organization
or attached to the respective line organizations.

The responsibility for conventional safety lies within the
line organizations. The design and build process for new or
modified components mustinclude an adequate risk assess-
ment, according to [12] which is based on ISO 12100 and other
standards. The line organization have appointed coordinators
to assist the designers in this process and to liaise with the
respective subject matter experts. Regular planning meetings
are used to coordinate on site activities and to identify work
related hazards.
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4./ Disposal

471 Radiological characterization

In the context of the IMPACT project, radiological characteri-

zation will be performed on materials originating mainly from

the experimental hall (WEHA). In carrying out the comprehen-
sive radiological characterization campaign, PSI must comply
with the Swiss legislation, namely the Radiation Protection

Ordinance RPO [1] and the guideline ENSI-BO4 [2].

The key aspects of radiological characterization are the
identification of the activity, dose rate and surface contami-
nation of the most relevant radionuclides in a given material.
The values of these quantities determine the disposal scenario,
as described in the RPO[1]. The disposal scenarios of interest
for the materials considered in the present campaign are free
release (clearance), recycling, deposit in a decay storage and
landfilling.

For the free release (clearance) of a given material, the
following three conditions from RPO art. 106 must be met:

1. The specific activity of each radionuclide must be below
the nuclide-specific clearance limit “LL’ detailed in annex
3 of the RPO [1] or the total activity of the sample must be
below LL-1000 g.

2. The maximum ambient dose rate at a distance of 10 cm from
the surface must be less than 0.1 uSv/h (net of background
radiation).

3. The surface contamination for each radionuclide must be
below the nuclide-specific surface contamination guidance
value “CS” detailed in annex 3 of the RPO [1].

If these conditions are fulfilled, the material can be exempted
from mandatory licensing and supervision by the Federal
Office of Public Health (FOPH), and it can be disposed without
specific restrictions. For materials - particularly metals and
concrete - with a specific activity lower than 10 LL, recycling
according to RPO art. 115 can be possible. Another option is
the disposal on a landfill according to RPO art. 114. For both
options dedicated guidelines from the FOPH exist and must
be followed.

Materials that will meet the clearance or recycling criteria
after a maximum decay period of 30 years can be stored in
decay storages compliant with RPO art. 117 [1]. At PSl dedicated
buildings exist for such a storage.

It is fundamental to quantify different types of material
that will be subject to radiological characterization and to have
radiation protection concepts to carry them out. These ma-
terials originate from structures in the WEHA that need to be
dismantled or modified for the HIMB project. Specifically, they
include components from the muon beamlines PiM1and PiM3,
the proton beam sections, the helium liquefication plant, the
water-cooling loop “Tertiary circuit 7”, and potentially concrete
shielding blocks.

An estimate of the various materials to be characterized
is givenin Table 4.7.1,based on inputs from technical personnel
involved in the facility decommissioning. These materials are
most likely not radioactive waste. Additionally, about 5000 t
of concrete blocks and 4000 t steel will be moved within the
project. The largest share will be used for remodeling purposes

Item Material Estimated weight [t]
Components from experimental areas and cooling circuit 7 (pipes, valves) Stainless steel 7

Ventilation pipes (PK2) and materials from experimental Steel 21

area dismantling (steel sheets, cable racks)

Flexibles hoses Plastics 2

Valves for rubber hoses Brass 1

Cable material Copper, PVC 9

Installation material (steel sheets, plugs, etc.) Steel, aluminum 7

Table 4.7.1: Overview of the material to be radiologically characterized for the IMPACT project. “PK2” is denoted as a part of the proton beam channel.
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Figure 4.7.1: Layout of the ATEC facility.

within the IMPACT project and will either be reused or stored
at PSI for future projects.

Based on experience at the HIPA facility, the main radio-
nuclides to be expected in the materials reported in Table
4.71are Be-7,Na-22, Na-24, Mg-25, Al-26, CI-36, Ti-44, Fe-55,
Co-57, Co-60, Ni-63, Sb-124, Eu-152, Eu-154, Hg-194, Pb-202
and Bi-207.

The necessary measurements for the radiological
characterization will be carried out following the guideline
ENSI-BO4 [2]. The measurements will be mainly performed
in a dedicated PSI building, the “Freimessgebaude” WMGA
building. The core resources of WMGA are two 41t clearance
monitors: a 440 | chamber with 6 plastic scintillators (model
Mirion RTM661/440Inc), generally used for samples up to
30 kg, and an 1800 | one (model Ludlum HWM-1800) with 24
plastic detectors, calibrated for different weights and material
types. The chambers are calibrated using reference nuclide
vectors enabling the accurate determination of the specific
activity. The 1800 | chamber was upgraded by PSl by inserting
acharacterized HPGe spectrometer to perform a complemen-
tary, online gamma spectrometry of the investigated sample
to check the used nuclide vector.

PSI can rely on a series of already available radiological
characterization concepts of specific materials listed in Table
4.71(e.g., for cables materials and different calibrations of the
clearance monitors). Additionally, new concepts can be de-
veloped to address the specific requirements of the IMPACT
project.
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472 \Waste package specifications

During the operation of HIPA different types of radioactive
waste, e. g. targets, shielding, magnets, cables etc. are going to
be produced. Vast majority of the waste materials are expected
to be steel (normal and stainless) and copper. From long-time
experience with the operation of accelerator facilities at PSI,
itis foreseen to dispose these materials taking existing waste
package specifications into account.

For example, waste package type 13 exists already
which can be used for operational accelerator waste and for
spallation targets or collimator parts (type of waste package
J-P-010008/10 and -12/14).

