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Optimization parameters

* Choice of moderators/reflectors
(Pb1 D201 LD21 C)

* Volume/thickness of moderators

« Wall thickness of vessels

Side view of basic concept: concentric cylinders
Top view of spallation target



Optimization goal
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Multi-parameter optimization

Shielding penetration

Connection
to cryostat

* Further refined model
* Fixed amount of LD, (125 L)

_\ * Optimized 8 parameters for wide range

of assumptions

Assumption Range
\\ Twall 60 s — 100 s

75 880 s
B 500 s — 1500 s

a 1.5--1.0
;l | Viuides + Vepn 100 L — 200 L




Results

Detailed engineering model

* Minimized wall thicknesses with ANSYS

* Minimized cost for D,O (430 + 200 L) and
graphite (reused)

« Optimized position above target

« UCN production: 1.4-107to 1.6-107 UCN/s
« Max. heat load: 8.1W @ 1.1 K

« 27 L He-ll converter (+ ~50 L in guide)

« 125 L LD,, max. heat load 63 W @ 20 K

» Storage lifetime in source: ~30 s

* Recently published:
10.1016/j.nima.2020.163525



https://doi.org/10.1016/j.nima.2020.163525

Most important parameters

Impact on UCN density
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Biological shielding

Moderator engineering — see next talk



Requirements

| Experimental area
< 10uSv/h #

Beamline 1A

M11

<100pSv/h

Reduce prompt radiation below limits

Quick access to cryostat,

while beamline 1A operating

* Exclusion area access controls

* Minimize residual radiation
< 65 uSv/h for maintenance at cryostat lid

» Safety procedures for confined spaces

Beam losses in beamlines 1A or 1U:
+ <50 mSv/hin any accessible area

Minimize shielding, maximize
experimental area

Include space to bury target at end of life



Acces_s Plan Overview CABLING AND SMALL
© David Rompen

CRYOGENIC
QUENCH VENT

WATCHMAN STATION #1

INTERNAL ACCESS ROUTE
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Proposed UCN Shielding Pyramid Overview
© David Rompen

3He PIPING AND CABLING ROUTES

CRYOGENIC QUENCH VENT 1A BLOCKS

GAS HANDLING PANELS

FALL PROTECTION

DEUTERIUM RECOVERY

LIQUID HELIUM TRANSFER D20 AND TARGET

WATER SYSTEM
EXCLUSION AREA

UCN GUIDE EXITS

HAZARDOUS GAS AND
ACTIVE AIR EXTRACTION 11



Proposed UCN Shielding Pyramid Overview (© David Rompen)

EXPOSED CRYOSTAT PIT ACCESS




Proposed UCN Shielding Pyramid Overview
© David Rompen

BORE HOLES REQUIRED
Potential temporary shielding allowing source installation 8" DIAMETER

while beamline 1A operating 13



Inner shielding
© David Rompen

Sufficient standard concrete &
steel blocks available at TRIUMF
Few custom steel blocks required
for critical weak points
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Status To do

« 2018: Extensive simulations Detailed design of D,O & graphite

- show that concept adheres to dose limits in all moderators to finalize dimensions
scenarios,

» produce dose-rate maps (see appendix), and
put requirements on radiation hardness of

Design and order custom shielding

components. » Finalize procedures and safety
. May 2019: TRIUMF review identifies no precautions for
showstoppers » Access to exclusion areas/confined spaces
PP * Moderator replacement
* Winter 2020: Dose estimates for * Targetreplacement
» Cryostat maintenance « Shutdown 2021: Test target replacement
Moderator replacement procedure

Moderators and partial shielding have to be installed during shutdown 2021
or project will be delayed by one year!
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VCN

—> Top of shielding?

Add diagnostics port 2 M11 area?
No additional guides & penetrations Dedicated VCN line (~5x5 cm2):
Line of sight onto cold LD, moderator
No impact on UCN performance 16

Shielding penetrations needed
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Target & moderator replacement after 20 years
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