According to the Swiss Nuclear Energy Ordinance
(“Kernenergieverordnung” KEV, Art. 54 Abs. 6) [3] the Swiss
Federal Nuclear Safety Inspectorate (ENSI) isin charge to de-
fine the requirements and scope for the conditioning of radio-
active waste within a guideline. The conditioning of radioactive
material has thus to comply with the aspects of the guideline
ENSI-BO5 “Requirements for the conditioning of radioactive
waste” [4] where details and requirements regarding the
conditioning process and its approval are defined. Disposal
pathways are described in a waste package type specifica-
tion which must be approved by ENSI. In such a specification
several aspects must be addressed regarding the conditioning
of radioactive waste, e. g.:

* conditioning procedures
 disposal concept
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* robustness of the concept
* waste product
* waste package and its components
* quality management and time frame of conditioning
* suitability for transport, interim storage and final disposal
of the type of waste package

To fulfill these criteria and to be able to dispose radio-
active waste as a predefined or future waste package type, a
detailed knowledge on the characteristics (e. g. nuclide and
material inventory, nuclide and material quantities, dose rates,
production rates, waste volumes, etc.) of the current or future
waste is crucial.

Figure 4.7.3: Example of a concrete container.
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Figure 4.7.2: Treatment
of a highly activated part
within the Service Cell 1.

As the federal waste collection facility, PSI administers sev-
eral types of waste package specifications and disposal
concepts which give numerous opportunities to dispose
various types of radioactive waste. If required, PSl also has
the expert knowledge to develop innovative concepts and
to launch an approval process for a new waste package type
specification.

473 Processing of highly activated parts in
ATEC for disposal

4731 Description of the ATEC facility

The ATEC is located in the south-eastern corner of the experi-
mental hall WEHA and is designed for handling highly activated
and/or contaminated components from the HIPA facility. The
ATEC areaincludes an operator room (Zone Il) and two service
cells (Zone IV), see Figure 4.7.1.

The two service cells are equipped with a movable roof
made of concrete shielding blocks. From the operator room,
work in the two service cells can be remotely controlled using
various auxiliary devices such as cranes, power manipulators,
hand manipulators, camera systems, bandsaws, ventilation
systems, and more.

There is a storage area in the North of Service Cell 1 for
exchange flasks as well as airlock systems that connect Ser-
vice Cell 1with the exchange flasks. Additionally, in the eastern
section, there isa DECO room with a decontamination facility
for cleaning smaller components.

Accessto the ATEC area is provided through the person-
nel airlock located South of Service Cell 2.
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4.73.2 Insertion of Components into the

Service Cells

The insertion of components into the service cells can be car-

ried out as follows:

» Service Cell 1: Components can be fed through the hori-
zontal and vertical lock-systems using exchange flasks.
Larger components can also be inserted via the opened
roof.

» Service Cell 2: Components can only be inserted via the
opened roof.

4.7.3.3 Disposal of Components

Within the service cells, components designated for dispos-
al are disassembled or cut into smaller pieces. These com-
ponents are then placed into standard concrete containers
(KC-T12 and KC-T30). The process of disposing of components
in concrete containers is a well-established process, see for
example in Figure 4.7.2.

All the material from the dismantling of Target M is
temporarily stored in the Injector 1bunker. It also contains the
vacuum chambers and shielding parts that are no longer used
and cannot be reused in the new shielding of Target H. As most
of these parts are too large to be stored in a standard large
concrete container, newly constructed concrete containers
have to be purchased, see an example in Figure 4.7.3. After
the HIPA plant restarts user operation, the ATEC facility begins
the disposal process of the Target M components. The entire
process will take years and has not yet been defined in detail.
The injector 1 bunker will be kept reserved until all material
has been disposed. A facility near the ATEC site is available
for final conditioning with concrete mortar of the radioactive
waste in the standard containers. This facility can process
12-16 containers per year.

IMPACT Technical Design Report :: 4 Dismantling, Installation and Safety

474 References

(1

(2]

(3]

[4]

[5]

Swiss Federal Council. 2017. Radiological Protection Or-
dinance (RPO). SR 814.501 Switzerland, 26. April 2017.
ENSI-B0O4. Eidgendssische Nuklearsicherheitsinspek-
torat. Befreiung von Kontroll- und Uberwachungsberei-
chen sowie Materialien von der Bewilligungspflicht und
Aufsicht. November 2018.

Swiss Federal Council. 2004. Nuclear Energy Ordinance
(NEO) / Kernenergieverordnung (KEV). SR 73211 Switzer-
land, 10. December 2004.

ENSI-BO5, Richtlinie fur die schweizerischen Kernanla-
gen - Anforderungen an die Konditionierung radioaktiver
Abfalle.

IMPACT Conceptual Design Report, PSI Bericht Nr. 22-01,
ISSN 1019-0643, 2022

229



PSI in brief
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With 2300 employees and an annual budget of 460 million Swiss francs,
PSlis the largest research institute for natural and engineering sciences
in Switzerland. It is the central location of Switzerland’s large research
facilities. As part of the ETH Domain, PSl is a key pillar in the Swiss
research landscape and conducts cutting-edge research in the fields of
Future Technologies, Energy and Climate, Health Innovation and Funda-
mentals of Nature.

By collaborating with industry, PS| strengthens the innovative power
of Switzerland as a business location. Additionally, through the found-
ing of spin-offs, PSI transfers its latest scientific findings directly into
the economy. PSl is already investing today in the experts of tomorrow:
around a quarter of PSI employees are postdoctoral researchers, PhD
students or trainees.
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